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CANKER DISEASE IN CORYMBIA CALOPHYLLA (MARRJ) IN THE SOUTH
WEST OF WESTERN AUSTRALIA
T. Paap\ J.A. McCombI, B. Shearer', T. Burgess' and G.E.SU. Hardy!
'Murdoch University, South St, Murdoch, WA, 6150
2 Department of Conservation and Land Management, Perth, W A, 6152
Inoculations of marri with Endothiella eucalypti and
Quambalaria pitereka produced significant lesions
(Fig. 2), with those of the later most similar to
symptoms observed in nature. Q. pitereka was
subsequently examined further.

INTRODUCTION
Cankering of marri in the southern forests of
Western Australia is causing concern as it is
increasing considerably in severity and geographic
range. The contribution of canker fungi to stem,
branch and tree death has not been studied in detail,
and the causal agent(s) is yet to be determined (1).
This project examined disease incidence and
associated pathogens.
MATERIALS AND METHODS
Survey of disease incidence Three regions across
south west WA were selected with two transects set

•

up per region, one in a remnant stand of trees and one
in adjacent state forest. Fifty trees per transect were
assessed for canker presence .

Isolation of fungal pathogens Standard isolation
techniques were used to isolate potential pathogens
from marri wood tissue.

Q. pitereka isolates showed a large amount of
phenotypic and genotypic variation (Fig.3).

Pathogenicity testing Side branches of even aged
marri saplings were underbark inoculated with
isolated fungal pathogens. Lesions were measured
after a ten week period.
Population genetics of suspected pathogens was
carried out by sequencing ITS regions and examining
intraspecific variation with the use of randomly
amplified rnicrosatteHte sequences.

•

RESULTS
Cankers were present at all sites, with lesions
occurring on trunks, branches and twigs of trees of all
age classes (Fig. 1). Cankers had led to tree death in
three of the six transects. There were significantly
more cankered trees at the remnant sites than in state
forest (47.3% and 16.1% respectively, p<O.05).

Figure
Variation in
morpbology (Bar =10"m)
DISCUSSION
Cankering of marri is severe and of concern, and
potentially caused by Q. eucalypti. There is a
pressing need for further research into the eitiology
and epidemiology oftbe pathogen.
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Figure 2 Severe canker of marri (State forest).
Thirty nine fungal species were isolated in total, the
majority being endophytes or opportunistic
pathogens.
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AIRBORNE BASIDIOSPORES OF PUCCINIA BORONlAE:
INFLUENCE OF WEATHER AND DETECTION BY PCR-RFLP
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INTRODUCTION
Puccinia boroniae is a microcyclic rust fungus,
infecting commercially important species of Boronia.
Control using fungicides is often ineffective in Western

Australia.

More
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the

environmental conditions conducive for basidiospore

formation and dispersal of the pathogen is required to
improve fungicide application.

The aims of this study were to (i) investigate the
release of basidiospores of P. boroniae under field
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conditions and their relationship with weather factors,
and (it) confirm the capture of these basidiospores on
the spore tape using DNA analysis.

Figure 1 Hourly basidiospore release.
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MATERIALS AND METHODS
Spore counts. A slit-type volumetric spore trap was
established at a commercial Boronia plantation in Mt
Barker, Western Australia from Jan-Sep 2004. A
length of Melinex tape was coated with TangleFoot
adhesive and placed in the drum set to rotate once
every 7 days. Tapes were sectioned in 24 h strips,
stained and total basidiospores counted in 1
longitudinal transect at x400 magnification. Five high
basidiospore count days (> 100 basidiospores) were
analysed on an hourly basis. Correlation with weather
was completed using Spearman's rank correlation.
th
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Figure 2 Puccinia boroniae specific nested PCR (a)
and RFLP analysis (b) of spore tape. Asterisks indicate
non-specific amplification. H = P. hordei; B = P.
boroniae, N = Negative contro1.
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PCR-RFLP analysis. Samples from 13 Feb-8 Apr
were further sectioned horizontally, and DNA extracted
from half the tape using a modified method of Calderon
et af. (1). The ITS region of P. boroniae was amplified
using a nested peR protocol, with species-specific
primers designed for the experiment. Nested peR
products were digested with DraI and HaellI or TaqI,
and analysed by gel electrophoresis.

DISCUSSION
The data from this study showed that in the mild
climate of the southwest of Western Australia
formation and dispersal of basidiospores of P. boronia~
was possible over a large portion of the year. Similar to
many rust fungi, basidiospores were released
periodically at night. Further investigations into disease
incidence and severity, and their relationship with
weather conditions are still needed.
The data showed that P. boroniae could be
identified from air samples containing high numbers (>
100 spores per field of view) of different fungal spores
using the nested PCR-RFLP protocoL Further
optimisation of the primer specificity together with QpeR would provide a valuable quantitative alternative
to the traditional method of spore counting; a time
consuming and often highly subjective method.

RESULTS
Spore
counts.
Basidiospores
morphologically
resembling those of P. boroniae were captured from
Feb-Aug 2004, peaking in number and daily
occurrence in Apr 2004 (autumn). Daily basidiospore
numbers were significantly (p < 0.05) correlated with
minimum temperature and total daily rainfall.
A diurnal periodicity of basidiospore release was
observed, peaking on average between 02:00 and 05:00
hrs (Fig 1).
Hourly basidiospore numbers were
significantly (p < 0.01) correlated with relative
humidity, air temperature, solar radiation and
evaporation.
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PCR-RFLP.Of the 56 spore tape samples screened,
basidiospores were observed on forty-four. Thirty-one
of these tape samples (70 %) produced a nested PCR
product when amplified with P. boroniae primers
M51J'PBr15, of which 23 (74 %) were positive for P.
boroniae by RFLP analysis (Fig 2). Non-specific
amplification was observed with the primers used (Fig
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INTRODUCTION
Disease in natural ecosystems caused by
Phytophthora cinnamomi is listed as a key
threatening process under the Commonwealth
Environment
Protection
and
Biodiversity
Conservation Act 1999. A Commonwealth
Government funded project stemming from the
National Threat Abatement Plan (1), sought to
develop:
• a process and criteria to assess the risk to
biodiversity from P. cinnamomi (2)
• national best practice benchmarks for the
management of P. cinnamomi (3)
The current paper describes the best practice
component of the project.
MATERIALS AND METHODS
The best practice was prepared under the guidance
of a panel of experts representing all
StateslTerritories, except the Northern Territory.
Current management practices were reviewed, and
factors hampering management identified. The
review enabled the development of benchmarks for
best practice management of P. cinnamomi for
biodiversity conservation in Australia.
At the time of writing, the document was under
review by the panel. It will then be released to 350
stakeholders Australia-wide for comment. The
stakeholder group includes: key land management
agencies, Local Government, NRM organisations,
emergency
services
and
utilities, research
institutions, industry, community conservation
groups and recreational land users.

This document provides a national framework for
management of P. cinnamomi in Australia. It
provides the best current management procedures and
the information will enable Governments to refocus
efforts for better outcomes in biodiversity
conservation.

Figure 1. A model for best practice management
cinnamomi in natural ecosystems of
Australia.
of P.
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RESULTS & DISCUSSION
A model of best practice was developed for the
management of P. cinnamomi in natural ecosystems
of Australia (Fig. 1). As the model implies strategic
management paves the way for achieving best
practice management. Strategic management refers to
the acknowledgement of the threat P. cinnamomi
poses to biodiversity, by all levels of government,
through the development and implementation in
effective statutory and non-statutory provisions, and
coordinated and informed investment.
A central core of research undertaken in
collaboration with land mangers drives the processes
and procedures necessary for the deployment of
effective on-ground measures, the ultimate aim of
which is to minimise the further spread and impacts
of ,the pathogen on biodiversity. A process of
monitoring, auditing and reviewing the effectiveness
of procedures completes a loop of continuous
management improvement.
Many gaps in processes and knowledge have been
identified which hamper best practice. The gaps have
a cascading effect. A history of insufficient and ad
hoc investment is responsible for key gaps in
knowledge: the extent of the threat P. cinnamomi
poses to biodiversity and the effectiv~ness of current
on-ground management measures.
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INTRODUCTION
Tuart is a magnificent woodland tree endemic to the
Swan Coastal Plain of Western Australia, and is one
of the few eucalypts that is adapted to calcareous soil
profiles (I), Prior to European settlement there were
more than 111,600 ha of tuart woodlauds (2) but this
has been reduced to 30,311 mostly as a result of
clearing for urban development and agriculture (3).
In the early 1990's the decline of tuart woodlands in
Yalgorup National Park (YNP), 1.5 hours south of
Perth, became severe causing public awareness and
concern. At present, the majority of the 13,000
hectares of this park is affected. A large research
group was established in 2003 to investigate the
cause(s) of this decline, conducting research on a
range of abiotic and biotic factors, including water
relations and hydrology, environmental correlates,
:fire and competition, mycorrhizae and nutrition,
fungal pathogens and insect pests. The collaborative,
integrated and adaptive approach to the research, and
the latest findings of the group will be presented.
MATERIALS AND METHODS
A wide array of methods have been adopted in this
research, ranging from vegetation surveys, canopy
assessments, GIS, controlled burns, ashbed trials, and
root excavations, to pressure bombing, foliar
analyses, inoculation trials and fungal isolations.
Fungi have been isolated from leaves, stems and
roots of trees, using traditional techniques, and more
innovative techniques. For comparison of roots
systems between trees with healthy and declining
canopies and to accurately locate necrotic roots, we
have used the air-spade, which is a tool that
penetrates and dislodges soil around the root system
by producing a stream of supersonic air moving at
mach 2. We have successfully used this system to
identify necrotic roots and isolate pythiaceous fimgi
from these.
RESULTS
Some of the current findings of the research are as
follows:
•

Fine feeder root necrosis is associated with
declining trees, and a Phytophthora gp. and
Pythium spp. are recovered frequently,

•

There are fewer mycorrhizal pads associated with
declining trees than healthy trees and this
observation is closely associated with the above
point,

•

Trees growing within YNP with symptoms of
severe decline have different foliar nutrient
profiles than trees growing outside the national
park that are in good health,

•

•
•

•

•

Seedlings and saplings are infected with a range
of pathogens, including A1ycosphaerella cryptica,
which appears to have a significant impact on
their survival and growth,
Seedlings exhibit greater rates of survival and
growth on ashbeds compared to off ashbeds,
Tuart uses a combination of capillary fringe and
shallow soil water, with no apparent water source
partitioning occurring between size classes,
Seedlings are more susceptible to loss of xylem
function with the onset of water stress than
saplings or mature trees, however, critical water
potentials for loss of xylem function have been
rarely breached in any size class or location over
the 14 months,
GIS mapping has shown that the decline is
spreading rapidly through YNP and has been
occurring since 1991,

Compared to other tuart regions, YNP shows a
high correlation with higher rainfall, fmer and
shallower soils, higher groundwater alkalinity
and salinity, and greater rates of groundwater
salinity increase,
• A conceptual model of tuart canopy decline with
hypothesized processes of regional scale canopy
decline, and severe canopy decline in the
Yalgorup region has been developed.
DISCUSSION
Overall, this work has shown that YNP is the
epicentre of the decline, and the decline is extending
rapidly from this point. Using a multi-disciplined
approach, we have shown that the decline syndrome
is complex and a range of biotic and abiotic factors
may be involved, enabling us to focus more intently
on specific areas of research to detennine the
cause(sL and provide management solutions.

•

•
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INTRODUCTION
Disease in natural ecosystems caused by
Phytophthora cinnamomi is listed as a key
threatening process under the Commonwealth
Environment
Protection
and
Biodiversity
Conservation Act 1999 (EPBC Act). A project
funded by the Commonwealth Govenunent stemming
from the National Threat Abatement Plan (1) sought
to develop:
•
national best practice benchmarks for the
management of P. cinnamomi (2), and
•
a process and criteria to assess the risk to
biodiversity from P. cinnamomi (3).
The current processes for risk assessment and
setting priorities for P. cinnarnomi threats in Australia
vary in their level of development and methodology.
This paper describes the development of a risk
assessment framework suitable for national adoption.
MATERIALS AND METHODS
The risk assessment was undertaken under the
guidance of a national panel of experts in the
research, policy and management of P. cinnamomi.
A review of risk assessment in natural resource
management and current databases of information on
the distribution of P. cinnamomi, susceptible and
threatened taxa, provided the basis for the
development of a risk assessment process. The
absence of quality empirical data led to the
development of a risk assessment framework that
utilised expert opinion and predictions.
Risk assessment models were developed using a
semi-quantitative scoring system which enabled a
ranking of assets according to the risk posed by
P. cinnamomi and the perceived ability to manage the
risks .
Models were developed for natural assets: i) flora
ii) fauna habitat iii) vegetation communities and iv)
areas. The models consider the conservation status of
species/communities according to the EPBC Act,
State listing, or ruCN criteria.
The models were tested by the panel and a
stakehol4er group, consisting of natural resource
managers responsible for the management of
threatened biodiversity assets.
Two scores calculated by the models were 'risk'
the likelihood and consequence of an infestation by
P. cinnamomi and 'manageability' the potential to
manage the risks identified.
The risk score is calculated by considering the
susceptibility of the vegetation to P. cinnamomi, the
extent of any current infestations, and in the absence
of the pathogen the likelihood of an infestation
occurring in 10 years. In assessing the likelihood of
infestation, the models suggest considering location
in the landscape, proximity to infested areas, land-use
and current management.
The score for the potential to manage the risks
focuses on the perceived ability to control human
vectoring of the pathogen, through restricting or
modifying access andlor the imposition of hygiene

measures Risk mitigation strategies include the use of
phosphite and the potential for ex-situ conservation.
The scores obtained for 'risk' and 'manageability'
for each asset are designated a rating, and together
with the conservation status, provide the basis for
ranking.
RESULTS & DISCUSSION
Ratings for taxa, communities and areas undertaken
by stakeholders are considered, together with
feedback on the models.
The ranked ratings considered in conjunction with
the conservation status for species and communities
provides the basis for decision making and priority
setting in management of natural assets under threat
of P. cinnamomi. The process will enable resources
to be directed where management is most needed and
where the chance of success is highest.
The models produce indicative risk assessments
based on current scientific knowledge and expert
judgement and are viewed as part of an iterative
process. The current lack of data requiring 'best
guesses' highlights the need for further research on P.
cinnamomi and its impact in Australia. As our
understanding of the factors affecting the pathogen
improves, the quantification of risk will be more
accurate.
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INTRODUCTION
FOf soilborne plant pathogens such as Phytophthora
cinnamomi, differentiating between spores of P.
cinnamomi and other similar microorganisms can be
challenging, making it difficult to detennine the form
the pathogen survives in soils and host tissue.
Previous research has shown that the pathogen may
be capable of producing thick-walled chlamydospores
(I). However, due to the difficulty in germinating
these structures routinely, presumably due to

colonised compared to their parents by 14% and 19%
for l\IIP103 and MP127, respectively.
Within lupin roots in a non-sterile environment,
chlamydospores of P. cinnamomi fluoresced under
blue excitation allowing them to be distinguished
from spores of other fungi (Figure I).

dormancy, research has not been able to progress in
this area as it is unclear whether these are actually
propagules of P. cinnamomi.
The transformation of P. cinnamomi with the
Green Fluorescent Protein (OFP) provides the
opportunity to study the growth and survival in plants
and soil under non-sterile conditions.
The present study aimed to transform P.
cinnamomi using the protoplast method to
incorporate the OFP and geneticin resistance genes.
The stability and pathogenicity of transformants were
then compared with non-transformed isolates before
studying formation and survival of chlamydospores
under sterile and non-sterile conditions.
MATERIALS AND METHODS
Transformation of P. cinnamomi The method by
(2) was followed. Transformed isolates were
maintained on V8 agar amended with geneticin.
Colonies were checked for fluorescence.
Testing the effect of transformation on the growth
of P. cinnamomi. Colony diameter of transformed
and non-transformed cultures on 90mm Petri dishes
with V8J agar or V8J agar containing 20llgrnr l
geneticin was measured.
Pathogenicity of
transformants was determined by a lupin bioassay
where l-week-old lupins were inoculated with
transformed and non-transformed cultures of P.
cinnamomi. Lesions were measured.
Survival propagule studies. Roots of l-week-old
aseptically grown lupins were inoculated with
transformed and non-transformed cultures of P.
cinnamomi. After 2 weeks, colonised roots were then
placed in 50mm Petri dishes containing lOmt soil
extract Plates were incubated for 3 weeks at 25°C.
Roots were divided in half longitudinally and
chlamydospores observed under both light and
fluorescent (blue excitation at 48Onm) microscopy.
RESULTS
P. cinnamomi was successfully transformed and
two isolates were chosen for further detailed studies.
The transformed isolates grew significantly (p<0.001)
slower than their non-transformed parents. On V8J
agar containing Oeneticin, transformed isolates grew
to a maximum diameter of 70mm whereas their nontransformed parents only grew to a maximum of
10mm diameter.
Pathogenicity testing of the transformed isolates
showed a significant (p<O.05) reduction in root length

•
Figure 1: Chlamydospores within lupin roots in soil
extract. A Chlamydospore under white light, B Same
as A but fluorescing under blue light, C Fluorescing
chlamydospores under blue light, D Non-fluorescent
Bar = 50!IDl. Arrows
spores under blue light.
indicate fluorescent material
DISCUSSION
P. cinnamomi transfonned with green fluorescent
protein allowed chlamydospores to be easily
distinguished from spores of other microorganisms in
a non-sterile environment. Transformants, resistant
to Oeneticin, grew less readily on agar without
antibiotic and were less pathogenic than their nontransfOlIDed 'parents' which supports studies by (3).
Future studies will detennine the saprophytic
ability of P. cinnamomi and whether thick wan
chlamydospores do occur and their role.
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INTRODUCTION
Decline of some C. calophylla populations across
the south-west of Western Australia was noted as
early as 1940's (1). Current decline causes are
considered a complex mix of decreasing rainfall,
increasing salinity, insect defoliation, and other
environmental stresses including invading pathogens.
Recent disease symptoms including leaf and
shoot blight of C. calophylla and C. ficifolia (Fig. I)
have lead to this study of Q. pitereka isolated from
trees in a wide area of south Western Australia as a
possible primary pathogen of canker disease in
Corymbia species.
Aims of the study were to measure in vitro
growth of isolates from the leaves and stems of C.
calophylla and C. jicifolia on different media: V8,
Malt Extract Agar (MEA) and Potato Dextrose Agar
(PDA); at different temperatures: 15, 20, 25 and
30°C; and under light and dark conditions. Results
were reported as Jlg biomass production at day 15.

RESULTS
All media produced significantly (p<0.05) different
biomass. Growth of C. calophylla and C. ficifolia
leaf isolates was significantly (p<O.05) different on
both concentrations of IvIEA, whilst growth of stem
isolates was significantly (p<0.05) different on full
PDAonly.
Significant (p<0.05) differences between C.
catophylla and C. jicifolia leaf isolates were found on
15, 20 and 25'C. No significant (p>0.05) differences
were found on fun PDA at any temperature for stem
isolates.
There were significant (p<O.05) differences in
biomass production of C. calophylla and C. jicifolia
leaf isolates in both dark and light on full PDA, but
not significant differences in stem isolate growth
under the same conditions.

MATERIALS AND METHODS
For an experiments 8 mm cores of single spore
cultures of isolates of Q. pitereka (Table 1) were
plated onto cellophane covered 8 em diameter plates
of agar.

•

Initially, 8 isolates were plated onto 10% and
20%V8, 1.5% and 2% MEA and half and full PDA
and stored at 20°C. Next, 4 of the original isolates of
Q. pitereka (Table I) were plated onto half and full
PDA and stored at temperatures of 15, 20, 25 and
30°C. Lastly, the original 8 isolates were plated onto
half and full PDA and stored under light and dark
conditions at 25°C.
Fungal biomass was determined at 15 days.
Table 3 - Q. pitereka isolate DO., host species, plant
organ infected and plant location.
(*
isolates used in temperature experiment.)
Isolate
No.

Host

Plant organ
infected

Plant location

2*

C. calophylla

Stem

Mundaring

17

C. calophylla

Stem

Cowaramup

31

C. calophylla

Leaf

Mt. Barker

33*

C. calophyUa

Leaf

Denmark

14*

C. ficifolia

Stem

Brunswick
Junction

23

C. ficifolia

Stem

Walpole

15*

C. ficifolia

Leaf

Brunswick
Junction

30

C. ficifolia

Leaf

Denmark

Figure 1 Q. pitereka on C fici/olia leaf (a) and
stem (b) from Walpole, Western Australia.
DISCUSSION
This is the first published data on in vitro biomass
production of Q. pitereka isolates. This study has
identified fun PDA as an appropriate media for
growth of Q. pitereka isolates. Also identified were
significant differences in biomass production between
species' leaf isolates than did not occur for species'
stem isolates.
Further experiments are planned in planta to consider
pathogenicity of leaf isolates on stems (and vice
versa), and the cross-infection potential of C.
calophylla isolates on C. ficifolia and C. maculata.
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COMPARISON OF BAITING AND MOLECULAR METHODS FOR THE
DETECTION OF PHYTOPHTHORA CINNAMOMI FROM SOIL SAMPLES FROM
SOUTH WESTERN AUSTRALIA
N. M. Anderson. G. Hardy and P.A. O'Brien
Biological Science and Biotechnology, Murdoch University, South Street, Perth 6150

••

INTRODUCTION
Phytophthora cinnamomi has been responsible
fOf widespread destruction of native forests and heath
lands throughout southern Australia. Baiting has been
the primary method for detecting p, cinnamomi from
soil samples (I). However, it is limited by the
common occurrence of false negatives and the
inability to detect dormant spores within the soil (2).
The introduction of molecular based detection
methods offer improved sensitivity and specificity for
P. cinnamomi detection (3). peR amplification is
central to various methods of molecular detection
including PCR-RFLP and microarray analysis.
Several previous studies have compared the
theoretical sensitivity of PCR and baiting of zoospore
and chlamydospore inoculations without assessing
naturally infested soils (4). This study compares
baiting to primary and nested PCR detection of P.
cinnamomi from naturally infested soils.
MATERIALS AND METHODS
Nested PCR primers were designed to target the
ITSl and 2 regions of P. cinnamomi. PCR detection
was optimised to improve specificity and overcome
the influence of inhibitory compounds from a range
of soils sourced from throughout south Western
Australia.
Efficiency of baiting and molecular detection
trials were compared for naturally infested soils to
detennine the minimum amount of soil required to
detect P. cinnamomi. The impact on detection of
periods of wann and dry conditions was assessed by
storing the soil for extended periods of time at 25 and
30°C whereby the detection analysis was repeated.

•

DISCUSSION
hnproved sensitivity and reliabilIty of pathogen
detection is central to the implementation of effective
pathogen management This study has shown that
DNA based detection is more reliable for the
detection of P. cinnamomi from soil samples.
Furthennore the improved sensitivity of detection
following periods ofllllfavorable conditions has been
demonstrated. The significance and application of
these results to the management of P. cinnamomi will
be discussed.
ACKNOWLEDGEMENTS
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RESULTS
PCR based analysis was found to be far more
sensitive in detecting P. cinnamomi than baiting in
each of the soils analysed. In many cases, PCR
analysis enabled the detection of the pathogen when
baiting failed to do so. peR detection of soil baits
also proved to be more sensitive than culturing of bait
onto selective media. This was attributed to the baited
P. cinnamomi being overgrown by non-target species
when grown on antibiotic infused agar. However,
PCR detection directly from the soil extracts was
always more sensitive than peR detection by baiting.
In cases where baiting was successful equivalent
levels of detection could be achieved by peR
analysis using O.5g of soil compared to 50g used for
the baiting assays. The increased sensitivity of peR
detection enabled P. cinnamomi to be detected from
Ig of after samples were stored at 25°C and 30°C for
up to 12 weeks. No P. cinnamomi was recovered
from baiting 64g of the same soil.
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MYCOSPHAERELLA SPECIES PRESENT ON EUCALYPTUS GLOBULUS IN
WESTERN AUSTRALIA, NEW RECORDS FOR WA AND AUSTRALIA
S.L. Jackson\ A. Maxwell', S. Collins3 , B. Dell' and G.E.StJ. Hardyl
1 School of Biological Sciences and Biotechnology, Murdoch University, Perth, Western Australia 6150
2 eRe for Australian Weed Management, CSIRO Entomology, Private Bag 5, PO Wembley. Western Australia 6913
3 Integrated Tree Cropping, PO 1241 Albany Western Australia 6330
INTRODUCTION
In Western Australia (JVA), the most serious
foliar
disease
of eucalypt plantations
is
Mycosphaerella Leaf Disease (MLD). Currently in
WA there are ten published species of
Mycosphaerella occurring on Eucalyptus globulus.
Breeding for disease resistance of MLD in E,
globulus is affordable and sustainable for plantation
companies who are Forest Stewardship Accredited.
However, it is important to understand what potential
pathogens are present in order to breed for resistance.
In October 2003, a 2 yr old genetic trial
consisting of 56 E. globulus families was surveyed
for MLD. During the course of this study three
~reviously unrecorded Mycosphaerella species for
~ustralia or W A were isolated and identified.
MATERIALS AND METHODS
Four juvenile andlor adult leaves were sampled
from 56 families of an E. globulus genetic trial in
Albany W A. Each leaf was soaked in water for 2060mins, blotted dry and place on the lid of a Petri
dish to induce ascospore discharge. Single spore
isolations were made according to (1).
M fori and Phaeophleospora epicoccoides were
isolated directly from juvenile leaf material. Conidia
were picked off using a sterile needle and streaked on
2% MEA. Single conidia were transferred onto new
2% 1vIEA plates and incubated at 20°C in the dark.
Thirty spore measurements of M fori, P.
epicoccoides and M tasmaniensis were made at
IOOOx magnification. The internal transcribed spacer
region (ITS) was sequenced to confIrm the identity of
the new records.

•

RESULTS
This study extended the host and geographic
range of M fori, and geographic range of P.
epicoccoides
and
M
tasmaniensis.
Spore
measurements were consistent with previous records
(1) and (2) (Fig. 1). The ITS sequences matched those
on Genbank, M fori (99%) and M tasmaniensis
(100%). The sequence of P. epicoccoides matched
100% to other sequences on Genbank: excluding an
indel, however the indel matched 100% to one isolate
from Queensland, (Milgate pers. com).
M. marksii was most commonly isolated from
juvenile leaves and M nubilosa from adult (Fig. 2).
Overall II
were isolated
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Most
frequently
Isolated
species (%) occurring on
juvenile liD ) and adultl!fu ) E. globulus leaves
at a genetic trial in Albany W A.

Mycosphaerella

DISCUSSION
M. fori has recently been described from South
Africa on E. grandis (2). This is the first record of M
fori outside South Africa and also on E. globulus. It is
considered a significant. threat on E. grandis in South
Africa (2). Population genetic analysis could indicate
whether the origin of M fori is in Australia or
elsewhere.
This ITS sequence data of P. epicoccoides
suggests that this pathogen was brought in from
Queensland, however, population genetic studies
currently being undertaken will clarify this. The
potential impact on both plantation and endemic
eucalypts needs to be assessed in WA.
The occurrence of M. tasmaniensis was at a low
level, therefore, it is not an immediate threat to the
plantation estate in WA.
M. marksii was the most frequently isolated
species from juvenile leaves. Although this species
has been isolated from numerous eucalypt species in
South Africa (2), and elsewhere and it is not
considered to be of primary importance. However, it
appears to be an emerging threat to plantations in
Australia. At present very little is known of the
biology of this species and this requires further
research.
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FIRST RECORD OF PYCNOPORUS ON PAULOWNIA TREES
K.L. Bayliss, B. Dell and G.E.StJ. Hardy

Biological Sciences and Biotechnology,
Murdoch University
South 8t, Murdoch Western Australia 6150
INTRODUCTION

Paulownia fortunei and P. tomentosa arc
currently being grown for high quality timber
production in a number of private and public
Australian plantations. The trees originated in China
where they have been grown for many centuries,
relatively free of disease. In the Mediterranean
environment of Australia Paulownia appear to be

•
•

more susceptible to infection by a range of pathogens.
The wood-rot fungus Pycnoporus is a widely
spread saprotroph, and is also used commercially for
the degradation of lignin and other biotechnological
applications (1). It has previously been identified on
dead Paulownia trees and tree stumps (N. Malajczuk,
pers. comm.). This is the first report of Pycnoporns
cinnabarinus on living Paulownia trees. Preliminary
results from a trial assessing potential fungicides for
control of this pathogen are also presented.

MATERIALS AND METHODS
Isolation and Identification Mature fruiting bodies
were removed from 5-6 year old P. fortunei trees at
two separate commercial plantations. The fruiting
bodies were dissected into small pieces (5rmn1),
surface sterilized and plated onto 2% malt extract
agar.
DNA was extracted from the mycelia of 14-dayold cultures using the MoBio UltraClean 15 DNA
purification kit (www.mobio.com). The ITS region
was amplified using primers ITS 1 and 4 and the peR
product purified and sequenced. Sequences were
compared to those lodged in GenBank.
Pathogenicity tests
Plugs of mycelium approx.
5mm 2 in diameter were taken from the edge oj
actively growing cultures. Incisions were made under
the bark of 12-month-old P. fortunei trees with a
sterile blade and the plug of mycelium inserted The
wound site was wrapped with parajilm for approx. 3
days before being removed. Plants were arranged in
a randomized design and maintained in a glasshouse
with temperatures of 30/1 JOe (day/night).

In vitro fungicide trials. Cultures were established
on l/z PDA containing 5, 10 or 20 mgIL of contact or
systemic fungicide (Table 1). Cultures were grown at
20°C for 14 days and the diameter of growth
measured and compared against the control on unamended l/z PDA.
Table 1. Fungicides used in in vitro trials
Fungicide
Mancozeb
Chorus
Flint
Benlate
Kocide

Chemical Group
Dithiocarbamate (Y)
Anilinopyrimidine (I)
Strobilurin (K)
Benzimidole (A)
Copper (Y)

beneath (Fig. I). Based on ITS-PCR the fungus was
identified as Pyc. cinnabarinus,
Under-bark inoculation of Paulownia with
mycelium resulted in the production of dark lesions.
These trees are still being observed to detennine if
fmiting bodies will be produced.
Two systemic fungicides, Benlate and Chorus,
were the most effective at inhibiting the growth of
Pyc. cinnabarinus on agar.

Figure 1 Bark peeling away to reveal white rot
caused by Pycnoporus cinnabarinus on P. fortunei
trees at a commercial plantation.
DISCUSSION
Whilst other wood and butt rot-associated
basidiomycetes (eg Heteroporns biennis (2)) have
been recorded on Paulownia this is the first report of
Pycnoporns cinnabarinus infecting these trees.
Pycnoporus is causing major damage to the trees,
and is very widely spread. It is likely to result in
major losses in timber production and will cause
significant numbers of tree deaths.
Further trials now need to be conducted in the
field to determine whether the fungicides tested are
able to control the fungus in heavily infected trees in
the field.
ACKNOWLEDGEMENTS
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RESULTS
Trees at two plantations were observed to have
mature fruiting bodies erupting through the bark,
which readily peeled away to expose the rotting wood
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mIDBITION OF PHYTOPHTHORA CINNAMOMI CHLAMYDOSPORE BY
ACACIA PULCHELLA
1

A.U. Jayasekera 1, I.A. McComb\ G,E.St.J. Hardyl & B.L. Shearer &2
IBiology and Biotechnology, Murdoch University, Murdoch 6150, Western Australia
2CALM Science, 50 Hayman Rd., Como 6152, Western Australia

INTRODUCTION
The main survival structures of P. cinnamoml In
the soil are chlamydospores and oospores (1).
However, only the A2 mating type is present in the

jarrah

forest

of Western

AustraHa,

therefore

chlamydospores are considered the common survival
structures for P. cinnamomi (2).
Previous studies have shown that Acacia
pulchella, a common understorey species in the jarrah
forest, A. pulchella can reduce sporangial production
of P. cinnamomi in the soil (3). However, no

infonnation is available regarding its effects on

•

chlamydospores.
If A. pulchella was to be used as a biological
control tool in controlling P. cinnamomi it is

important to determine if chlamydospore production
and viability are influenced by A. pulchella. We
report here on the effect of root exudates of A.
pulchella on P. cinnamomi chlamydosporese.

RESULTS
A significantly (P < 0.05)higher number of lysed
chlamydospores and a lower number of germinating
chIamydospores (Fig. 2) were found in the A.
pulchella root exudates compared to the control
solutions from the tubes withoutA. pulchella plants.

MATERIALS AND METHODS
Establishment ofA. pulchella plants
Surface sterilized A. pulchella var. goadbyi seeds
were genninated on water agar and seedlings were
transferred to tubes of sterile poly-propylene beads
(Fig. 1). The plants were kept in a growth cabinet
illuminated with fluorescent and incandescent lamps
with a 14/10 h light/dark regime at 24°C. The plants
were fed weekly first with 5ml of the nutrient
medium (4) for 4-6 weeks, then increased to 10-15
ml. The control was the containers of beads without
A. pulchella plants.

•

Figure 1 A. pulchella in the growth container.

Collection of root exudates
When the plants were 7 months old the nutrient
solution in tubes with plants and controls was
replaced by 20 ml sterile distilled water and left for
48 h. The solution was collected and filter sterilized
with 0 .22 11m filters and used for bioassays with the
chlamydospores.
Production ofaxenic chlamydospores
Chlamydospore suspensions were made (5) with P.
cinnamomi (isolate 97-16).
Bioassay
1 J.ll aliquots of chlamydospore suspension (~ 25
spores) were pipetted into the wells of cavity slides
and 30 III of root exudates was added into each slide.
This was repeated for the control. Four slides per
treatment were prepared and placed in 15 em Petri
dishes which were lined with moist filter paper and
left at room temperature for 24 h. The numbers of
lysed, germinating and intact chlamydospores were
counted under a light microscope. The experiment
was repeated 3 times.

Intact

Lysed

Gemin

Treatments

Figure 2 Effect of root exudates of A. pulchella on
the chlamydospores of P. cinnamomi. Bars
represent the two treatments; 0 root exudates and
II control

DISCUSSION
A high proportion of chlamydospore were inactivated
in the root exudates solution fonn A. pulchella. This
is likely to be a contributing factor to the low
inoculum levels of P. cinnamomi under A. pulchella
REFERENCES
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'TWO NEW ANAMORPHS OF MYCOSPHAERELLA ASSOCIATED WITH
FOLIAR LESIONS OF EUCALYPTUS DUNNII
G. Whyte, T.!. Burgess, P.A. Barber and G.E.StJ. Hardy
School of Biological sciences, Murdoch University, ,Murdoch, 6150, W.A.,

INlRODUCTION
Eucalyptus dunnii is a fast growing eucalypt
species that has recently been propagated in
plantations in southern Queensland. Mycosphaerella
species and their anamorphs are commonly
associated with foliar lesions in these plantations.
MycosphaereUa is a diverse genera that has been
studied extensively on Eucalyptus. It is likely that
there are many tmdescribed species (1).
Two new species of fungi have been isolated
from foliar lesions of E. dunnii. Sporocarps were
originally isolated from the same lesions and then
later separately on other hosts. In this paper,
descriptions of the species are presented and their coexisting relationship as pathogens is discussed.

•

MATERIALS AND METHODS
Symptoms and Isolation Foliage of Eucalyptus
dunnii was collected in May 2004. Sporocarps of
each species were examined and streaked onto 2%
at 25 C'.

Classical taxonomy The conidia and conidiogenesis
of each species was examined in vivo and in vitro at
high magnification and described. The spores
produced in culture are larger and more elongate than
those produced on foliage in fruiting bodies.

Figure 3
sp. (A) cross-section
pycnidium (B) conidiogenous cell and conidia.

Figure 4 Colletogloeopsis sp.
cross section of an
acervulus and (B) mycelia producing conidia.
Figul'e 1. (A) typical lesion (B) one species has
larger, solitary acervuli. For the other species the
sporocarps are pycnidial and gregarious.

•

Phylogeny. The entire ITSI-5.8S-ITS2 region of the
rDNA of isolates of each species were amplified by
PCR and sequenced. Resulting sequences were
compared with Genbank sequences using a blast
search and aligned with most closely related species.

""

M. nublfosa

C. zulusnse

..........--1 1fI/. ,..olferia"sfM. vespa
Coniothyrlu,.. sp.

DISCUSSION
When foliage of E. dunnii was first examined,
sporocarps of both the Phaeophleospora sp. and the
Colletogloeopsis sp. were found co-occuring on
lesions. The pycnidia of the Phaeophleospora sp.
were associated with every lesion whilst the acervuli
of the Colletogloeopsis sp. occurred on fewer lesions.
It
was
therefore
hypothesized
that
the
Phaeophleospora sp. is the primary pathogen and the
Colletogloeopsis sp. is secondary. The two species
were later found co-occuring on foliage E. grandis ,
providing support for this hypothesis.
However, the Colletogloeopsis sp. was later
isolated from foliage of E. globulus in the absence of
the Phaeophleospora sp. Research is required to
detennine the pathogenicity of these species.

Coniothyrfu", sp.

, - - , Colletogloeopsis sp. nov.

Phaeophleospora sp. nov.

"

'""

M. 'ofedana

'""

M. crypfica

L-_'!.!"~"-

1fI/. suttonia ..

~M"ori
M.

dk

pawa
M.latera/is
{3otryosphaeria ribis
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Figure 2. Bootstrap consensus tree indicating
relationship between the new species and closely
related species. The tree is rooted to
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GENE FLOW OF THE CANKER PATHOGEN BOTRYOSPHAERIA AUSTRALIS
BETWEEN PLANTATIONS AND NATIVE EUCALVPT FORESTS
T.!. Burgess, M. Sakalidis and G.E.StJ. Hardy
Murdoch University, South St, Murdoch, Western Australia, 6150, Australia
INTRODUCTION
The plantation industry in Western Australia
provides a unique opportunity to study the movement
of pathogens between closely related· host taxa.
Eucalyptus globulus, a native to Tasmania and southeastern Australia, is the predominant species in
Western Australian plantations, often being planted
adjacent to native forest containing E. marginata and
E. diversicolor. Since the commencement of the
plantation industry 20 years ago, several fungal
species, previously known only to eastern Australia
or overseas, have been reported on E. globulus in
Western Australia. Botryosphaeria australis is a
newly described species only recently found causing
cankers on Acacia spp. in eastern Australia. During a
routine survey, its presence was found on E. globulus
in Western Australia.
MATERIALS AND METHODS
Isolation Two Eucalyptus globulus plantations (2-3
yo) were selected near Denmark (Fig. 1) at Warne
(W) and ealstarnon (e). Each plantation (P) was
adjacent to remnant native (N) forest. Isolates were
also collected throughout the region. Botyrosphaeria
spp. were isolated from the non-symptomatic twigs.
Different species were identified by their culrore
characteristics and the identity confirmed by
sequencing the ITS region (data not shown). The
majori of isolates wereB. australis,.

.Malljimup

N

•

t

•

Denmark

•Albany

1.00 km

Figure 1. South-western Australia indicating the
regions surveyed during this srody.
SSR-PCR DNA was extracted and each is01ate was
subjected to SSR PCR using 6 polymorphic markers
(1). Gene and genotypic diversity, population
differentiation and gene flow were calculated (2)
RESULTS
X2 tests indicate no significant (P>0.05)
differences in gene diversity amongst clone cOlTected
'Callistemon popUlations of B. australis from the
plantation (CPC and CPF) and adjacent native forest
(eN) or between Warne plantation (WP) and native
forest (WN) (Tablel). This means that all isolates at
each site can be combined.
2

Table 1. Gene diversity (H) and contingency X tests
for differences in allele frequencies for the 6
polymorphic SSR loci across clone corrected
populations of Botryosphaeria australis, from (A)
Callistemon plantation and (B) Vtlame plantation.

(
B

l
Locus
BotA

1
BotF1

5
BotF1

9
BotF2

1
BotF2
3
BotFl
5
N

MEA
N

CN
0.4
0
0.5
7
0.6

•
•
,

0.4
0.2

0.4
5
21
0.4
8

CP
C
0.1
3
0.6
1
0.7
7
0.2
5
0.3
6
0.2
5

"

0.4
0

CP

W

W

F

N

P

0.1
0
0.6

0.1
8
0.5
8
0.8
0
0.3
4
0.1
8
0.1
8
10
0.3
8

0.3
6
0.5
7
0.7
2
0.4
5
0.3
4
0.1
3
14
0.4
3

•

D.•

1
0.2
8
0.2
8
0.4
4
18
0.4
0

X'

d

X'

f

10.
1
6.'

1
0
4

10.
8
6.0

1
0
6

6.0

4

10.
5

1
0

d
f

3.
6
1.
1
6.
8
3.
0
O.
5
O.
1

3
2
5
4

There was significant population differentiation
and restricted gene flow between the region and the
Callistemon site (P<O.OOl) and the region and the
Warne site (P<O.05).

Table 2. Pairwise comparisons of population
differentiation (above the diagonal) and gene flow
(below the diagonal) among clone corrected
populations of Botryosphaeria australis from Warne
and Callistemon plantations and and native forests
throughout south-western Australia.
Region
Region
Callistemon
Warne

• P"mb"rtnu
Northcliff

(Al

Gene diversity (H)

Callistemon
0.068***

0.047*

0.020

6.9
10.1

Warne

24.5

DISCUSSION
There was no restriction to gene flow between the
plantations and the adjacent native forest.
Botyropsphaeria australis has now been isolated
from a wide range of hosts across south-western
Australia. This extensive distribution suggests that B.
australis is native to Western Australia. Thus, whilst
the study demonstrates the ability of a pathogen to
move between plantation and forests, in this case the
movement is from the native forest to the plantations.
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EPIDEMIOLOGY OF ALTERNARIA BLIGHT OF PAULOWNIA
C.E. Pleysier, K.L. Bayliss, B. DelJ and G.E.S!. Hardy
Biological Sciences and Biotechnology,
Murdoch University
South St, Murdoch, Western Australia 6150

INTRODUCTION
Paulownia trees are indigenous to China, where

they are found in all regions from the sub~tropical
south, to the plains and mountainous areas in the
north. In Australia, a number of Paulownia
plantations have been established in recent years as
the timber is a valuable resource with strong export
potentiaL The main species grown are P. fortunei and
P. tomentosa.

•

In Western Australia, major plantations have
been established to the north of Perth, in a
Mediterranean environment with inigation and
fertigation over the summer months. At some sites
the trees are subject to strong winds that can cause
significant physical damage to the large leaves, and
sunscald also has a major impact on tree growth .
In addition to abiotic factors affecting the health
of the trees, foliar diseases are also present.
Alternaria blight (1) and a phytoplasma-associated
disease (2) have been reported, and other pathogens
are regularly being identified. Here we outline some
of the major findings from research being conducted
on Alternaria blight of Paulownia in Western
Australia.
MATERIALS AND METHODS

Isolates of Alternaria
Isolates were collected and identified by Ray et al
(1 ).

•

Epidemiology of Alternaria blight
A spore trap was established in the field in 2003
to monitor the number of Alternaria alternata spores
in relation to environmental conditions. Weather data
were obtained from a weather station on site and
from the Bureau of Meteorology .
A range of experiments were also conducted on
excised leaves in vitro to detennine the role of
temperature, humidity, and free moisture on
development of lesions by Alternaria. Host factors
including leaf age and the presence of wounds were
also assessed.

Fig. 1 Number of Alternaria alternata spores trapped
in the field, August-October 2004.

CONCLUSIONS
The observations in this study have implications
for management of Alternaria blight of Paulownia in
Australian plantations. Management strategies may
include the establishment of windbreaks around
plantations, and rigorous insect control to minimize
physical damage and wounding of leaves. Further
work is continuing to investigate other factors
influencing the epidemiology of this disease and
possible methods of control.
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RESULTS AND DISCUSSION
Spore numbers in the field varied over time
(Figure 1), and there was some correlation with
environmental conditions such as humidity and
rainfall. This study will be confinned following a
third season of spore trapping.
Experiments conducted in vitro confinned that
the optimum conditions for lesion development were
incubation at 25°C with 98-100% relative humidity.
Wounded leaf tissue was significantly more
susceptible to infection than non-wounded leaf tissue
and senescent leaves were more susceptible than
newly-emerged leaves. These results correlate well
with field observations.
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INTRODUCTION
Eucalypts are highly favored plantation species in
Asia as they are fast growing and easy to cultivate.
Phaeophleospora destructans causes leaf blight that
leads to premature defoliation, reduced growth and
vigour, and in some instances tree death within
plantations. The disease was fIrst described from 1-3
years old E. grandis in Sumatra, Indonesia (1). Since
then it has been found in Thailand, central and
northern Vietnam and East Timor (2). Besides E.
grandis, P. destrnctans has been isolated from other
eucalypts including clones of E. camaldulensis and
E.
urophylla
(native
in
East
Timor).
Phaeophleospora destructans has not been found in
Australia and its potential impact on native eucalypt
forests is unknown.
MATERIALS AND METHODS
Survey Three eucalypt growing regions in China
were visited and surveyed between November 2003
and July 2004. These were southern Guang Xi,
Leizhou Peninsula of Guangdong Province and
Hainan Dao. Several production nurseries and
plantations were inspected and disease symptoms
were recorded and material collected for
identification. Isolates were identified using classic
and molecular taxonomy.
RESULTS
Observations Severe leaf blight was observed in
many nurseries and young plantations. Many leaves
had dropped, but early symptoms could be seen.
These included large chlorotic lesions not delineated
by veins with masses of black fruiting bodies on the
undersurface of the leaves (Fig IB).

These symptoms are typical of P. destruelans,
although in some cases early infection caused by P.
eucalypti can appear similar (Fig. 1C). In some
young plantations on the Leizhou Peninsula, vein
limited purplish lesions were observed on older
leaves, these are typical of P. eppicocoides (Fig. lA).
ill some cases, both lesion types were observed on
the same tree.
Identification Using culture and spore morphology
in conjunction with sequencing of ITS region, P.
destructans and P. eppieocoides were identified from
all regions surveyed.
DISCUSSION
In Asia, P. destructans has only been reported
from eucalypts, and eucalypts are not native (except
in east Timor). One possibility that has been
suggested is that it is native to Australia and has been
introduced to Asia on gennplasm. However, P.
destructans has not been reported in Australia and
currently appears to be restricted to South East Asia
and China. As the symptoms are obvious and the
impact so extensive, it can be assumed that it would
have been recorded earlier than 1996 if its
distribution was extensive. However, it is most likely
that it emerged as a major disease for the first time in
the wet tropics in Northern Sumatra and has been
distributed throughout Asia on infected gennplasm
(seed or cuttings).
The present geographically isolated distribution
in China suggests that the pathogen has been
introduced in recent times and has been dispersed
with nursery mother stock. East Timor is a potential
origin for the pathogen and its occurrence on native
E, urophylla and other eucalypts in the region needs
to be explored and molecular tools used to identifY
population structures.
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Figure 2. Comparison of three Phaeophleospora
spp. Symptoms of (A) P. eppicocoides on leaves of
E. pellita from Queensland. Australia, (B) P.
eucalypti on leaves of E. grandis, from Queensland,
Australia ,(C) P. destructans on leaves of E.
urophylla hybrids from Guangdong Province,
China. Upper photo adaxial surface, lower photo
abaxial surface. Sporulation on abaxial surface.
Bar~ 10 mm
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INTRODUCTION
Western Australia (WA) produces ware potatoes for
consumption and seed potatoes for export. In WA,
potatoes are produced in a number of regions
including the Perth metropolitan area, Harvey,
Donneybrook, Margaret River, Manjimup, Albany,
Mt. Barker, Myaiup, Baldivis and Esperance.
One of the most economically important
pathogens of potato is the soil-borne fungus
Rhizoctonia solani. This pathogen causes a number
of diseases that affect the tubers, stems and stolons of
potato plants. R. so/ani is a complex species with
isolates being divided into anastomosis groups (AG)
[1]. Further characterization of AG's has been based
on differences in the frequency of hyphal
anastomosis, DNA homology, the pectic zymogram
system and other morphological characteristics [1, 2].
Previous surveys of potato crops in WA have
identified R. solani as a serious pathogen but failed to
characterise further what AG's of R. so/ani were
present. We have undertaken a survey of isolates of
R. so/ani from potato crops in WA to determine the
principal AG's present.
MATERIALS AND METHODS
Surveys A survey for Rhizoctonia so/ani was
conducted in potato crops in the major horticultural
regions of WA. Isolates were obtained from lesions
on stems, stolons and roots of potato plants sampled.
Isolations were also made from sclerotes adhering to
plant material and tubers.

•

Characterisation of isolates Rhizoctonia isolates
from the samples collected were detennined to be
binucleate or multinucleate using a fluorescence
staining technique [3].
Multinucleate R. solani
isolates were grouped on colony morphology and
anastomois groups determined by pairing isolates
against tester isolates from AG I through AG II [4].
Isolates were also further analysed by pectic
zymogram [2] and RFLP of the ITS region of the
and
rDNA, using the primer pair ITSlIITS4
restriction enzymes EcoRI, HaeIII and TaqI [5].
RESULTS
A total of 140 isolates of Rhizoctonia solani were
obtained from stern, stolon and root material, and
from tuber-borne sclerotia. The majority of isolates
were identified as belonging to AG 3, with the
remainder belonging to AG 4, AG 2-2 and an
undetermined anastomosis group.
Variation within the anastomosis groups was
analysed using pectic zymogram analysis and RFLP
of the ITS region of the rDNA. AG 3 isolates were
grouped to two zymogram patterns, ZG 7-1 and ZG
7-2. Isolates belonging to AG 2-2 also produced two
zymogram patterns (ZG 4 and an urunatched pattern)
and all of the AG 4 isolates produced a single
zymogram pattern. as did the isolates of unidentifled
anastomosis group.

RFLP analysis of the ITS region of the rDNA
differentiated between the anastomosis groups of R.
solani collected, but did not detect variation within
the anastomosis groups.
The AG classification of the isolates varied
according to the region from which they were
isolated. Those from properties in the Myalup region
were classed mainly as AG 3 (ZG 7-1). In contrast,
the isolates from the Nannup and Porongurup's
regions were mainly AG 2-2 (ZG 4).
DISCUSSION
This study has clearly identified that Rhizoctonia
diseases of potatoes in Western Australia involve a
combination of R. solani anastomosis groups and
subgroups. This is the first record of R. solani
anastomosis groups 2-2 and 4 being reported in
association with potato crops in Western Australia.
A survey of isolates from across a wide area of the
state shows that a single type tends to predominate in
each area.
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Botryosphaeria spp. are common endophytes and
latent pathogens of woody hosts causing a wide range
of symptoms such as shoot blights, cankers and fruit
rot. The taxonomy of this genus has been confused
due to the similarity of the teleomorph and
overlapping characteristics of the anarnorphs. (I)
Recently DNA sequence data has been used
successfully in conjunction with morphological
characteristics to resolve taxonomic questions (1, 2).
ill particular cryptic species such as B. ribis and B.
parva, which have overlapping morphological
characteristics, have been clearly separated based
upon sequence data (2). However, we now have a
number of isolates from eucalypts in Australia that do
not fall neatly into either B. riMs or B. parva
suggesting either a species complex or a complex of
species. Various scenarios for these isolates were
tested the morphological, biological and phylogenetic
species concepts.

MATERIALS AND METHODS AND RESULTS
Isolates considered in this study were isolated from
eucalypts and other woody plants in Australia. For
comparison purposes the type cultures of B. ribis
(CMW7772 and 7773) and B. parva (CMW9080)
were also included.
Morphology: Pycnidia of the various isolates were
induced on tap water agar overlaid with sterile
eucalypt twigs. Both hyaline, fusoid (Fusicoccum)
and pigmented, irregular (Dichomera synanamorph)
spore types were found (Fig. I).
Phylogenetics: Multiple gene genealogies using four
gene regions; ITS, EF, CHS, and RPB2, were
investigated. The topology of the combined gene tree
indicates four distinct well supported clades (Fig. 2).

•

1

Clade II

Clade IV
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Figure
Unrooted phylogram of the most
parsimonious tree of 46 steps. Bootstrap values
are depicted next to the branch.
Pathogenicity: Pathogenicity tests were conducted
on excised stems of Eucalyptus globulus (approx Scm
diam.). Stems were underbark inoculated in the
center and lesion length determined after 9 days.
Pathogenicity varied between isolates but there was
no correlation between, phylogenetic grouping, host
or geographical region (Fig. 3).

Figure 1 Spore types from the B. rihis-B. parva
complex. (A) Fusiform, hyaline spores. (B)
irregular dark spores. Bar"" 1 0 JIm
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Figure 3 Mean lesion length of excised stems of E.
glohulus stems inoculated with different isolates.
Bars represent the standard errors of the mean.
Clade number indicated in brackets.

DISCUSSION
In accordance with the Phylogenetic Species
Concept, the data based on analysis of 4 gene regions
indicates multiple species existing within the B. ribisB. parva species complex. However under the more
traditional Morphological Species Concept the data
indicates the existence of two species (the type
specimens of B. riMs and B. parva are virtually
As these
identical based on morphology) (2).
pathogens cause problems in a wide range of hosts
worldwide this becomes a concern as host range may
expand and result in "super pathogens". This study
highlights problems associated with taxonomy in
fungal species-limit of species definition when based
on morphology. Further work is currently being done
in sequencing the mitochondrial genome to give indepth population specific information.
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INTRODUCTION
Tuart (Eucalyptus gomphocephala) is a
magnificent woodland tree endemic to the Swan
Coastal Plain of Western Australia that has been
undergoing a severe decline in health in the Yalgorup
National Park, south of Perth, since the early 1990's.
In common with the majority of eucalypt species
occurring in native forests of Australia, very little is
known about the fungi infecting the foliage and stem
tissue.
Some of the most widespread and destructive
foliar pathogens of eucalypts in the world belong to
the genus Mycosphaerella. The two species that have
been largely responsible for disease epidemics in
Australia are M cryptica (Cooke) Hansf. and M
nubilosa (Cooke) Hansf. (I, 3, 4) There have been
no published accounts of Mycosphaerella spp.
occurring on tuart in native forests ofW.A.
This paper discusses a number of new records of
Adycosphaerella associated with severe damage on
regenerating stands of E. gomphocephala in native
forests of W.A. The pattern of gennination of these
species over a 48 hour period is discussed in detail.
In addition, the morphological and molecular
characteristics of a new species are presented.
MATERIALS AND METHODS
Ascospores were ejected onto 2% malt extract agar to
observe the germination pattern according to Park &
Keane (2). The entire ITSI-5.8S-ITS2 region of the
rDNA of isolates of each species were amplified by
PCR and sequenced. Resulting sequences were
compared with Genbank sequences using a blast
search and aligned with most closely related species.
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Afycosphaerella cryptica, M marksii, M grandis and
a new }.;lycosphaerella species have been identified
from E. gomphocephala in native forests for the first
time. lMycosphaerella cryptica was associated with·

severe necrotic lesions on juvenile foliage of
regenerating stands at four sites. The new species of
Mycosphaerella was only found at one site within
Yalgorup National Park, associated with very small,
distinct lesions. A blast search of GenBank using ITS
sequence placed this species with Mycosphaerella
being most similar to M bellula, M grandis and M
parva. The new species was separated from these
other species with 100% bootstrap support.
DISCUSSION
These findings are the first published account of
Mycosphaerella
spp.
associated
with
E.
gomphocephala growing in native forests.
The
widespread occurrence and impact of Mcryptica on
tuart suggests that either its presence has been
overlooked in the past, or it has recently spread from
plantations or nearby native forest. Either way, its
impact upon regenerating stands is of concern to
restoration ecologists and management of tuart
regeneration in the future. The discovery of a new
species of .Mycosphaerella on tuatt highlights the
need for further studies.
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Figure 9 Bootstrap consensus tree indicating the
relationship between the new species and closely
related Mycosphaerella spp.
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MORPHOLOGY OF THE MICROCYCLIC RUST FUNGUS,
PUCCINIA BORONIAE, IN WESTERN AUSTRALIA
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INTRODUCTION
Boronia is an aromatic Australian native
wildflower. Several species endemic to Western
Australia are commercially cultivated for the cut
flower market.
Puccinia boroniae is an important rust pathogen
of the two most common Boronia species grown
commercially, B. heterophylla and B. megastigma,
and was fITst described by Hennings in 1903 (I),
Only the tetial stage has been observed in the field
and recorded. P. boroniae has been described as a
microcyclic rust fungus with teliospores able to
germinate without a period of dormancy, however no
reference to germination structures or host
inoculations confirming this have been published.

Figs 1-5 Morphology of spore stages of P. boroniae.
1. Telia; 2. Teliospores; 3. Pycnia; 4. Metabasidium
with developing sterigma (arrow); 5. Mature
basidiospore (Es) on sterigma (St),
Irrnn, 25~m, 0.25nrrn, 20~m, 20~m,

Bars (1-5)

~

The objectives of this study were to provide a
current and detailed morphological description of the
various spore stages observed in the field, to describe
the
teliospore
gennination
structures
and
basidiospores, and to confinn the lifecyc1e of P.
boroniae.
MATERIALS AND METHODS
The morphology of the telial and pycnial spore

stages, and teliospore gennination characteristics of
P. boroniae were examined by light and scanning
electron microscopy, utilising herbarium and fresh
specimens. Spores were removed from the sori and
mounted in lactoglycerol for analysis. The structure
of the telium, pycnium and inter/intracellular fungal
structures was examined in cleared and stained
handsections, using a modified version of Quilliam
and Shattock (2),

Teliospore gennination was examined by
exposing intact telia to moisture for 1-4 h at 15 ± 1
°C in the dark, plating onto 2% distilled water agar
plates and incubating at 10-25 °C. Telia were
examined for gennination between 1-24 h.
Healthy B. heterophylla plants were inoculated
with basidiospores of P. boroniae by placing
branches heavily infected with telia on the canopy of
the plants, and incubating at high humidity in a

Teliospores germinated without donnancy,
producing a septate metabasidium on which a single,
ovate to elliptical basidiospore developed on a
sterigma at the sub-terminal end (Figs 4 and 5),

Telia were observed on B. heterophylla 21 days
after inoculation; pycnia were not observed.
DISCUSSION

This study reports for the first time descriptions
ofteliospore germination, basidiospore formation and
pycnia of P. boroniae. It was also conclusively
shown that P. boroniae is microcyclic. This is the
first record of the pycnial stage of P. boroniae, with
no other collections from different host species or
locations in Western Australia observed to exhibit the
pycnial stage. Currently it is unknown whether the
pycrual stage is still functional in the lifecycle of the
rust fungus.

growth cabinet (20°C, 12 h photoperiod),
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UNUSUAL BASIDIAL DEVELOPMENT AND NUCLEAR BERAVIOUR IN
THE MICROCYCLIC RUST FUNGUS PUCCINlA BORONIAE

•
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INTRODUCTION
Rust fungi exhibit a large diversity in their
basidial development (2). The typical cycle
represented in many textbooks is a haploid binucleate

teliospore undergoing karyogamy and meiosis to
germinate and produce four haploid basidiospores on

a four celled metabasidium. This behaviour is most
often seen in the macro- and demicyclic rust species.
However, great variation from this 'nonn' is often
present in microcyclic rust species (2).
Puccinia boroniae is a microcyclic rust species

endemic to Australia. The objectives of this study

Nuclear behaviour. Immature teliospores were
initially binucleate undergoing karyogamy to form a
single large (presumably diploid) nucleus (Fig 2A).

The nucleus migrated into the developing
metabasidium (Fig 2B). dividing to fonn two nuclei
(Fig 2C). Both bi- and tetranucleate metabasidia (Fig
2D) were observed in approximately equal

occurrences. The point at which the second division
occurred was not captured. Migration of the nuclei
from the metabasidium into the basidiospore was not
observed in the experiment. Mature uni-, bi- and
tetranucleate basidiospores were observed (Fig 2E,

were to examine basidial development over time, and
the nuclear behaviour during teliospore germination.

•

MATERIALS AND METHODS

Basidial development over time. Telia of P.
boroniae were briefly soaked (10 min) in sterile
distilled water. Whole telia were placed upright on a
2 % DWA plate. Moist filter paper was attached to
the lid of the Petri dish (to ensure high humidity) and
incubated at 15 ± I "C (optimal temperature) in the

dark. Telia were monitored initially every 30 min for
3 h, then at hourly intervals for 8 h, and then at 24 h.

Nuclear behaviour. Germinating teliospores and
basidiospores were gently removed from the telium,
stained with the fluorescent stain DAPI and examined
under a fluorescent microscope.
RESULTS

Basidial development. Teliospore germination
began within 1-1.5 h after exposure to moisture.
Metabasidia were apparent, extruding through the
germ pore of either the apical Of basal teliospore cell.
Within 2 h, the entire teliospore cellular contents had
migrated into the elongated metabasidium. At this
stage, metabasidia were observed to curve, with a
septum laid down at the proximal end either prior to
or after curvature of the metabasidium had occurred
(Fig IA).

Within

2~3

h, a single sterigma was

observed, with a basidiospore initial attached (Fig
lB). After 3 h, the first fully mature basidiospores

were apparent, either attached to the sterigma (Fig
1C) or cast onto the DWA plate. Mature
basidiospores were continually formed over the next
4--24 h.

Figure 2 DAPI stained nuclei of P. boroniae during
teliospore germination. Bar (aU) ~ 10 !lm.
DISCUSSION

The relatively rapid (and sequential) fonnation of
basidiospores of P. boroniae is similar to other
micro cyclic rust species and suggests that under
optimal field conditions, a rapid build-up in inoculum
would result. Consistent and reproducible formation
of a single basidiospore indicated this to be the
normal behaviour of P. boroniae. Though this
development is unusual, it has been reported for P.
rutainsulara and Uromyces alyxiae (1).
The nuclear behaviour of P. boroniae could not
be definitively concluded in this study. The
behaviour seen was similar to that reported for
several micro cyclic rust species endemic to Hawaii
(1). Two theories are suggested: (0 meiosis occurs in
the metabasidiurn with 1--4 nuclei migrating into the
basidiospore, and (iO one or two successive miotic
divisions occur in the metabasidium, with one
(diploid) nucleus migrating into the basidiospore,
dividing by meiosis into 4 haploid nuclei. Further
investigations are underway.
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