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Welcome to the Seventh Australasian Soilborne Diseases Symposium
The first Australasian Soilborne Diseases Symposium was held on the Gold Coast in 1999, and was
followed by successful meetings at Lorne, the Barossa Valley, Christchurch, Thredbo and the Sunshine
Coast. This, the 7th symposium, is sited in Western Australia at Fremantle on the Indian Ocean coast at
the mouth of the Swan River. The symposium sessions will be presented over two and a half days
finishing with lunch on 20th September 2012.
The organising committee of this Symposium has endeavoured to continue the tradition of bringing
together plant pathologists and other biologists who have an interest in the soil environment. The
meeting has a strong focus on pathogenic and beneficial soil organisms and the time has been set aside
for discussion to contribute to the camaraderie that is always experienced by participants. Delegates will
present offered papers on research on soil ecology, pathology and plant-microbe interactions alongside
Key Note and invited speakers across that spectrum.
In order to capture the state-of-the-art soil-borne diseases research presented at the 7th Australasian
Soilborne Disease Symposium, authors of key note, oral and poster papers are invited to submit a full
journal paper to be published in a special issue of the Australasian Plant Pathology Journal. All
manuscripts will undergo full peer review to the usual high standards of Australasian Plant Pathology.
Our intention is that this Special Issue of Australasian Plant Pathology will provide a current and
important compendium of work on the topic of soil borne disease biology and control.
As agreed by the organisers of the 6th ASDS, the organising committee of this Symposium undertake to
manage any profits through the APPS to provide start-up funds for use by the organising committee of
the 8th ASDS. We will also provide a financial statement and a summary of delegate feedback in a
report to the APPS Management Committee within three months of the meeting to assist with planning
for the next Symposium
We hope that you enjoy the Symposium, the venue and the discussions.
Bill MacLeod - Convener, Organising Committee, 7th ASDS
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KEYNOTE SPEAKERS
Dr Robin Oliver is a Technical Manager in Syngenta’s Product Safety organisation and has technical
responsibility for environmental fate and behaviour studies. He completed a PhD in Agricultural
Chemistry at Glasgow University and has 20 years experience in plant and soil metabolism. Research
interests include degradation by anaerobes, phototrophs and indirect photolysis.

Dr Timothy Paulitz is a research plant pathologist with the USDA Agriculture Research Service in
Pullman, WA, USA. He investigates root diseases and soilborne pathogens of wheat, barley, Brassicas
and other rotation crops, with an emphasis on Rhizoctonia, Pythium, and Fusarium. He has focused on
the ecology, epidemiology, spatial analysis and molecular detection and quantification of soilborne
pathogens, and the development of cultural management techniques for root diseases, especially in
direct-seed systems.

Dr. Sabine Ravnskov is employed as Associate Professor at Aarhus University, covering research in
and teaching of microbial interactions in soil and roots with special emphasis on arbuscular mycorrhiza
(AM) and pathogen interactions in relation to plant health. Main approach in her fundamental research is
to reveal mechanisms behind the antagonistic potential of AM fungi against plant pathogens, and to
study functional compatibility between plant and fungus in AM symbioses. Dr. Ravnskovs more applied
research profile focus on biological plant disease management

INVITED SPEAKERS

Professor Lyn Abbott’s research focuses on soil biology in sustainable agricultural systems as well as
disturbed natural ecosystems. She has had a long-term interest in research that increases the efficiency
of fertiliser use in farming systems and the role of soil biological processes in restoration of disturbed
environments. This includes understanding the roles of arbuscular mycorrhizal fungi, the use of soil
amendments such as biochar, biosolids, compost and clay to enhance soil biological fertility, indicators
of soil quality, and microbial dynamics in soil. She has run many soil biology workshops for farmers and
recently led the establishment of the Monitoring Soil Science project for schools in collaboration with the
SPICE Program at The University of Western Australia and the International Union of Soil Sciences
(IUSS). She developed the online learning resource “Soils are Alive” for farmers as well as other webbased information about soil biology, and participates in activities that help bridge the gap between
science and land management. Professor Abbott is currently the Vice Dean of the Faculty of Natural
and Agricultural Sciences at The University of Western Australia.

Sue Cross is the Head of Development in the crop protection division of Bayer CropScience, Australia.
She migrated to Australia almost 25 years ago, after completing a BSc. in Agricultural Science at
Nottingham University, UK. Most of her career has been spent working in various plant protection
positions in the agricultural chemical industry, although she has also spent some time working in the
area of plant disease control both in the Australian public sector and at the international agricultural
research institutes ICRISAT and AVRDC. She has recently returned to Australia from a position at the
global headquarters of Bayer CropScience in Germany.

Dr Graham Stirling has an interest in the suppressive forces that regulate nematode populations, and
how they are affected by practices such as fallowing, crop rotation, residue retention and tillage. Dr.
Stirling has worked on numerous agricultural and horticultural crops for more than 40 years, and in his
invited paper, he will discuss the role of carbon inputs from crop residues and roots in enhancing
biological suppressiveness to root-knot and root lesion nematode on sugarcane. He will then outline the
nematode management practices found to be effective in sugarcane and consider how they might be
modified for use in cereal and vegetable cropping systems.

7th Australasian Soilborne Diseases Symposium
MONDAY 17 SEPTEMBER
15:00

Registration and poster hanging – Drill Hall

17:30

Welcome Reception – Fremantle Maritime Museum

TUESDAY 18 SEPTEMBER
Presenter
08:00

Poster Hanging and Registration
Opening of Symposium
Professor Lyn Beazley, Chief Scientist of Western Australia

08:50
Chair – Elaine Davison
Keynote

Paper Title

Chemical control of soil-borne diseases

Robin Oliver

The fate of chemicals delivered into the soil for disease control

Paul Bogacki

New coded fungicides and application methods for control of rhizoctonia
bare patch

10.15

MORNING TEA

10:45

Chair – Daniel Hüberli

Bayer Crop Science Session - Chemical control of soilborne diseases

Invited
Presentation

Susan Cross

Penflufen: a new succinate-dehydogenase inhibitor fungicide for the
control of Rhizoctonia solani in cereals

Desmond Auer

Effect of zinc on Rhizoctonia disease on hydroponically-grown potatoes

Elaine Davison

Use of metham sodium to eliminate Phytophthora spp. from roading
gravel

Renee-Claire Hartley

Containment and eradication of Phytophthora cinnamomi in natural
ecosystems

12:00

Poster session 1 - Nematology

12:20

LUNCH

13:05
13:25

Poster session 2 – Root diseases of field crops
Chair – Robin Oliver

Chemical control of soil-borne diseases

Michael Matheron
Elizabeth Minchinton

Strategies for managing sclerotinia drop of lettuce
Strategies for control of parsnip canker in south eastern Australia

Paul Storer

The impact of various knockdown and pre-emergent herbicides on
beneficial soil biology and wheat yield

Tamilarasan Thangaval
Facilitator – Bill
MacLeod
15:00
15:30

Enhanced suberin production in novel potato somaclones provides
protective bio-barrier against two key scab diseases
Open forum discussion on theme – Chemical control of soil-borne
diseases
AFTERNOON TEA

Chair – Susan Cross

Manipulating and measuring inoculum levels

Rudolf de Boer

Effects of susceptible and resistant cultivars on populations of the
potato cyst nematode (Globodera rostochiensis ro1) and on potato
yields in Victoria, Australia

Alan McKay

Cereal resistance and tolerance to pest nematodes in the southern
region

Marg Evans

Yield loss in durum wheat is related to pre-planting concentrations of
Fusarium pseudograminearum in soil

Daniel Huberli

Integrated disease management options to control rhizoctonia barepatch in wheat

Vadakattu Gupta

Rhizoctonia solani AG-8 inoculum levels in Australian soils are
influenced by crop rotation and summer rainfall

Grant Poole

Incorporating environment and PreDicta-B pathogen levels to improve
disease prediction in Western Australia

Roger Lawes

Using models to demonstrate the economic value of managing soil
borne diseases

WEDNESDAY 19 SEPTEMBER
08:30

Chair – Paul Harvey

Biological suppression of soil-borne diseases

Keynote

Timothy Paulitz

Role of microbial communities in the natural suppression of
rhizoctonia bare patch of wheat in the USA and Australia

Helen Hayden
Tony Pattison
Elizabeth Dann
10:05

Comparison of microbial communities, proteins and metabolites in
soil suppressive or conducive to rhizoctonia bare patch disease
Use of cover crops to induce suppression of fusarium wilt of
bananas
Sustainable avocado orchard practices: What are mulches and
biofertilisers actually doing?
MORNING TEA

10:35

Chair – John Howieson

Biological suppression of soil-borne diseases

Invited
presentation

Graham Stirling

The role of organic matter in enhancing suppressiveness to
plant-parasitic nematodes in sugarcane soils

Robert Kremer

Phytotoxicity assessment for potential biological control of leafy
spurge by soilborne microorganisms

Lucy Moleleki

The Interaction between root-knot nematodes and soft rot
enterobacteriaceae

Zhang Qingxia

Anti-fungal metabolites produced by Pseudomonas fluorescens FD6
and activity against the plant pathogenic Botrytis cinerea, Pythium
and Rhizoctonia solani.

11:45

Poster Session 3 – Root diseases of intensive systems

12:50

LUNCH
Poster session 4 – Microbial diversity & impact management

13:10

Chair - Tim Paulitz

Biological suppression of soil-borne diseases

Paul Harvey

Crop selection and Trichoderma Tr905 inoculation suppresses
Pythium irregulare root disease incidence and shift the genetic
structure of pathogen populations

Diwakar Kandula

Effect of Trichoderma bio-inoculant on disease control, seedling
emergence and plant growth of oilseed rape

Shahajahan Miyan
Jady Li
Facilitator – Bill MacLeod
14:45
15:15

Identification of disease suppressive soils in Western Australia
Antagonists of root-lesion nematode in vertosols from the northern
grain-growing region
Open forum discussion of Key Note theme – Natural suppression of
disease
AFTERNOON TEA

Chair – Dominie Wright

Biosecurity

Mike Jones

New approaches for plant resistance to nematode pathogens

Morag Glen

Detection of a potential pathogen, causing Azorella die-back on
Maquarie Island, using next-generation sequencing

Nigel Bell

Nematode biosecurity research in New Zealand's native estate:
risks, pathways and establishment potential

Robert Tegg

Does planting dirty potato seed really matter?

Zoe-Joy Newby

Efficacy of a risk model to predict the distribution of Phytophthora
cinnamomi in the Greater Blue Mountains WHA

Rebecca Zappia

Root pathogens detected in irrigation water of the Ord River
Irrigation Area

Melanie Whitelaw-Weckert

Ilyonectria in grapevine propagation nursery soil is a cause of young
vine decline in the riverina

Symposium Dinner

Char Char Bull Restaurant, Fremantle Fishing Boat Harbour
18:30 for19:00 start

THURSDAY 20 SEPTEMBER
08:30

Chair – Lyn Abbott

Beneficial microbes

Keynote

Sabine Ravnskov

Beneficial interactions between plants and soil microbes

Soonie Chng

Influences of earthworms in mitigating take-all in wheat

Eirian Jones

Effect of soil water potential on parasitism of Sclerotinia sclerotiorum
sclerotia by Coniothyrium minitans

Emily Rames

Effect of ginger farm management practices on soil microbial
community structure in relation to yield and disease

Michael Crone

Eradication of Phytophthora cinnamomi from black gravel graveyard
sites in the Eucalyptus marginata (jarrah) forest

10:20
10:50
Invited
Presentation
Invited
presentation

MORNING TEA
Chair – Graham Stirling

Beneficial microbes

John Howieson

Nodule bacteria: can they be considered an agent of disease?

Lyn Abbott

A local perspective on beneficial microflora: Mycorrhizal fungi

Facilitator – Bill MacLeod

Open forum discussion of Key Note theme – Beneficial microbes
Wrap up and close

12:00

LUNCH

POSTER PRESENTATIONS
Presenter

#

Paper title

POSTER SESSION 1: Nematology
Nigel Bell
33 Bacteria for reducing effects of root-knot nematode infection on tomato
seedlings
Katherine Linsell
42 Free Living Nematodes as Indicators of the Biological Status of Australia's
Cereal-Growing Soils
Kirsty Owen
44 What is the impact of Winter Grain Crops on Pratylenchus Thornei Grown in
Rotation with Tolerant and Intolerant Wheat?
Graham Stirling
49 Forage Sorghum as a Rotation Crop For Managing Root-Knot Nematodes
(Meloidogyne Spp.) on Vegetables
Graham Stirling
50 The pathogenicity of an Australian isolate of Radopholus similis on ginger
Sarah Collins
76 The Nematode with a 'Sting' in it's tail - a new challenge for Western Australia
Carla Wilkinson
83 Break Crops to Reduce Root Knot Nematode Damage on Potatoes
POSTER SESSION 2: Root disease in field crops
Benjamin Congdon
5
The Impact of Summer Rainfall Events on R.Solani Inoculum Build-Up and InCrop Expression
Susan Fletcher
10 Getting more for less: Exploring the main sources of variation in measuring
crown rot.
Vadakattu Gupta
38 Distribution of Rhizoctonia solani AG-8 in the surface soil is influenced by
cultivation
Seyed-Javad Zad
55 Population Structure of Rhizoctonia Solani AG-1-IA the Rice Sheath Blight
Pathogen, from the North of Iran
Rouya Ebrahimi
56 Application of various inoculation methods to evaluate sunflower varieties to
sclerotinia sclerotiorum under field conditions
Sebastien Martinez
59 Susceptibility to Sclerotium Oryzae and Rhizoctonia Spp. of Uruguayan Rice
Cultivars
Jason Sheedy
79 Simultaneous selection of wheat plants with resistance to root-lesion
nematodes, crown rot and yellow spot
Ravjit Khangura
81 Evaluation of fungicides for managing Sclerotinia stem rot in canola
Trevor Klein
82 Yield response following application of [difenoconazole + sedaxane +
metalaxyl-m] to wheat seed in comparison with untreated seed treatment in a
Rhizoctonia affected paddock

POSTER SESSION 3: Root disease in intensive systems
Rudolf de Boer
8
Pythium spp. associated with root rot of parsley and parsnip in Victoria,
Australia
Simon Anstis
32 Rhizoctonia Species Implicated In Onion Stunt
Hossein Golzar
37 Occurrence of charcoal rot on watermelon caused by Macrophomina
phaseolina in north western Australia
Barbara Hall
39 Pythium increases stunting in canker affected cauliflower
Len Tesoriero
52 Pythium species associated with root rot of greenhouse cucumbers in Australia
Tonya Wiechel
54 Rhizoctonia solani AG3 DNA levels in the presence of potato
Rouya Ebrahimi
57 Reaction of Sunflower Genotypes to Artificial Inoculations under Controlled
Conditions
Gugulethu Kubheka
58 Colonistion patterns of a mCherry-tagged Pectobacterium carotovorum subsp.
brasiliensis strain in different potato cultivars [ORAL presentation requestede]
Prakash Vijayamma
63 Multigene phylogeny and pathogenicity of Verticillium spp. from potatoes in
Ramakrishnan Nair
South East Australia
Elizabeth
65 Parsnip cultivar trial identifies resistance to root rots and itersonilia
Minchinton
Rudolf De Boer
69 Evaluating control options for parsley root rot in south eastern Australia
Dominie Wright
70 Root rot in Spinach Crops in Western Australia
POSTER SESSION 4: Microbial Diversity and Impact Management
Daniel Huberli
17 Fishing for Phytophthora from Western Australia's waterways: a distrution and
diversity survey
Ashraf Fallahinejad
34 Evaluation of Relative Resistance in some Selected Genotypes Mahlab
(Prunus Mahaleb L) Dwarfe of Phytophthora Species
Hun Jiat Tung
53 Assessment of Microbial Diversity in oil Palm Trunk Tissue
Nigel Crump
Caroline
Mohammed
Sonia Aghighi

66
68

Aaron Maxwell

80

78

Seed Potato Certification and its role in disease management
Management options for fungal root rot in Indonesian plantation acacias and
eucalypts
Studies toward understanding the cause of blackberry decline in the southwest of Western Australia
A pitch for biosecurity: minimising the risk of Pine Pitch Canker (Fusarium
circinatum) introduction into Australia
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KEYNOTE SPEAKERS
THE FATE OF CHEMICALS DELIVERED INTO THE SOIL FOR DISEASE
CONTROL
R.G. Oliver
Syngenta, Jealott’s Hill Research Centre, Bracknell, UK. Email: robin.oliver@syngenta.com

ABSTRACT. This review will provide a contemporary consideration of the key “molecular scale” processes controlling the
fate of chemicals within soil. Sorption controls the concentration of a chemical in the dissolved phase and hence its
availability for uptake into organisms, degradation and transport away from the site of application. Degradation mediates the
duration of availability of a chemical in the dissolved phase for uptake and transport. Soil is a highly complex ecosystem and
the disruption of soil structure when measuring degradation rates may result in measurements that do not always reflect what
happens under use conditions. Sorption, degradation and the influence of environmental factors such as rainfall and
temperature must be properly integrated to obtain a meaningful understanding of the fate of chemicals in soil.
INTRODUCTION
The aim of this review is to provide a contemporary
consideration of the key “molecular scale” processes
controlling the fate of chemicals within soil. The focus will
be on fate within the soil hence mechanisms restricted to the
soil surface such as photodegradation will not be covered.
The Oxford dictionary definition of soil is “the upper
layer of earth in which plants grow, a black or brown
material typically consisting of a mixture of organic
remains, clay and rock particles”. This may sound like an
accurate description; however it fails to capture the fact that
soil is the most biologically diverse and structurally complex
bio-system on earth. This complexity means that reliably
reproducing field behaviour on a scale that facilitates control
of the many variables that influence environmental fate is
challenging. The generation of data from lab and field tests
that reflect the fate of a compound under actual use
conditions is important to
•
ensure that the efficacy of novel products can be
reliably translated from the lab to the field
•
understand and manage product performance in
different parts of the world
•
reduce uncertainties in the environmental safety data
generated to support registrations
FATE PROCESSES IN SOIL
A number of processes interact to govern the fate of a
compound after it is introduced to soil. These are illustrated
in the model below (ECETOC 2012). For convenience
these processes are often quantified (semi) independently
but to gain a full understanding of the fate of a chemical
they must be appropriately integrated.

Remobilised

Dissolved

Degradation

Readily
Desorbed

Slowly
Desorbed
(Sequestered)

Slowly
Desorbed
(Chemi-sorbed)

Irreversibly
Sorbed

Incorporated

TIME

leaching) is mediated by sorption to soil constituents, which
controls the concentration in the soil pore water. Classically
sorption has been considered as a rapid and reversible,
equilibrium process with soil organic matter the principal
sorbent. However diffusion into both the organic and
mineral phases and the formation of chemical bonds with
clays and oxides can also be important. These interactions
can slow desorption or preclude it. As shown in the model
the combined effect of sorption processes is to progressively
reduce the availability of a chemical with time. This
generally reduces the toxicity of soil residues and their
potential to move in soil but also restricts degradation,
resulting in some compounds persisting in soil. Changes in
agronomic practice or the external environment may
remobilise a portion of the sorbed residues but these will
then be subject to the same basic fate processes once they
reach the dissolved phase. The diversity of sorption
mechanisms means that the fate of chemicals can vary
depending on the properties of the soil.
Degradation. Degradation in soil predominantly occurs in
the dissolved phase and is driven either by living organisms
(biotic degradation) or chemical processes (abiotic
degradation) depending on the nature of the compound. The
propensity for abiotic degradation in soil is mediated by the
composition, properties and temperature of the soil. The
type and quantity of clay and oxides present and pH are the
soil parameters that exert the most influence on chemical
degradation.
Biotic degradation can result from the
utilization of chemicals; for energy, as carbon and nitrogen
sources, as electron acceptors during respiration or as a
result of incidental metabolism (co-metabolism). In some
cases a number of microbes acting together can completely
degrade compounds that were only co-metabolised by
individual organisms. Both aerobes (organisms requiring
oxygen) and anaerobes (organisms that can function without
oxygen) can degrade compounds in soil. Retention of soil
structure and hence microbial diversity (aerobes and
anaerobes) and habitat, as well as solute transport processes
may be important when seeking to understand the likely rate
and extent of chemical degradation. The presence of
growing plants can also have a significant influence on the
microflora around the roots and hence on chemical
degradation
Transport. The extent to which a chemical will move away
from its point of application in soil is controlled by a
combination of sorption, degradation and environmental
factors such as rainfall and temperature. In some cases
volatilisation can also be an important transport process.
REFERENCES
1. ECETOC (2012), Poster SETAC Europe, Berlin

Sorption. The availability of a chemical for uptake by soil
biota (target and non-target) or transport in soil (e.g.
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ROLE OF MICROBIAL COMMUNITIES IN THE NATURAL SUPPRESSION OF
RHIZOCTONIA BARE PATCH OF WHEAT IN THE USA AND AUSTRALIA
T. C. PaulitzA, C. YinB, S. HulbertB, K. SchroederB, W. SchillingerC, O. MavrodiB, D. MavrodiB, J. KirkegaardD and V.V.S.R GuptaE.
A
USDA-ARS, Pullman, WA. Email: paulitz@wsu.edu
B
Washington State University, Dept. Plant Pathology;C WSU, Dept. of Crop and Soil Sciences, DCSIRO Plant Industry, Black Mountain,
ACT, ECSIRO Ecosystem Sciences, Glen Osmond, SA

ABSTRACT. Rhizoctonia patch, caused by R. solani AG-8, is a serious disease in dryland wheat production areas of the
Pacific Northwest of the US and Australia. A long-term direct-seeded cropping system study was initiated in 1997, and bare
patches were mapped yearly. They increased for the first 8 years, and then declined to <1% by year 12. The goal of the
research was to document microbial communities associated with this disease decline. We used 454 pyrosequencing to
analyse the bacterial communities of roots and bulk soil inside of active patches, outside of patches in healthy areas, and in
patches that recovered. Taxa including Sphingobacteriales, Flavobacteria, Oxalobacteraceae and Enterobacteriaceae were in
higher frequency inside of patches with diseased plants, compared to healthy areas. Acidobacteria were in higher frequency
from recovered patches. Actinobacteria were in higher diversity and frequency in the long-term direct-seeded annually
cropped field, compared to an adjacent conventionally-tilled wheat/summer fallow rotation. Similar community profiles were
found in the rhizosphere of wheat grown in Australian soils with a history of Rhizoctonia patch. These results suggest that
copiotrophic bacterial communities may be involved in the natural suppression of Rhizoctonia disease.

MATERIALS AND METHODS
In 2008, we initiated pyrosequencing of the 16sDNA to
describe the bacterial communities on wheat plants inside of
active patches, outside of patches (healthy area) and from
patches that had recovered; both from the rhizosphere and
bulk soil. Surface soils from Australian wheat fields were
also tested. Primers were designed from the 16sDNA,
variable regions 1-3. Sequencing was done on a FLX 454
pyrosequencer (Roche) Contigs were assembled at 97%
similarity, and identifications were made with the
Ribosomal Data Base (Michigan State University).
RESULTS
In 2008, 2000-5000 sequences were generated from each
sample, and 345 OTUs were generated, 151 identified to the
genus level. After Proteobacteria, members of phyla
Bacteroidetes, Actinobacteria, and Acidobacteria were the
most common. A number of taxa were in higher frequency
in the rhizosphere of plants inside the infected patches,
including Sphingobacteriales, Flavobacterium (Fig. 1), and
Enterobacteriaceae. Acidobacteria GP 7 was found in higher
frequencies in recovered patches. Chitinophaga was the
most dominant genus, but did not vary among treatments.
Primers were designed for the taxa, and the trends were
confirmed with quantitative real-time PCR. The sampling
was repeated in 2010, and Actinobacteria became the
predominant
phylum.
Oxalobacteraceae
(order
Burkholdariales), Flavobacteria, Sphingobacteria and
Pseudomonas were in higher frequencies on roots of
infected plants inside of patches, and Acidobacteria GP3,
Gemmantimonas, and Solirubrobacteraeae were more
frequent outside of patches in healthy wheat. We compared
an adjacent long-term conventional tilled site with a
7th Australasian Soilborne Diseases Symposium

wheat/summer fallow rotation to the direct-seed site that had
been annually cropped for 12 years. The frequency and
diversity of Actinobacteria was higher in the direct-seeded
site compared to conventional tillage. We conducted
greenhouse experiments to mimic the development of
suppression, by inoculating natural soil with R. solani AG-8,
and cycling crops of wheat, replanting once every month for
3 cycles. A similar pattern of taxa became predominant on
the roots. Species of Chyseobacterium were isolated from
the roots of infected plants from inside of the patches and
tested for biocontrol activity against R. solani in the
greenhouse. Isolates were effective in natural soil, but not a
pasteurized soil. Twenty soil samples from direct-seeded
wheat from NSW, SA, Vic and WA were tested for
microbial communities, by planting wheat in the soils and
pyrosequencing the rhizosphere bacterial communities. One
location in NSW (Harden) was distinct in the community
profile. It been continuously direct seeded for 22 years, and
was in Rhizoctonia decline. This site had significantly lower
diversity than the other sites and was dominated by high
frequencies of just a few taxa in Flavobacteria,
Oxalobacteraceae and Enterobacteriaceae. A similar trend
was seen in two locations with high levels of Rhizoctonia
disease, on grey calcareous soils near Streaky Bay in of the
Eyre Peninsula region of South Australia.

Flavobacterium
300

Frequency X 10e-4

INTRODUCTION
Over 1.85 million ha of wheat are grown dryland cropping
zones of the inland Pacific Northwest (Washington, Oregon,
and Idaho), with 150 to 600 mm of annual precipitation.
Rhizoctonia bare patch and root rot caused by R. solani AG8 is a serious soilborne disease, especially when farmers
convert from conventional tillage to direct-seed (no-till).
This disease is also a serious problem in wheat growing
areas of southern and western Australia, causing $59 million
per annum losses. A long-term cropping system study was
established at a farm near Ritzville, WA in 1997, converting
to direct-seed and annual cropping. Within 6 years,
Rhizoctonia bare patch covered an average of 11% of total
land area, and crop rotations had no effect, based on yearly
mapping of patches with a GPS unit. Starting in 2005, patch
area started to decline and by 2008, occupied less than 1%
of the total area.
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DISCUSSION
These results suggest that copiotrophic bacterial
communities may be involved in the natural suppression of
Rhizoctonia disease on wheat. These bacteria may be
selected on diseased roots that are leaking large amounts of
exudates. These taxa become the dominant members of the
rhizosphere community, with some comprising more than
10% of the identified sequences. They are more frequent
than pseudomonads, which have been implicated in the
suppression of other soilborne diseases of wheat.
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BENEFICIAL INTERACTIONS BETWEEN PLANTS AND SOIL MICROBES
S. Ravnskov
Department of Agroecology, Aarhus University, Research Centre Flakkebjerg, DK-4200 Slagelse, Denmark. Email:
Sabine.Ravnskov@agrsci.dk

ABSTRACT. The microbial community in the rhizosphere plays a key role in plant growth and -health, either directly by
influencing plant nutrient uptake and by causing disease, or indirectly via microbial interactions in the rhizosphere. The
majority of field grown crops (70-80 %) naturally form symbiosis with Arbuscular Mycorrhizal Fungi (AMF); thus the
relation between root pathogens and most plants under field conditions is an interaction between AM and pathogens. The AM
symbiosis has functionally been characterised as the reciprocal exchange of nutrients between the symbionts: the fungus is
obligate biotrophic, whereas the plant receives inorganic nutrients from the AMF. However, the antagonistic potential of
AMF against a range of soil-borne pathogens has also been demonstrated, but the underlying mechanisms are unknown. Both
direct competition for nutrients/space or antibiosis have been suggested, as indirect competition by AM fungi, changes of
plant root structure, root-exudations, nutrient uptake and growth as well as AMF induction of plant defence have been
investigated. Moreover, a bacterial community structure associated to AM structures has been demonstrated and some of
these bacteria have shown antagonistic potential against pathogens. This raises the question whether it is the AMF or the
associated bacteria, which control the pathogens. So far, a general mechanism for AMF control with soil-borne pathogens has
not been identified, but investigations of more mechanisms and interplays between them might be the answer.
INTRODUCTION
Root associated microorganisms play a key role in plant
growth and –health and thereby affects crop production. Due
to loss of yield and impaired quality caused by plant
pathogens, intensive research has been performed to study
the biology and control of soil-borne pathogens in crop
production. While it is well-known that plant beneficial
microorganisms as e.g. Rhizobium and Arbuscular
Mycorrhizal (AM) fungi can influence nutrient uptake,
growth and health of their associated plants, the role of plant
beneficial microorganisms in relation to yield and quality
has received less attention. .
AM symbiosis. The majority of field grown crops (70-80
%) naturally form symbiosis with AM fungi. The relation
between plant and (a)biotic soil environment is therefore for
most plants based on an interaction between AM and soil
(1). AM symbiosis has functionally been characterised as
the reciprocal exchange of nutrients between the symbionts:
the fungus is obligate biotrophic and receives carbon from
the plant, whereas the plant receives inorganic nutrients,
especially P, from the AM fungus (2). AM fungi can be
considered as an ecosystem service for plant production (1),
and several studies have demonstrated an antagonistic
potential of AM fungi against soil borne pathogens (3).
Antagonistic potential of AM against oomycetes. AM
fungi have shown to have an antagonistic potential against
oomycetes in different crops (4, 5, 6, 7). Accordingly, a
negative correlation between the abundance of AM fungi in
roots and disease severity index of pea plants has been
demonstrated (8). Carlsen et al 2008 (5) demonstrated that
an AM fungus, Glomus mosseae, totally excluded Pythium
ultimum from clover roots. However, the mechanism(s)
underlying the antagonistic potential of AM against
oomycetes is unknown.
Mechanisms underlying the antagonistic potential of AM
against oomycetes. Several hypotheses explaining AM
control of soil-borne pathogens have been proposed. For
instance, direct competition between AM fungi and
Aphanomyces eutheichus (4) or Pythium ultimum (9),
resulting in decreased pathogen biomass, has been
demonstrated. Moreover, it has been hypothesised that
induction of the plant defence system by AM fungi with
subsequent increased plant tolerance against pathogens
could explain AM fungal control with soil-borne pathogens.
However, Carlsen et al 2008 (5) showed that the production
of several secondary metabolites in AM clover infected with
P. ultimum depended on the combination of clover variety
7th Australasian Soilborne Diseases Symposium

and AM fungal species in the symbiosis, highlighting the
difficulty to draw conclusions on AM fungal induction of
plant defence as a general mechanism. Finally, it has been
demonstrated that the bacterial community associated with
AM-roots is different from the bacterial community
associated with the environment of non-mycorrhizal roots
(10), and it was hypothesised that these AM-associated
bacteria play a role in the antagonistic potential of AM fungi
against soil-borne pathogens. Li et al 2007 (6) studied the
effect of AM associated Paenibacillus sp. against P.
aphanidermatum in cucumber roots and found a biocontrol
effect indicating that the potential of the AM fungus to
control P. aphanidermatum could be related to the AM
associated bacteria.
CONCLUSIONS
Plant beneficial microorganisms including AM fungi play a
key role in plant production. A more profound knowledge
on the function of AM fungi in relation to plant health might
help exploit AM fungi as an ecosystem service. The
mechanisms underlying the antagonistic potential of AM
fungi against soil-borne pathogens still need more
investigations.
ACKNOWLEDGEMENTS
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work.
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ABSTRACT. Arbusculaar mycorrhizal fungi
f
are ubiquiitous in soils off south-western Australia in booth agricultural and natural
ms. They have potential
p
to incrrease the efficieency of use of phosphorus
p
ferttiliser and to coontribute to imp
proving soil
ecosystem
structure via
v their role in
i soil aggregaation. The exteent to which th
his is likely to occur in agriccultural soils depends
d
on
managemeent practices inncluding fertiliiser applicationn (both N and
d P), soil type,, plant speciess and rotation. In natural
ecosystem
ms, arbuscular mycorrhizal
m
funggi are integral components
c
of root and rhizossphere habitats and re-establish
h gradually
in rehabiliitated sites folllowing major disturbance evvents such as mining.
m
These fungi occur inn communities with little
physiologiical host specifi
ficity. Ecologicaal specificity caan occur in resp
ponse to differennces in fungal llife cycles and factors that
alter the abundance
a
andd infectivity off propagules. There
T
are significant challengges to quantify
fying the contributions of
arbuscularr mycorrhizal fungi
f
in both natural and agricultural ecosysstems, and assuumptions aboutt their importan
nce may be
either overr- or under-estiimated. In agriccultural soils, arbuscular
a
myco
orrhizal fungi have
h
potential tto be used as in
ndicators of
sustainablee management practice based on an understannding the dynam
mics of their coommunities in rooots and in soill.
UCTION
INTRODU
Arbusculaar mycorrhizal (AM) fungi are ubiquitous soil
organismss with well-recognized roles. How
wever,
quantificattion of their contributions in
i either naturral or
disturbed environments is experimenttally difficult. Thus,
predictions about AM function in agricultural
a
or other
ms may or maay not reflect their full potential.
ecosystem
Procedures for re-intrroducing effectively functiioning
communities of AM funngi have been considered buut this
may not be practical in
i Western Australian
A
soils. The
dominancee of species off AM fungi witthin soil and rooots is
influencedd by plant and soil conditionns, as well as season
s
and their life
l cycles. Bioassays are effective for interppreting
the state of
o communitiess of AM fungi by determiningg their
infectivityy over time. In agricultural sooils, AM fungii have
potential to be used as inndicators of susttainable management
practice based
b
on an unnderstanding thhe dynamics off their
communities in roots andd in soil.
METHOD
DS AND RESU
ULTS
Plant bioaassays have been
b
used to detect variation in
infectivityy of species of AM fungi from
m WA soils annd this
illustrates (i) seasonal dynamics
d
withiin communities that
can lead to
t changes in dominance
d
of fungi present within
w
roots (Figuure 1) and (ii) relatively
r
low diversity
d
of AM
M fungi
and their spatial
s
heterogeeneity (Figure 2).

Figure 1. Seasonal varriation in colonnisation of rooots of
m subterraneum
m by three speccies of
three cycles of Trifolium
w
a
arbuscularr mycorrhizal fungi when inoculated with
compositee inoculum of each fungus withh equal infectivvity in
Cycle 1 (S
Sutarman, Abboott and Solaimann, unpublished)).
Glomus innvermaium waas initially doominant in rooots of
subterraneean clover eveen when inocuulated with a mixed
m
inoculum containing threee AM fungi of
o similar infecctivity
(Figure 1)). However, aftter three cycless of plants grown in
the same soil
s (in a pot experiment), its dominance declined
and was ovvertaken by Acaaulospora laevis.
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In a second example, bioassays deemonstrated diffferences in
infectivity of AM fungi
fu
in undistuurbed field soil under two
plantt species, Acaciaa cochlearis annd Olearia axila
aris (Figure
2). Morphological
M
a molecular qquantification off AM fungi
and
in roo
ots may differ due
d to samplingg discrepencies1.

Figure 2. Relative abundance of m
morphotypes off AM fungi
in ro
oots of bioassayy bait plants ggrown in undissturbed soil
coress collected undeer three Acaciaa cochlearis plaants (A4 to
A6) and
a three Olearria axilaris plannts (O1 to O3) in a coastal
dune near Mandurrah, WA. Oveerlap areas in
ndicate cocolon
nisation of rootts (unpublishedd additional dataa related to
study
y by Shi et al. 2012).
DISC
CUSSION
Speciies of AM funngi differ in tthe extent to which
w
they
colon
nise roots alonne and in com
mpetition with other AM
fungii1. They also differ in thheir ability to
o transport
phosp
phorus from sooil to roots, in the extent to which
w
they
form hyphae in soiil, and in their sensitivity to changes in
c
How
wever, the signiificance of colo
onisation of
soil conditions.
roots by AM fungii is still conteested and remaains largely
nown2. Despite difficulties in ddefining the co
ontributions
unkn
of AM
M fungi, knowlledge of the dynnamics of comm
munities of
AM fungi in responnse to managem
ment of agricu
ultural soils
has potential
p
to be used to ideentify unsustainable land
manaagement practicces. Identifyingg this potentiall would be
based
d on an understtanding how AM
M fungi contrib
bute both to
nutrieent cycling andd to soil structuure. Capturing the
t benefits
of AM
M fungi has pootential to maximise the efficieency of use
of nutrient
n
resourcces in agricullture and therre is even
poten
ntial to use knoowledge of AM
M fungi as an indicator of
sustaainable use of niitrogen as well as phosphorus fertilisers.
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PENFLUFEN: A NEW SUCCINATE-DEHYDROGENASE INHIBITOR FUNGICIDE
FOR THE CONTROL OF RHIZOCTONIA SOLANI IN CEREALS
A

S.J.Cross A and S. DruceA
Bayer CropScience, Hawthorn East, Vic, Australia. Email: Sue.cross@bayer.com
B
Bayer CropScience, Dubbo, NSW, Australia

ABSTRACT. Penflufen is a novel succinate-dehydrogenase inhibitor fungicide from Bayer, with activity against a wide
range of seed and soil-borne fungal diseases. In Australia penflufen has been under development since 2007 as a seed
treatment for use in cereals against smuts, bunts and Rhizoctonia root rot, and is currently awaiting registration approval.
During the development of penflufen, 12 small-plot replicated trials were conducted in Australia to evaluate its effect against
R. solani in wheat and barley. Treatment effects were determined by assessing the incidence of seminal root infection or
spear tipping in addition to determining effects on plant vigour and fresh weight. Wheat trials developed 10% to 90%
incidence of seminal root infection in untreated plots, with slightly higher incidence in barley trials. At the proposed use rate
of 10 to 20 g ai/100 kg seed, penflufen reduced the incidence of root infection in wheat and barley by approximately 60 to
70%. In an orthogonal comparison, the standard fungicide treatment provided comparable suppression of Rhizoctonia
incidence in wheat (60% reduction) but was inferior in barley (16% reduction).
Penflufen had a positive effect on plant vigour, providing a 1.9 to 2.5 fold increase in fresh weight in wheat and barley at the
proposed use rates, compared with a 1.5 to 1.2 fold increase respectively from the standard treatment.
INTRODUCTION
Rhizoctonia root rot, caused by Rhizoctonia solani is a
significant cause of economic loss to the Australian cereal
growing industry1,2.
Penflufen is a novel pyrazole carboxamide fungicide
with strong activity against all anastomosis groups of R.
solani, and other Basidiomycete and Ascomycete fungi.
Penflufen inhibits electron transport in the respiratory
pathway at complex II in the mitochondria of susceptible
fungi, thereby interrupting ATP production, causing fungal
growth to stop due to lack of energy.
Penflufen is being developed as a seed treatment, potato
tuber/seed piece treatment and as a soil applied fungicide,
targeting seedborne and soilborne diseases in a number of
crops around the world.
In Australia development of penflufen commenced in
2004, whilst the first trials against R. solani commenced in
2007. In this paper we focus on the work conducted to
establish the efficacy of penflufen applied as a seed
treatment for the suppression of R. solani in wheat and
barley in Australia.
MATERIALS AND METHODS
Treatment Application. Penflufen was applied as a
flowable concentrate (FS) formulation to weighed batches of
wheat or barley seed, using a Cimbria Heid small batch seed
treater. In a small number of cases treatments were applied
by coating a plastic bag with the measured quantity of
product and adding seeds to the bag and physically agitating
to achieve even seed coating.
Trial Design. Trials were conducted in either a Randomised
Complete Block or Latin Square design with three to four
replications. Individual plots consisted of a single row of up
to 10 meters in length. Trials were either established within
a naturally infested area, which was confirmed via DNA
testing of soil samples, or were artificially inoculated by
sowing sterile millet seed infected with R. solani AG8 into
the seed furrow before or at seeding
Assessments. Plant counts were measured over one to three
metres of row per plot.
Crop biomass was recorded using a subjective 0-100
rating scale, which measured crop vigour relative to the
untreated or the best plot in each replicate. Plant fresh
weights were also recorded at the same timing.
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RESULTS
Table 1. Relative Plant Establishment (%) and Fresh
Weight (%), 4 Wheat and 5 Barley trials, Australia 2007-10.
Treatment
(g/100 kg seed)
Penflufen 10 g ai
Penflufen 15 g ai
Penflufen 20 g ai
Standard
fungicide
Control

Wheat
Plant
Fresh
Count
Weight
113.5
210.0
110.3
174.3
111.0
190.0
122.5
153.3
100.0

100.0

Barley
Plant
Fresh
Count
Weight
290.2
209.8
449.0
254.7
325.8
250.4
162.0
121.5
100.0

100.0

Table 2. Mean Incidence (%) of Seminal Roots with
Spear Tips, 9 trials, Australia 2007-2010.
Treatment
(g/100 kg seed)
Penflufen 10 g ai
Penflufen 15 g ai
Penflufen 20 g ai
Standard fungicide
Control

Wheat
(n=4)
22.0
22.7
16.3
21.5
53.3

Barley
(n=5)
25.8
28.3
19.4
52.0
56.8

DISCUSSION
Early infection of R. solani under favourable climatic
conditions can kill or severely retard the growth of cereal
seedlings. Surving seedlings may suffer significant root
pruning as a result of infection, leading to water and nutrient
stress and a reduction in plant yields. At the proposed
recommended use rates of 10 to 20 g ai/100 kg seed,
penflufen was demonstrated to have a positive effect on
establishment/ survival of wheat and barley and a substantial
impact on plant growth measured as fresh weight, which
would appear to be a direct result of a reduction in incidence
of root infection.
REFERENCES
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NODULE BACTERIA: CAN THEY BE CONSIDERED AN AGENT OF DISEASE?
J.G. HowiesonA, M. Gerding and G.W. O’HaraA
A
: Centre for Rhizobium Studies
Murdoch University, Murdoch WA 6150

ABSTRACT. Nodule bacteria from the alpha and beta proteobacterial classes can invade the roots of legumes. On many
occasions, the outcome of this invasion is the formation of a functional nodule able to house the bacteria in such a way that
the nitrogenase enzyme can “fix” atmospheric dinitrogen into plant available forms. However, not infrequently the
relationship is dysfunctional, the association does not lead to nitrogen fixation, and the bacteria can be considered more an
agent of disease than a symbiont. This paper reveals two ways in which nodule bacteria can be a hindrance to legume
development and productivity, rather than an asset. The first example is that of the transfer of a symbiosis island from an
inoculant in the genus Mesorhizobium to soil-borne bacteria previously unable to nodulate. The second is where exotic
legumes introduced to Australia are nodulated by the nodule bacteria already in our soils, to the exclusion of more
appropriate inoculant strains. In both scenarios, ineffective nodulation resulted, and the legume was unable to prosper, taking
on the manifestation of a diseased plant.
INTRODUCTION
The legumes and their nodule bacteria exploited in
Australian agriculture are almost entirely exotic to this
continent, having their origins primarily in Mediterranean
Europe, South America and Africa. The process of
improving legume performance is ongoing, through
development of new legumes for commerce, and strains of
rhizobia that are more effective at nitrogen fixation. In both
cases this requires introducing new genetic material to
Australian soils, and this material has the potential to
interact with the existing biota in different ways. In pursuing
legume improvement, we have encountered obstacles to
optimising symbiosis, and this manuscript describes two
examples of such obstacles that have emerged in the last 15
years.
We are currently searching the globe for robust types of
perennial legume that might be suitable for domestication as
plants adapted to a changing climate in WA. Lessertia is a
legume genus common in the fynbos flora of the Western
Cape of South Africa. The genus has over 50 species,
several of which are herbaceous, perennial forages (e.g. L
capitata, L. herbacea and L hirsuta). We have attempted to
domesticate these species however field experiments with
them failed to establish because of issues of nodulation.
In a similar but more successful vein, Biserrula pelecinus
was domesticated in WA in the early 1990s and then
introduced to faming as an acid tolerant legume adapted to
infertile soils (Howieson et al 1995). Its microsymbiont,
Mesorhizobium ciceri bv biserrulae was also introduced to
this environment. We have undertaken studies of the fate of
this microsymbiont, following its widespread use as an
inoculant.
MATERIALS AND METHODS
Lessertia Root nodules from species of Lessertia were
collected from a wide range of sites in the Western Cape
region of South Africa (Gerding et al 2012). Seeds were also
collected where possible. In Perth, 43 isolates from the
Lessertia nodules were authenticated then stored in the
WSM culture collection at the Centre for Rhizobium
Studies, Murdoch University. Effective strains were
prepared as inoculants for field experiments. Seeds were
multiplied in the plots and glasshouses at Murdoch
University.
Biserrula Biserrula was commercialised in 1997, with
inoculant strains made available to manufacturers. Fields
sown prior to 2000 were visited several years later, nodules
collected from plants that had regenerated, and the
occupants of these nodules identified.
RESULTS
Lessertia The species of nodule bacteria isolated from
Lessertia nodules collected in South Africa were dominantly
7th Australasian Soilborne Diseases Symposium

of the genus Mesorhizobium (Gerding et al 2012). Plants
inoculated with some of these strains selected for high N
fixation failed to thrive in six field experiments in WA.
Growth was poor and plants were yellow and unthrifty, with
root systems containing small and white nodules. When
nodules were harvested from surviving Lessertia plants, the
nodule occupants were typed by RAPD PCR and found to
be of the genus Rhizobium. Attempts were made in
subsequent experiments to hyper-inoculate Lessertia with
compatible strains of mesorhizobia, however nodule
occupancy was dominantly by Rhizobium and plants failed
to thrive (Macarena Gerding 2012 PhD Thesis, Murdoch
University).
Biserrula A small number of nodules on the roots of
regenerating biserrula stands were small and white. Analysis
of the organisms inside these nodules showed them to be
species other than the inoculant strains. In fact, two
previously undescribed species of Mesorhizobium were
found in these nodules: M. australiticum and M.
opportunistum (Nandasena et al 2009). Unfortunately, these
species were unable to fix nitrogen when inside the biserrula
nodules. Further study showed these new rhizobial species
contained symbiotic DNA from the original inoculant strains
in the form of a “symbiosis island” that transferred from the
original inoculant to resident bacteria in the soil. The high
level of adaptation of these resident bacteria to the soil
conditions allowed them to outcompete inoculant strains for
nodulation of biserrula plants.
DISCUSSION
In both the situations described, nodule bacteria other than
the desired inoculants were able to nodulate the pasture
legumes under development. In the case of Lessertia, this
competition was so severe that it became clear that Lessertia
could not be continued in its development for agriculture. In
the case of biserrula, the emerging nodulating species have
so far not overwhelmingly compromised production.
However, in both scenarios, the nodule bacteria responsible
for the ineffective nodulation could be described as agents
of disease.
REFERENCES
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THE ROLE OF ORGANIC MATTER IN ENHANCING SUPPRESSIVENESS TO
PLANT-PARASITIC NEMATODES IN SUGARCANE SOILS
G.R. Stirling
Biological Crop Protection Pty. Ltd., 3601 Moggill Rd., Moggill, QLD, 4070. Email: graham.stirling@biolcrop.com.au

ABSTRACT. Integrating, minimum tillage, controlled traffic and green cane trash blanketing into the sugarcane farming
system results in surface soils that are highly suppressive to lesion nematode (Pratylenchus zeae) and root-knot nematode
(Meloidogyne spp.), the two most important nematode pests of sugarcane. Roots immediately under the trash blanket are
unusually healthy; populations of P. zeae are 5-16 times lower than in roots a few cm further down the profile and bioassays
with Radopholus similis indicate that as many as 84% of the nematodes introduced into these soils are not recoverable after 8
days. Suppressiveness is related to soil organic matter levels and the size and composition of the free-living nematode
community. Numbers of predatory mononchid nematodes are correlated with suppressiveness, while molecular studies using
Orbiliales-specific primers indicate that nematode-tapping fungi may also be one of the regulatory factors. Suppressive
surface soils have relatively high C levels (30 - 43 g C/kg soil), but data obtained using permanent grass pasture as a standard
reference suggest that once sugarcane is grown in a manner that sequesters rather than depletes carbon, soil C levels will
eventually reach levels capable of sustaining a nematode-suppressive soil biological community.
INTRODUCTION
A new sugarcane farming system based on residue retention,
minimum tillage, leguminous rotation crops and controlled
traffic using GPS guidance overcomes the many physical,
chemical and biological constraints associated with yield
decline and is therefore being adopted by the Australian
sugar industry (1, 2). Lesion nematode (Pratylenchus zeae)
and root-knot nematode (Meloidogyne spp.) are two
important sugarcane pathogens and a) the inclusion of
soybean or peanut in the rotation reduces their population
densities at planting; b) minimising tillage reduces their
resurgence in the plant crop and c) the soil health
improvements associated with the new farming system
increase nematode damage thresholds (2, 3). This brief
review focuses on another benefit of the new farming
system: its impact on soil organic matter and the flow-on
effects on suppressiveness to plant-parasitic nematodes.
SUMMARY OF RESULTS
•
Soil C levels increase during the sugarcane crop
cycle (a plant crop and 4 ratoons) because crop residues left
behind by the harvest operation are retained on the soil
surface as a trash blanket. However, the C benefits of trash
blanketing are lost when soil is tilled prior to planting the
next crop (4). Direct drill planting is therefore an essential
first step in improving soil C levels in sugarcane fields.
•
Amendments of sugarcane residue have long term
effects on the soil biological community, increasing
populations of free-living nematodes and reducing
populations of P. zeae by as much as 95% (5).
•
Mulching soil with sugarcane residue enhances
suppressiveness to a greater extent than incorporating the
residue into soil (6).
•
Most sugarcane roots suffer damage from fungal
and nematode pathogens. However, roots immediately under
the trash blanket are unusually healthy, and populations of
P. zeae in these roots are 5-16 times lower than in roots a
few cm further down the profile (6, 7).
•
Bioassays with Radopholus similis have shown
that surface soil is highly suppressive to plant parasitic
nematodes. When nematodes are inoculated into soil from
some fields, as many as 84% of the nematodes are not
recoverable after 8 days (7).
•
The amount of organic matter in soil (total C, total
N, labile C) and the size of the free-living nematode
community (particularly the number of predatory
nematodes) are both correlated with suppressiveness (7).
•
When TRFLP profiles were generated using
Orbiliales-specific primers, and cloned PCR products were
sequenced, the level of suppression was significantly
correlated with the number of Orbiliales clone groups, and
7th Australasian Soilborne Diseases Symposium

was also related to the number of Orbiliales species and
TRFs. This suggests that nematode-trapping fungi may be
one of the suppressive factors operating in these soils
•
The C levels in nematode-suppressive surface
soils (30 - 43 g C/kg soil) are higher than typical sugarcane
soils in Australia (8).
DISCUSSION
These results indicate that in some sugarcane fields, the soil
beneath the trash blanket is highly suppressive to plantparasitic nematodes; that suppressiveness is biologically
mediated; and that it is sustained by C inputs from crop
residues and roots. Although suppressive surface soils have
relatively high C levels, data collected from sugar-growing
areas indicate that similar C levels are achievable to a depth
of 10 cm when non-tilled soils are maintained as a
permanent grass pasture (8). Since sugarcane grown under
the new farming system is somewhat similar to a perennial
grass pasture (no tillage plus regular C inputs from roots and
residues), soil C levels under the trash blanket are expected
to increase when sugarcane soils are no longer disrupted by
tillage, eventually reaching levels capable of sustaining a
nematode-suppressive soil biological community. However,
the process of restoring soil health will take many years, and
the depth to which soil becomes suppressive will be limited
by the capacity of earthworms and other ecosystem
engineers to transfer surface organic matter further down the
soil profile.
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ORAL PRESENTATIONS
EFFECT OF ZINC ON RHIZOCTONIA DISEASE ON HYDROPONICALLYGROWN POTATOES
D.P.F. Auer, J. Verstraten, M. Wardzynski and T. Wiechel
Department of Primary Industries, Biosciences Research Division, Knoxfield Centre, 621 Burwood Hwy, Knoxfield, Victoria, Australia
Email: desmond.auer@dpi.vic.gov.au

ABSTRACT. Field application of zinc reduces the area of Rhizoctonia bare patch in wheat caused by Rhizoctonia solani
AG8 and the effect of zinc on Rhizoctonia root rot was confirmed in glasshouse studies. This study was undertaken to
determine whether the application of zinc can reduce disease in potatoes caused by Rhizoctonia solani AG3. To remove the
confounding effects of soils, a Rhizoctonia-sensitive potato cultivar was grown to tuber harvest on a defined media with
increasing levels of zinc in sand inoculated with Rhizoctonia solani AG3, the cause of black scurf in potatoes. Rhizoctonia
disease was evident at 0.5 and 25 ppm Zn, with sclerotia on tubers only at the lowest zinc level. Rhizoctonia solani AG3
DNA concentrations decreased sharply at 25–75 ppm Zn at both 53 and 90 days after planting (DAP), reflecting disease
symptoms and severity on plant roots and tubers. The levels of zinc in the experiment that reduced both Rhizoctonia disease
and Rhizoctonia solani AG3 DNA concentrations is similar to that shown in the field, demonstrating that targeted nutrient
amendments can reduce an industry critical soilborne disease in potatoes.
INTRODUCTION
Rhizoctonia disease in potatoes is caused by Rhizoctonia
solani AG3 (Rs AG3). Symptoms include black scurf
(sclerotia on tubers and roots), stem canker and stolon
pruning, leading to a significant reduction in yields and
marketable product. Zinc (Zn) was shown to reduce
Rhizoctonia bare patch of cereals caused by Rs AG8 in both
the field and glasshouse, with Zn-deficient plants more
susceptible to Rhizoctonia disease, possibly due to a
reduction in root cell integrity and a corresponding increase
in root exudates (1). This study was undertaken to determine
whether the application of zinc can reduce disease in
potatoes caused by Rs AG3.
MATERIALS AND METHODS
Hydroponics & Growth Media River sand was pasteurised
and left unioculated and inoculated with Rs AG3. Nutrient
formulation for the plants was a modified mineral salts
solution (2). Solutions were prepared containing four zinc
concentrations: 0.5 ppm (mg L-1) Zn (baseline level of zinc
present in nutrient solution), 25, 50, or 75 ppm Zn and were
delivered by Dosatrons.
Inoculum preparation Rs AG3 was grown for 4 weeks on
PDA. Eight kg of sand was inoculated with one plate of
mycelium and dispensed at 4 kg per pot. All pots were
predosed with nutrient solution to field capacity (5% v/w)
prior to planting.
Planting of tubers & harvesting One minituber of Russet
Burbank was planted per pot and pots were randomised in a
block design. Each pot was irrigated by individual drippers.
Six plants per treatment were harvested after 53 and 90 days
after planting (DAP). Plant, root and sand samples were
assessed for nutrient levels. Rs AG3 DNA concentrations
were determined for each pot. Diseased stolons, stems and
tubers were enumerated. Differences between treatments
were determined using ANOVA using Genstat® v13.
RESULTS

1.

Table 1 Rs AG3 DNA, infection, zinc and dry weights affected by
zinc supply at 90 DAP. Numbers with different letters differ
2.
significantly at P<0.05.
Zinc (mg/L)

Infected
stolons (%)

DNA
pg/g

Plant Zn
mg/kg

Root Zn
mg/kg

Plant
DW

Root
3.
DW

0.5
25
50
75
lsd (P<0.05)

27.8 a
8.1 b
0
0
16.4

292 a
25 b
2c
0.9 c
62.5

115 a
2201 b
3045 b
5364 c
993.3

200 a
5789 b
7006 b
10470 c
2019

4.4 a
2.4 b
0.8 c
0.8 c
0.6

0.6 a4.
0.9 b
0.3 c
0.2 c
0.2
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Disease and DNA concentration At planting, Rs AG3
DNA concentrations were in the range 120–380 pg g-1 of
sand. These concentrations decreased significantly (P<0.05)
with increasing rates of zinc at both 53 and 90 DAP (Table
1). At 90 DAP, sclerotia were only present on tubers and
roots at 0.5 ppm Zn (27 % of tubers), with low levels of
stolon pruning evident at 25 ppm Zn (8 %) and no visual
evidence of infection at 50 and 75 ppm zinc (Table 1).
Effect of zinc on plant development Increased zinc levels
resulted in a significant decrease in plant and root dry
weights at both 53 and 90 DAP, with a significant
accumulation of zinc in both plant and root tissue reaching
levels of reported zinc toxicity in tissues (3) (Table 1). There
was no significant difference in the reduction of plant dry
weights or zinc levels in the presence or absence of the
pathogen.
DISCUSSION
Increased zinc levels decreased Rs AG3 DNA
concentrations and disease severity. However, high levels of
zinc also had a detrimental effect on plant growth (3). In
contrast to other studies, there was a direct effect on Rs AG3
with significant reductions in DNA concentration (4).
Targeted nutrient manipulation in soil can lead to decreased
Rs AG3 DNA concentrations, mirrored by reduced disease
severity and occurrence. Studies on the effect of other
nutrients such as manganese on R. solani AG3 are
continuing, as well as the effect of these micronutrients on
root exudates and root cell integrity in potato plants.
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NEMATODE BIOSECURITY RESEARCH IN NEW ZEALAND’S NATIVE ESTATE:
RISKS, PATHWAYS AND ESTABLISHMENT POTENTIAL
L. T. AaldersA, N.L. BellA, T. C. RohanA. J. M. NobbsB and M. R. McNeillC
AgResearch, Hamilton, New Zealand Email: lee.aalders@agresearch.co.nz
B
SARDI, Adelaide South Australia
C
AgResearch, Lincoln, New Zealand.

A

ABSTRACT. New Zealand’s native estate contains many endemic plant species which could be damaged if exotic plant
feeding nematodes were to be introduced to these habitats. Research was undertaken to identify exotic nematodes which are
associated with New Zealand native plants growing overseas, but are not in New Zealand therefore potentially pose a future
threat. Plant feeding nematodes from 17 genera or families were found in soil beneath New Zealand native plants from three
overseas botanical gardens. Meloidogyne was the only genus found at all three locations. Two pathways for exotic nematodes
to enter New Zealand were also examined: soil on arriving airline passenger’s footwear and adhering to sea freight (shipping
containers and used machinery) landed in New Zealand, prior to routine cleaning. The plant-feeding genera found from
footwear and sea freight were predominantly those known to be able to survive desiccation. Exotic species of desiccationintolerant Meloidogyne, have been found associated with New Zealand native plants growing in New Zealand suggesting
another pathway may have been involved in their importation in the past.
INTRODUCTION
Of New Zealand’s described nematode fauna from native
habitats it appears there is a high degree of endemicity and
this is illustrated within the subfamily Criconematinae with
40 of 47 species being found only in New Zealand (1).
Exotic plant feeding nematodes could disrupt or displace
these native nematodes. Additionally, New Zealand’s native
estate contains many endemic plant species which could be
damaged if exotic plant feeding nematodes were to be
introduced to these habitats.
The aim of this research was to inform the biosecurity
community if there were exotic nematodes, which are
associated with New Zealand native plants growing
overseas, but are not in New Zealand. Therefore, they
potentially pose a future threat. As importantly, we sought to
understand which entry pathways may, currently or in the
past, allow entry of exotic nematodes to New Zealand.
MATERIALS AND METHODS
New Zealand native plants were located growing in three
overseas botanic gardens: Ventnor Gardens on the Isle of
Wight (UK); Tasmania (Australia) and Mt Lofty Gardens,
Adelaide (Australia). Soil samples were taken from beneath
18 New Zealand native plant genera across these collections
and nematodes were extracted by nematologists local to the
gardens. Plant-feeding nematodes were identified
morphologically to at least genus.
Two possible pathways for exotic nematodes to enter
New Zealand were examined: soil on airline passenger’s
footwear (2) and adhering to sea freight (shipping containers
and used machinery) landed in New Zealand, prior to
routine cleaning. Fifty-seven footwear and 163 sea freight
samples were taken; nematodes were extracted from soil and
either identified morphologically or by DNA sequencing.
Finally, we reviewed literature and listed nematodes
which are established in New Zealand on native plants.
RESULTS
Plant feeding nematodes from 17 genera or families were
1.
found in soil beneath New Zealand native plants from the
three overseas botanical gardens. Meloidogyne was the only
genus found at all three locations, with Pratylenchus being
2.
the most commonly occurring genus, being found beneath
seven plant genera. Criconematidae nematodes were found
at three sites, beneath four plant genera. The plants sampled
3.
were often associated with more than one nematode genus.
Footwear samples yielded the plant feeding genus
Orrina (1 sample), along with specimens from genera which
contain plant-feeding species: Aphelenchoides (16 samples)
and Ditylenchus (11 samples) (2).
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Potential plant-feeding nematode genera from sea
freight included Helicotylenchus (2 samples), Ditylenchus (5
samples) and Aphelenchoides (34 samples).
A literature review revealed exotic species of
Meloidogyne, Pratylenchus, Criconematida, Aphelenchoides
and Ditylenchus have all been found associated with New
Zealand native plants growing in New Zealand. Plants
beneath which exotic nematodes have been found include
forest trees, shrubs, flax, tussock grasses and herbs growing
in habitats ranging from native forest to amenity plantings.
DISCUSSION
A range of plant feeding nematodes were found beneath
plants overseas which may pose a threat to New Zealand’s
native plants given that our literature review suggests
species of exotic plant feeders have established here.
The plant-feeding genera found from footwear and sea
freight were predominantly those known to be able to
survive desiccation (3). This is not surprising given the low
moisture levels in many of these samples. This finding
would tend to suggest these pathways are viable entry
methods for genera such as Aphelenchoides and
Ditylenchus, however, desiccation-intolerant nematodes
such as Meloidogyne may not be able to spread to New
Zealand via these pathways, so it is highly likely that
another pathway would have been involved in their
importation in the past.
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ABSTRACT. Bare patchh disease of whheat and barley caused by the soil-borne pathhogen Rhizoctonnia solani AG-8
8 continues
p
there arre limited optioons to control Rhizoctonia
R
to be a maajor impedimennt to crop produuction in no-till systems. At present,
through usse of fungicidess which are gennerally applied as seed treatmeents. The aim of
o this study waas to determinee if banding
fungicidess could provide significant yielld responses. A wheat trial waas established inn Yumali (Soutth Australia) to investigate
banding att different locattions at seedingg and in-crop ussing a coded fungicide developped by Syngentta. Ten treatments varying
in productt rate (low/higgh), banding loocation at seedding (below seeed/soil surface)), and in-crop application aft
fter seeding
(six/ten weeeks) were anallysed using kniife point and disc seeding systtems. The use of
o a split plot deesign resulted in
n treatment
yield respponses that werre highly signiificant (P <0.0001) compared to the untreateed controls. Thhe two greatesst increases
(>15%) were achieved with
w a split appliication of fungiicide on the soill surface and beelow the seed uusing a knife po
oint seeding
p
greater protection to the seminal an
nd crown roots. This trial is ppart of a 3 yearr project to
system. Thhis treatment provided
generate field
fi data to support label regisstration on bandding fungicides to improve Rhiizoctonia controol.
INTROD
DUCTION
Rhizoctonnia bare patch caused by thee fungus Rhizooctonia
solani AG
G-8 is a devastaating disease of wheat and baarley in
Australia,, causing reducctions in grain yield which caan cost
the industtry up to $59 million
m
per annum
m (1).
There are currently only
o
a few funngicides registeered as
seed treattments that grow
wers can use too manage Rhizooctonia
(e.g. Divvidend® and more recentlyy Evergol Prrime®).
However,, these are syystemic fungiciides which gennerally
move up the plant, so trreating the seedd may not be thhe best
method of application too protect the rooot system (2).
This paaper summarisees results obtainned from a wheeat trial
conductedd in 2011, in which
w
the effecttiveness of bannding a
coded funngicide with acttivity against Rhizoctonia
R
wass tested
at differennt locations aroound the seed annd in-crop to inncrease
protectionn of the root syystem. The treaatments were seelected
based on results from a similar trial in 2010 which acchieved
significannt yield responsses >12%.
MATERIIALS AND ME
ETHODS
The trial was conductedd at Yumali (M
Murray Mallee, South
Australia)) in 2011 on noon-wetting sannd. It incorporatted ten
treatmentts of a coded fuungicide developped by Syngentta. The
treatmentts varied in prroduct rate (loow/high), methhod of
applicatioon (surface/in-crop plus liquuid furrow baanding)
[Figure 1],
1 and sowing system (kniife point/disc).. Each
treatmentt was replicatedd six times.
The fieeld design was a randomised complete blocck with
individuaal plots split intoo treated/untreaated halves. Hennce the
statisticall power of com
mparing treatmeent responses relative
r
to controls was greater than comparinng responses beetween
the treatm
ments.

Figure 1.. Placement of fungicide
f
in relation to the seeed
TS
RESULT
1.
Significanntly higher graiin yields (P <0.001) were assoociated
with the fungicide treeatments relative to the unntreated
2.
controls. The two largeest yield respoonses of >15%
% were
7th Austraalasian Soilbornne Diseases Sym
mposium

assocciated with a split
s
applicationn of the fungiccide on the
surfaace and below the seed at sowing using a knife
k
point
seediing system [Figgure 2].
Band
ding fungicide at
a 6 and 10 weeeks in crop to protect the
crow
wn rots was nott as effective. However, therre were no
substtantial (>20mm
m) rain events dduring the seasson after 4
week
ks post sowing meaning there was little oppo
ortunity for
the fu
ungicide to movve down the soil profile. The soil
s surface
was also
a non-wettinng.
Th
he split applicaation did not produce the same
s
yield
respo
onse with the disc
d
seeder [Figgure 2] – how
wever, these
differrences were noot significant annd could have been
b
due to
chancce variation.

Figure 2. Grain yiield responses associated witth different
fungiicide treatmentss (Yumali 2011, P <0.001)
CUSSION
DISC
Split applications of
o the coded fuungicide with half
h on the
s
and haalf below the sseed produced the largest
soil surface
grain
n yield responsees in the trial at Yumali in 2011. This was
consiistent with whaat was seen in a trial at Geranium (South
Austrralia) in 2010. The split appllication is assocciated with
betterr protection to the
t crown and sseminal root systems.
Th
his work is conntinuing in 20122, and includess additional
fungiicides and diff
fferent applicattion methods to
t the soil
surfaace and below the seed for ggrowers who do not have
bandiing technology.
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KNOWLEDGE
EMENTS
This work was suupported by thhe Grains Ressearch and
Deveelopment Corpooration (GRDC)) and the South
h Australian
Grain
ns Industry Trust (SAGIT).
REFERENCES
Murrray, G.M. and Brennan,
B
J.P. ((2009). Australlasian Plant
Patho
ology 38: 558-5570.
Cook
k, R.J. et al (20002). Plant Diseaase 86: 780-784
4.
10

Go to
Table of Contents

CAN EARTHWORMS MITIGATE TAKE-ALL IN WHEAT?
S.F. Chng, A.J. Horrocks, E.A. Hume, P.M. Fraser, D. Curtin, E.D. Meenken, M. Beare, C. Anderson, S.R. Bulman and I. Khan
New Zealand Institute for Plant and Food Research, Private bag 4704, Christchurch, New Zealand.
Email: Soonie.chng@plantandfood.co.nz

ABSTRACT. Severity of wheat take-all (Gaeumannomyces graminis var. tritici (Ggt)) depends on the amount of Ggt in
host plant residues. Residue breakdown and consequent inoculum reduction may largely result from soil microbial and
invertebrate activity. Earthworm activity may protect plants against diseases, but the specific roles of earthworms on
inoculum reduction have not been well studied. The influence of the earthworm Aporrectodea caliginosa on breakdown of
Ggt-infected residues in soil, and on subsequent wheat take-all severity, was investigated in a pot experiment. Two soils
were used; a putative take-all suppressive soil (PSS) and a conducive soil (CS), amended with either high or low amounts of
Ggt, with or without earthworms. Residue decomposition increased where earthworms were added (69% decomposed with
earthworms; 64% without earthworms). At high amounts of Ggt, take-all severity was reduced, and grain yield was
increased, where earthworms were present. The earthworm effect was less in PSS than in CS, suggesting that the microbial
community responded to low amounts of Ggt. Amplified ribosomal intergenic spacer analysis confirmed that the rhizosphere
bacterial community structures differed between the PSS and CS.

MATERIALS AND METHODS
Two silt loam soils were collected (top 15 cm) from exwheat fields. Ggt was present in both soils. Previous crops
from one (take-all conducive soil; CS) had high take-all
incidence (take-all index, TAI = 32 (4)) and a high amount
of Ggt DNA (223 pg g-1 soil (4)), while the other (putative
suppressive soil; PSS) had less take-all (TAI = 1) and a low
amount of Ggt DNA (50 pg g-1 soil). Naturally Ggt-infected
wheat residues (straw and roots) were obtained from the CS
before it was collected.
The pot experiment consisted of four replicates of two
soils with high (HI) and low (LI) amounts of Ggt, with
(+EW) or without earthworms (-EW). The pots were laid out
in a row by column design with two replicates in each of
two adjacent shade houses.
Pots (20 L, lined with < 2 mm voile to prevent
earthworm escape) were packed with soil (bulk density 1.1 g
cm-3). The HI pots had 11.4 g Ggt-infected wheat residue
plus 0.01 g Ggt-infected wheat seedling roots mixed within
the top 10 cm of soil, while the LI pots only received Ggtinfected residue. Litterbags containing 3.4 g wheat residue,
were buried in the soil. Each pot was sown with 10 wheat
seeds, and 22 adult Aporrectodea caliginosa (450 m-2) were
added to the +EW pots. Residues remaining in the litterbags
were determined during the experiment. Plants were
harvested at growth stages (GS) 32 (stem elongation), 65
(flowering), and 92 (grain maturity). Root take-all severity
at GS 32 and 65 was assessed (4), and grain yields were
measured. Rhizosphere bacterial populations were
determined using amplified ribosomal intergenic spacer
analysis, and analysed with PERMANOVA (PRIMERRelease 6.1). Other data were subjected to mixed model
analyses fitted with REML (GenStat v.14).
RESULTS AND DISCUSSION
Residue decomposition increased where earthworms
were added (31% of residue remaining with +EW and 36%
with –EW; p = 0.048).
7th Australasian Soilborne Diseases Symposium

Earthworm activity reduced take-all severity both in CS
and PSS, treated with high amounts of Ggt (p = 0.002;
Figure 1). The absence of an effect in PSS/LI soil was
probably due to indigenous microorganisms counteracting
low levels of Ggt. Beneficial effects of earthworms may be
from increased residue decomposition and promotion of
gram negative bacteria in soil (3).
100
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60

Conducive soil with high Ggt
80
Conducive soil with low Ggt
Putative suppressive soil with high Ggt
Putative suppressive soil with low Ggt
60

40

40

20

20
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Take-all index

INTRODUCTION
Take-all, caused by Gaeumannomyces graminis var. tritici
(Ggt), is a damaging root disease of wheat (1). Ggt survives
in host residues, providing inoculum sources for subsequent
crops (1). Earthworms are important as they facilitate
residue decomposition, improve soil structure, and increase
nutrient availability and crop productivity (2). Earthworm
activity may reduce some plant diseases (3). The specific
role of earthworms in reducing soilborne pathogens in plant
residues has not been extensively studied. The present pot
experiment investigated the influence of earthworms on
breakdown of Ggt-infected residue and resulting take-all on
wheat in putative suppressive or conducive soils.

GS 65

0

0
-A. caliginosa

+A. caliginosa

-A. caliginosa

+A. caliginosa

Figure 1 Mean take-all severity indices for wheat plants
(GS 32 and 65) in conducive and putative suppressive soils
amended with high or low level of Ggt, with or without A.
caliginosa. Error bars are LSDs (p ≤ 0.05).
Rhizosphere bacterial community structure changed as
the plants matured (between GS 32 and GS 65), probably
due to changing root morphology and increased take-all
severity. There were also distinct groupings of bacteria from
CS and PSS. Future work should investigate effects of
earthworms on functional microbial populations responsible
for take-all suppression.
Grain yield increased in both soils where earthworms
were added, at high but not at low Ggt (PSS/H1 = 495 g m-2,
CS/HI = 440 g m-2; p = 0.023), suggesting that earthworm
activity may reduce yield losses from severe take-all.
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ERADICATION OF PHYTOPHTHORA CINNAMOMI FROM BLACK GRAVEL
GRAVEYARD SITES IN THE EUCALYPTUS MARGINATA (JARRAH) FOREST
A

M. CroneA, P.A. O’BrienA, J.A. McCombA, V. StokesB, I. ColquhounB and G.E.StJ. HardyA
Centre for Phytophthora Science and Management, School of Biological Sciences and Biotechnology, Murdoch University, Murdoch,
Australia 6150.Email: m.crone@murdoch.edu.au
B
Alcoa of Australia, Pinjarra, Australia 6208

ABSTRACT. Phytophthora cinnamomi can survive more than 50 years in the Eucalyptus marginata forest despite the death
of susceptible species. We investigated whether the eradication of vegetation from black gravel sites reduced pathogen
survival. After elimination of living plants pathogen recovery declined over 2 years compared to control sites. Annuals and
herbaceous perennials were shown to be predominantly asymptomatic hosts responsible for the persistence of the pathogen.
For the first time, a biotrophic or endophytic mode for this pathogen was shown by the presence of haustoria. Abundant
stromata were shown for the first time; these germinated to produce numerous selfed oospores (300-400 per mm2) and thickwalled chlamydospores. This is the first report of viable oospores capable of germination and colony development being
formed in a natural environment. The significance of these observations for P. cinnamomi control will be explored.
INTRODUCTION
Phytophthora cinnamomi is difficult to eradicate from
natural and managed ecosystems. However, since it is a poor
saprophyte and depends on living host material one
successful approach to eradicate it has involved the
temporary removal of all living plant material (1). The
current study aimed to eradicate P. cinnamomi from infested
graveyard sites in the jarrah forest. However, this method
can only be fully utilised once the life cycle of the pathogen
under adverse conditions is known. Previous studies focused
on susceptible woody species, but these were unimportant in
the current study as they have long disappeared from these
sites. Despite this P. cinnamomi persists on graveyard sites.
Consequently an emphasis was placed annuals and
herbaceous perennials.

cinnamomi. These stromata germinated to produce oospores
and chlamydospores, in turn facilitating the survival of the
pathogen under adverse conditions. For the first time the
identity and viability of these two spore types has been
shown within naturally infected root material.
Findings are likely to be applicable for pathogen
management in other natural environments or in
horticultural settings where build-up of inoculum may occur
in asymptomatic hosts. These findings will also be relevant
to extractive industries, such as the gravel industry where
soils are infested with P. cinnamomi.

MATERIALS AND METHODS
Two black gravels sites with adjacent controls were treated
with herbicide to kill all vegetation. Soil samples were
regularly collected and baited for P. cinnamomi to monitor
survival. In addition, annual and herbaceous perennials were
harvested weekly over winter to spring 2011 to determine
whether they were hosts of P. cinnamomi. Histological
studies of three species across the sampling period were
conducted to observe pathogen growth and survival
structures.
RESULTS AND DISCUSSION
Eradication Two years after removal of vegetation, P.
cinnamomi recoveries had declined by 60 % (Table 1).
Table 1. Number of Phytophthora cinnamomi recoveries
prior to treatment and post treatment on control (C) and
eradicated sites (E).
Prior to treatment
1yr post treatment
2yrs post treatment
Totals after treatm.

Site 1 recoveries
C: 10 ; E: 11
C: 7 ; E: 5
C: 15 ; E: 3
C: 22 ; E: 8

Site 2 recoveries
C: 10 ; E: 15
C: 10 ; E: 6
C: 13 ; E: 3
C: 23 ; E: 9

Hosts P. cinnamomi was isolated from 15 out of 19 annuals
and herbaceous perennials, of these 10 species were
asymptomatic. The pathogen was constantly isolated from
the three histologically examined species during the period.
Mode of survival P. cinnamomi extensively colonised
asymptomatically the newly identified host species in a
biotrophic mode through haustorial (Figure 1A) production.
This is a new observation for a pathogen only known as a
necrotroph or hemibiotroph in susceptible woody species. It
is postulated that this biotrophic mode enabled the formation
of stromata (Figure 1B) not previously reported for P.
7th Australasian Soilborne Diseases Symposium

Figure 1. A Haustorium of P. cinnamomi in asymptomatic
annual and B germinating stroma in herbaceous perennial.
Scale: A = 500nm; B = 40µm.
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SUSTAINABLE AVOCADO ORCHARD PRACTICES: WHAT ARE MULCHES AND
BIO-FERTILISERS ACTUALLY DOING?
A

E.K. DannA, J. LeonardiB, J. MeiringB
Queensland Alliance for Agriculture and Food Innovation, University of Queensland, Brisbane. Email: e.dann@uq.edu.au
B
Avocados Australia Ltd, Brisbane
C
University of Queensland, Brisbane

ABSTRACT Trials were established in 2009 and 2010 in avocado orchards in Childers, Queensland evaluating effects of
different mulches or treatments with microbial “bio-fertilisers” on growth and fruit yield. Soil samples were collected in
December 2011 and subsequently analysed for total microbial activity, presence or absence of Phytophthora sp., total carbon,
nitrate, ammonia and total nitrogen. Total microbial activity was lower in soil mulched with woodchip and filterpress than
minimally-mulched grower control. Phytophthora cinnamomi was detected in 75% of soils tested (across all treatments).
Soil nitrate was highest from filterpress treatment, while organic carbon was highest in woodchip mulched soils. Total
microbial activity was lower although microbial diversity was greater, in TwinN and BB5 treated soils than in control soil.
Phytophthora cinnamomi was detected in 100% of TwinN and BB5 treated soil, but in 0% of control soil. Nitrate, total N and
organic C were significantly higher in TwinN and BB5 treated soils than untreated control soil. While analyses were
conducted on soil from only one time point, the results show the usefulness of obtaining data on below-ground processes as
well as growth and yield parameters.

MATERIALS AND METHODS

Avocado orchard trials. Trials were conducted on ‘Hass’
trees grafted to ‘Velvick’ rootstock planted in a commercial
orchard at Childers, QLD. Mulches were applied annually
from September 2009. In a separate trial, TwinN and BB5
were applied 4 times between August 2010 and October
2011, in addition to the grower’s regular fertiliser program.
Soil collection and analyses. Soil was collected in
December 2011 from underneath 5 replicate trees for each of
the treatments, and kept cool or at 4 C. Total microbial
activity was determined by the fluorescein diacetate assay
(FDA). Microbial enzymes hydrolysed fluorescein diacetate
to water-soluble fluorescein, which was then quantified
spectrophotometrically. NO3, NH4, total N, organic C were
analysed by the Analytical Services Unit, UQ. Presence of
Phytophthora was determined by the lupin baiting technique
and Phytophthora-specific PCR of soil DNA extracts. P.
cinnamomi was confirmed in selected samples by culture
morphology and sequencing.
RESULTS AND DISCUSSION
Mulched trial. Total microbial activity was greatest in
minimally-mulched (control) soil, which was more than 2x
higher than that from soil mulched with sugarcane filterpress
(Figure 1). Soil nitrate was highest from filterpress
treatment, while organic carbon was highest in woodchip
mulched soils (data not shown). This seems counterintuitive, but it is likely that the high NO3 has reduced the
microbial species abundance, thus reducing the total
microbial activity. Phytophthora cinnamomi (Pc) was
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detected in 75% of soil samples tested (across all
treatments).
Figure 1. Microbial activity in soil samples treated with
various mulches
a

3.6
mg hydrolysed FDA/kg soil/h

INTRODUCTION
The Australian horticultural industries are willing to
embrace “sustainable management practices” for the
production of their fruit and vegetables. These include
reducing their pesticide applications, optimising irrigation
and nutritional regimes, and maintaining a healthy soil and
orchard environment. There are many companies selling a
range of products such as organic and microbial fertilisers
and soil and crop health formulations. Investigations of the
effects of TwinN and BB5 (formulations of root-colonising
bacteria which are able to fix N2), or different mulches on
growth and fruit yield in avocado have only been initiated in
the last few years.
The aim of the current study was to measure total
microbial activity, microbial diversity, NO3, NH4, total N,
organic C and presence or absence of Phytophthora in soil
samples collected from underneath avocado trees receiving
different mulches or microbial treatments.

ab

3.4

bc
c

3.2

3

2.8
Grower
control

Canetop

Avo
woodchip

Filterpress

TwinN & BB5 trial. Total microbial activities were similar
in soils from TwinN and BB5 treatments, and were
significantly lower than that of the untreated control,
although dilution plating indicated microbial diversity was
greater in the TwinN and BB5 soils. Nitrate, total N and
organic C were significantly higher in TwinN and BB5
treated soils than control (Table 1). Pc was detected in
100% of TwinN and BB5 soils, but in 0% of control soil. It
is possible that Pc population decreased rapidly with the
decline of avocado feeder roots in sick trees, or that NH4
levels were sufficient to eliminate Pc. Further discriminatory
testing of effects of mulches and ‘sustainable’ management
products on microbial activity and diversity and pathogen
population complemented by growth, fruit yield and quality
measurements for avocado is necessary.
Table 1. Analyses of soil treated with nitrogen-fixing
bacterial formulations for NH4, NO3, total N and organic C
Treatment
Control
BB5
TwinN

NO3
(mg/kg)
31.5 b
100.3 a
91.0 a

NH4
(mg/kg)
45.3
37.4
36.0

Total N
wt %
0.126 b
0.173 a
0.181 a

Org. C
wt %
1.48 b
1.80 a
1.76 a
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USE OF METHAM SODIUM TO ELIMINATE PHYTOPHTHORA SPP. FROM
ROADING GRAVEL
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ABSTRACT. The introduced soil-borne pathogen Phytophthora cinnamomi (the dieback fungus) can be spread to areas of
native vegetation by the movement of soil, including gravel. Gravel is widely used in Western Australia for road
construction, and many contracts for its supply specify that it must be dieback-free; however, dieback-free gravel is in short
supply. Metham sodium is a soil fumigant that has the potential to eliminate Phytophthora spp. from infested gravel. It is
currently registered for treating soil, but not for treating gravel. Our experimental work shows that it is effective at killing
Phytophthora spp. in infested gravel, and can be used safely. This is the basis of an application to the Australian Pesticides
and Veterinary Medicines Authority for a label change to allow its use for treating gravel stockpiles throughout Australia.
INTRODUCTION
About 3 000 m3 of gravel are needed to construct a km of
rural road. MAIN ROADS Western Australia estimates that
more than 5.5 million m3 of gravel are required annually in
WA. Gravel is cheap, costing about $4 per m3 at the gravel
pit, but costing $9.90-$14.80 per m3 delivered on site.
Cartage is a major cost because gravel is bulky and heavy
(1).
Phytophthora cinnamomi (the dieback fungus) is an
introduced soil-borne pathogen that is associated with the
death of native plants in the south-west of WA. It is readily
spread in infested soil, including gravel. Many contracts for
gravel supply specify that it must be dieback-free, i.e.
sourced from an uninfested site. In the past, gravel suppliers
have been able to meet this requirement; however this is
becoming increasingly difficult. Suitable gravel may be
available, but only from an infested site, so will not meet
contract specifications, or it may only be available a distance
from where it is required, resulting in high transport costs.
Metham sodium is a soil fumigant that may be suitable
to treat infested gravel. It is registered by the Australian
Pesticides and Veterinary Medicines Authority (APVMA)
and is used in intensive horticulture. When applied to moist
soil it decomposes into methyl isothiocyanate (MITC), the
active toxic compound. When metham sodium is applied to
soil, surface sealing is needed to increase the residence time
of MITC and minimise the risk of exposure to the operator.
Gravel contains a small amount of water and fines that
crust on exposure to air. This crust may be sufficient to seal
a stockpile, thus minimising MITC exposure and increasing
residence time.
Metham sodium is currently not registered for treating
gravel. We have conducted several experiments to determine
the rate of metham sodium needed to kill Phytophthora spp.
in gravel, to determine the distribution and persistence of
MITC in treated gravel, and to determine the concentration
of MITC emitted from treated stockpiles. This information
is used in an application to the APVMA for registration of
this treatment to produce dieback-free gravel.
MATERIALS AND METHODS
Efficacy Several experiments using small gravel stockpiles
were prepared on a secure experimental site. Pine plug
inoculum of either P. cinnamomi or P. cinnamomi and P.
multivora contained in small wire cages, was added during
stockpile construction. Metham sodium at the required rate
1.
was also added during construction, ensuring that it did not
come into direct contact with the inoculum. Pine plugs were
removed at different times after treatment and plated onto
selective agar to determine the persistence of Phytophthora.
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MITC concentration in gravel Small quantities of gravel
were removed from different parts of the stockpiles at
different times after treatment. MITC concentration was
determined by standard methods.
Air quality monitoring Air sampling for MITC was
conducted between 0 and 16 m from a treated stockpile for
up to 7 days.
RESULTS
Efficacy Phytophthora spp. could not be re-isolated from
pine plugs in gravel stockpiles treated with metham sodium
within the label rate for soil treatment. A representative
example of results is given in Table 1.
Table 1. Mean recovery (%) of Phytophthora spp. after
13 days in gravel treated with metham sodium. Standard
deviation is given in parenthesis.
Treatment
Metham sodium
Control

P. cinnamomi
0
97 (5)

P. multivora
0
89 (16)

MITC concentration in gravel MITC was well distributed
in treated stockpiles within 3 days; it was not detected after
28 days.
Air quality monitoring MITC was only detected adjacent
to the treated stockpile within 24 hr of treatment with
metham sodium.
DISCUSSION
Metham sodium is effective at killing Phytophthora spp. in
gravel. The surface crusting of gravel is sufficient to prevent
MITC escaping from treated gravel on all but the day of
application. An application has been made/is about to be
made to the APVMA for registration of this treatment.
ACKNOWLEDGEMENTS
MAIN ROADS Western Australia, MERIWA, B&J
Catalano Pty. Ltd. and Nufarm Australia Ltd. provided
financial and/or in kind support. This work was undertaken
at DAFWA’s Medina Research Station, under APVMA
Permit Number PER 7250.
REFERENCES
MAIN ROADS Western Australia (2008). Road building
needs.doc. www.mainroads.wa.gov.au.

14

Go to
Table of Contents

EFFECTS OF SUSCEPTIBLE AND RESISTANT CULTIVARS ON POPULATIONS
OF THE POTATO CYST NEMATODE (GLOBODERA ROSTOCHIENSIS RO1) AND
ON POTATO YIELDS IN VICTORIA, AUSTRALIA
R.F. de BoerA, F. ThomsonA, W.S. WashingtonA, D.V. BeardsellA, N.S. CrumpB, J.K. WainerA, L. NambiarA, S. NorngA, M. HannahA, S.L.
KreidlA and A.L. YenA
A

Department of Primary Industries, Knoxfield VIC, Email: dolf.deboer@dpi.vic.gov.au
B
Victorian Certified Seed Potato Authority, Healesville, VIC

ABSTRACT. The potato cyst nematode (PCN) is a quarantine pest in Victoria affecting a relatively small number of
properties. In trials on an infested property in 2008/09 and 2009/10, cysts were observed to be abundant on the roots of
susceptible cultivars ‘Trent’, ‘Coliban’ and ‘Sebago’ at flowering time but not apparent on the roots of the resistant
‘Atlantic’, ‘Crop 13’ and ‘Nicola’. Viable eggs were on average more abundant after growing susceptible cultivars (average
176 and 206 eggs/g soil in 2008/90 and 2009/10) than after growing resistant cultivars (80 and 70 eggs/g soil). In the 09/10
trial, viable eggs were intermediate in number after a bare fallow (123 eggs/g soil) compared with numbers after susceptible
and resistant cultivars. Marketable yields of the most productive resistant cultivar ‘Crop 13’ were on average 45% higher
than the yields of the popular, but susceptible, ‘Sebago’. These trials show the potential of managing PCN populations with
resistant cultivars and the potential to significantly improve yields by growing resistant cultivars in highly infested fields.
INTRODUCTION
Potato cyst nematode, Globodera rostochiensis (Ro1), was
first detected in the State of Victoria in 1991 (1). Its
distribution is restricted to several properties east of
Melbourne that are subject to quarantine control. In one
district, farmers have grown potatoes on infested sites for 20
years. There is evidence of a greater abundance of PCN and
reduced potato productivity in this area with the frequent
cropping of susceptible varieties. Options for managing the
nematode, apart from regulation, have not been explored by
government agencies or by industry. This paper reports on
the results of two trials conducted on an infested site that
compare the effects of susceptible and resistant varieties on
numbers of viable eggs of PCN in soil and compare the
yields of these varieties.

Viable egg and yield data are presented in Table 1. In
both trials, viable eggs/g soil at harvest were, on average,
more (P<0.05) abundant after growing susceptible cultivars
than after growing resistant cultivars, and intermediate in
number (P>0.05) after a fallow in the 09/10 trial. A
comparison of the change in viable eggs numbers between
planting and harvest (REML), showed more (P<0.05) eggs
after susceptible cultivars at harvest, a trend of less (P>0.05)
eggs after the resistant cultivars and no change (P>0.05)
after a fallow period. The marketable yields of the three
resistant cultivars were greater than those of the susceptible
Sebago and Trent (P<0.05) in both trials. However, yields of
Coliban were similar to the yields of the resistant cultivars,
indicating a possible higher level of tolerance in this cultivar
to root infestation by the nematodes.

MATERIALS AND METHODS
Trial design was a randomised block with susceptible
Sebago, Coliban (ware) and Trent (crisping) and resistant
Nicola, Crop 13 (ware) and Atlantic (crisping) each planted
in 10 m long, two-row (2008/09) or four-row (2009/10)
plots, replicated 6 times. An additional treatment of a bare
fallow (two plots per block) was included in the 09/10 trial.
Certified seed potatoes of each cultivar were planted in
November and December in 2008 and 2009. Potato
husbandry was managed by the grower as per the adjacent
commercial potato crop for each trial. The middle seven
meters of each plot were harvested in June (two rows in
2009 and middle two rows in 2010) and the yield of tubers
in unmarketable (<120 g, > 450 g) and marketable (120450g) ware categories recorded.
A 500 g soil sample was taken from each plot before
planting and again after harvest (40 cores, 15 mm diam. by
100 mm deep/plot) (middle two rows only in 09/10). PCN
cysts were extracted from each soil sample by standard
methods (2). The number of viable eggs was determined in
sub samples of cysts that were extracted from the pre
planting and harvest soil samples (2% of total cysts or a
minimum of 30 cysts) from each plot of replicates 1, 3 and 6
in 08/09 and 1, 3, 5 and 6 in 09/10 and expressed as egg
number/g soil. Harvest egg data (pre-plant egg data as a
covariate) and yield data were analysed by ANCOVA and
REML. All statistical analyses performed in GenStat™ 14.1.

Table 1. Estimated means of viable PCN eggs after a fallow,
and after harvest of susceptible (S) and resistant cultivars
(R) and means of marketable tuber yields in two field trials
in Victoria. (na, not applicable)

RESULTS AND DISCUSSION
Average pre-planting populations over the two trial sites
were 746 cysts/500 g soil and 115 viable eggs/g soil per
plot. Cysts were observed to be abundant on the roots of the
three susceptible cultivars but not apparent on the roots of
the three resistant cultivars in both trials.
7th Australasian Soilborne Diseases Symposium

Cultivar
Coliban (S)
Sebago (S)
Trent (S)
Fallow
Atlantic (R)
Crop 13 (R)
Nicola (R)

Viable eggs/g soil
2008/09
2009/10
197 a
232 a
178 ab
286 a
153 ab
215 a
na
138 b
103 bc
70 bc
84 bc
83 bc
54 c
87 bc

Yield (t/ha)
2008/09 2009/10
30.1 a
21.9 b
17.6 c
14.1 c
7.7 c
11.5 c
na
na
24.7 b
20.5 b
31.9 ab
26.3 a
27.0 ab
20.0 b
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YIELD LOSS IN DURUM WHEAT IS RELATED TO PRE-PLANTING
CONCENTRATIONS OF FUSARIUM PSEUDOGRAMINEARUM DNA IN SOIL
A

M.L. EvansA and G.J. HollawayB
SARDI, Adelaide. Email: marg.evans@sa.gov.au
B
DPI, Horsham.

ABSTRACT. This study explored relationships between pre-planting inoculum of Fusarium pseudograminearum and yield of crown
rot in durum wheat in south eastern Australia. Real-time quantitative PCR was used to measure F. pseudograminearum DNA
concentrations (inoculum) prior to planting in soil samples which included infected crop residues. Pre-planting inoculum and grain
yield were measured for seven field experiments (2005-2009) at one Victorian and two South Australian sites. As pre-planting F.
pseudograminearum DNA concentrations increased, grain yield decreased with significant relationships in all but two experiments
where combined September+October rainfall (COSR) was higher than the long term average. Yield losses of 6% to 8% occurred
with each doubling of inoculum where COSR was below average, but yield losses of only 1% to 3% occurred where COSR was
above average. This is the first time direct relationships between F. pseudograminearum DNA concentrations in soil samples taken
prior to planting and yield of durum wheat have been demonstrated. These relationships were consistent across experiments and
between states, which gives confidence that risk categories developed using pre-planting soil sampling and DNA technology will
have wide commercial applicability. The influence of increasing inoculum levels on yield and its moderation by COSR highlights the
need for multiple experiments conducted over a range of conditions when undertaking field research with crown rot.
INTRODUCTION
Crown rot, caused by F. pseudograminearum and F. culmorum,
affects all winter grown cereals and results in significant yield
losses in south eastern Australia. There are few in-crop
management options for crown rot, which makes it important for
growers to be able to select fields with low crown rot inoculum
when sowing high risk cereals such as durum wheat.
The suite of soilborne diseases detected and quantified by
PreDicta BTM (a commercial root disease testing service),
includes F. pseudograminearum and F. culmorum. However,
the similarity of relationships between pre-planting Fusarium
spp. DNA in soil samples and yield of cereals over a range of
climatic conditions and across regions has not been verified.
Demonstrating consistency in these relationships would lay the
foundation for improving the accuracy of crown rot risk
categories used in the PreDicta BTM service.
This study examines the relationships between pre-planting
concentrations of F. pseudograminearum DNA, spring rainfall
and yield of durum wheat.
MATERIALS AND METHODS
Experiments were located in Victoria (Longerenong 2007,
2009) and South Australia (Cambrai 2005; Hart 2008, 2009).
Minimal inoculum of soilborne cereal root diseases was present
at the sites and crown rot inoculum was artificially introduced up
to 5 years prior to this study.
Soil cores, including plant residues, were taken prior to
planting to a depth of 100 mm using an AccucoreTM sampler.
QPCR assays based on rDNA (TaqManTM) probe sequences
were applied to the total DNA extracted from soil samples (each
sample being a composite of 24-40 soil cores). Disease incidence
(stems with basal browning and whitehead expression) data were
recorded but are not presented here.

Associations of yield (square root transformed) with preplanting fungal DNA (log10 + 1 transformed) were investigated
using linear correlations and simple linear regressions.
RESULTS AND DISCUSSION
As pre-planting concentrations of F. pseudograminearum DNA
in soil increased, yield of durum wheat decreased (Table 1). In
only two instances were the relationships not statistically
significant – both in experiments where combined
September+October rainfall (CSOR) was below the long term
average (Table 1). This is the first time such relationships have
been demonstrated under field conditions and emphasise the
need for keeping crown rot inoculum levels as low as possible in
commercial fields being sown to durum wheat.
These findings validate the use of pre-planting
concentrations of F. pseudograminearum DNA in soil for
prediction of the risk of yield loss from crown rot in commercial
fields. Development of robust risk categories for crown rot will
be the subject of a future publication.
Yield losses of 6% to 8% occurred with each doubling of
inoculum where COSR was below average, but yield losses of
only 1% to 3% occurred where COSR was above average (Table
1). The influence of increasing inoculum levels on yield and its
moderation by COSR highlights the need for multiple
experiments conducted over a range of conditions when
undertaking field research with crown rot.
Yield loss patterns in relation to CSOR were consistent
across experiments and between states (Table 1). This implies
that risk categories developed for crown rot should have
applicability across a wide area.
ACKNOWLEDGEMENTS
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Table 1. Relationships between pre-planting soil concentrations of DNA of Fusarium pseudograminearum and grain yield of
durum wheat in Victoria and South Australia, 2005-2009.
Correlation coefficients,
% Yield loss if soil
Rainfall
Year
NA
fungal DNA vs yield
DNA doubles
CSORB (%)
Hart experiment 1
2008
28
7
14
-0.53**C
Hart experiment 2
2008
72
8
14
-0.54***
Longerenong
2007
11
6
35
-0.87***
2009
12
-0.24
1
128
Longerenong experiment 1
2009
12
-0.40
1
128
Longerenong experiment 2
Hart
2009
24
1
132
-0.44*
Cambrai
2005
72
3
233
-0.43***
Number of soil samples (each sample being a composite of 24-48 soil cores).
Combined September and October rainfall presented as a % of the long term September and October rainfall for the site.
*
P <0.05; ** P <0.01; *** P <0.001. P values for a 1 tailed test.
Location

A
B
C
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DETECTION OF A POTENTIAL PATHOGEN, CAUSING AZORELLA DIE-BACK
ON MAQUARIE ISLAND, USING NEXT-GENERATION SEQUENCING
A

M. GlenA, T. RudmanB, Y.Z. QingB, H. AchurchB, M. DieckmannB and C.L. MohammedA,
Tasmanian Institute of Agriculture. University of Tasmania, Private Bag 98, Hobart, Tas, 7001 Email: Morag.Glen@utas.edu.au
B
Department of Primary Industries, Parks, Water and the Environment. GPO Box 44, Hobart, Tas, 7001

ABSTRACT. Next-generation sequence technologies were used to characterise fungal bacterial and oomycete communities
associated with healthy and die-back affected plants of Azorella maquariensis to determine whether a potential pathogen is
associated with the die-back. A species of Rosellinia was the most frequently detected fungal species overall and was
strongly associated with roots and rhizosphere soil of die-back affected plants. While Koch’s postulates must be fulfilled to
demonstrate that this pathogen is a primary cause of the die-back on Macquarie Island, this finding provides strong evidence
to support this hypothesis. Further attempts to isolate the pathogen responsible for Azorella dieback will include techniques
or selective media suitable for this genus.
INTRODUCTION
Azorella macquariensis, a keystone species of Macquarie
Island's feldmark habitat, has been adversely affected by
dieback in recent years. The remote location and extreme
climate of Maquarie Island increases the difficulty of
isolating a potential pathogen. Attempts to isolate a
pathogen associated with the dieback have failed, and it has
been hypothesized that the dieback is a response to changes
in climate. Recent advances in DNA sequencing
technologies have increased the capacity to characterise
fungal and microbial communities. Next-generation
sequencing technologies were exploited to characterise
fungal, oomycete and bacterial communities associated with
healthy plants and those affected by dieback in an attempt to
determine whether a potential pathogen was associated with
dieback-affected plants.
MATERIALS AND METHODS
Sampling: 36 healthy and 36 die-back affected A.
macquariensis were sampled from 20 sites across Macquarie
Island, two to three replicate plants at each location.
Rhizosphere soil from each plant was also sampled.
DNA extraction, PCR and Sequencing: DNA was
extracted from the roots, adventitious roots and leaves using
previously described methods (Glen et al 2002). DNA was
also extracted from rhizosphere soil using a MoBio
Powersoil DNA extraction kit. Target gene regions (fungal
rDNA ITS and beta-tubulin, oomycete rDNA ITS2 and
bacterial 16S rDNA) were amplified using primers with
different markers for healthy and diseased samples and for
the different substrates. PCR products were pooled and
sequenced on a Roche FLX 454 sequencer by Research and
Testing Laboratories, Texas. Sequences were grouped into
OTUs using CD-hit (Huang et al., 2010).
Statistical analyses: PERMANOVA, canonical analysis of
principal
co-ordinates
(CAP)
and
non-metric
multidimensional scaling (MDS) analyses of microbial
communities were carried out using PRIMER6 (Clarke and
Gorley, 2006). Statistical analyses were based on percentage
composition of OTUs in each sample.

Xylariaceae, also associated with roots and soil of diseased
plants. More precise identification was not possible due to
the lack of reference sequences with high sequence
similarity. These two OTUs may represent the same species,
but confirmation of this is dependent on obtaining an isolate
and comparing both sequences. While precise species
identification was not possible based on the sequence data, it
is closely related to R. quercina and R. desmazierii.
CAP analyses based on Euclidean distance and Bray-Curtis
similarity gave concordant results, with roots having the
most distinctive fungal communities, and roots from healthy
plants quite distinct from those of diseased plants. The
Rosellinia sp. was a major contributor to differentiation of
the fungal community from diseased roots.
An oomycete species, unable to be identified more
accurately, was also associated with diseased roots, but was
detected at much lower abundance.
DISCUSSION
From the CAP analysis of the fungal datasets, one fungal
species is strongly associated with roots of diseased plants
and is also present in the soil around these roots. The genus
Rosellina includes the well-known and wide-spread plant
pathogen R. necatrix, that is a serious pathogen of several
fruit and nut tree species. R. desmazieresii is considered
more of a saprophyte that can become parasitic. No species
of Rosellinia has been isolated from the Azorella
maquariensis plants so no pathogenicity tests can be
conducted until an isolate is obtained, but this species is
considered a likely cause of the dieback. No other candidate
fungus, oomycete or bacterial species is so strongly
associated with diseased roots. Further isolation attempts,
particularly targeting Rosellinia spp., are a high priority for
future work.
As the analysis described here was based on pooled
data, it is not known whether the Rosellinia sp. was present
in all diseased root samples. The next steps will therefore
include the design of specific primers and qPCR of
individual root and soil DNA samples to ascertain that the
Rosellinia sp. is consistently present. Samples from Marion
Island, where a similar dieback is affecting another Azorella
species, will also be tested to determine whether the same
species is also present there.

RESULTS
Amplification was successful from all primer/sample
combinations. A total of 87,065 sequences were obtained,
though three samples (two from the β-tubulin data-set and REFERENCES
one from the Oomycete data-set) produced no or very few
Clarke, K.R., Gorley, R.N., 2006. PRIMER v6: User
sequences.
Manual/Tutorial. PRIMER-E, Plymouth.
The most abundant OTU in the fungal rDNA ITS dataset
Huang, Y., Niu, B., Gao, Y., Fu, L. and Li, W. (2010) CD-HIT
was a species of Rosellinia (Xylariaceae), that was strongly
Suite: a web server for clustering and comparing
associated with roots and soil from diseased plants. The
biological
sequences.
Bioinformatics
26;
680.
most abundant OTU in the β-tubulin dataset was a species of
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RHIZOCTONIA SOLANI AG8 INOCULUM LEVELS IN AUSTRALIAN SOILS ARE
INFLUENCED BY CROP ROTATION AND SUMMER RAINFALL
V.V.S.R. GuptaA, A. McKayC, S. DialloA, D. SmithC, A. CookD, J. KirkegaardB, K. Ophel-KellerC, W. Davoren A, R. LlewellynA
and D.K. RogetE
A
CSIRO Ecosystem Sciences, Urrbrae, 5064 SA, BCSIRO Plant Industry, Canberra ACT 2601
C
SARDI, Urrbrae, 5064, SA, DSARDI, Minnipa, SA; Eformerly CSIRO
Email: Gupta.Vadakattu@csiro.au

ABSTRACT Rhizoctonia solani Kühn AG-8 causes seedling diseases in a wide range of cereal, legume and oilseed crop
plants. The expression of Rhizoctonia disease in any specific field is a result of management and environmental factors that
influence the level of pathogen inoculum, inherent suppressive activity, N availability and crop/root vigour. Changes in the
pathogen inoculum DNA level both in-crop and off-season were measured in field experiments in SA and NSW. Inoculum
levels generally increased within cereal crops whereas non-cereal rotation options either reduced or caused no change.
Inoculum levels were consistently lowest after canola or mustard in all sites and experiments. The effect of rotation on
Rhizoctonia inoculum levels lasted for one crop season. Multiple rainfall events during summer can reduce inoculum levels
from high to low disease risk. The identification that brassica oilseeds can provide an effective control of Rhizoctonia
provides growers with the first documented rotational option for Rhizoctonia disease control.
INTRODUCTION
Rhizoctonia bare patch caused by Rhizoctonia
solani Kühn AG-8 is a seedling disease of a wide variety
of crops which decreases root length resulting in reduced
plant growth and yield losses. Previous research has
given us a variety of management options that may
reduce disease incidence in direct drill systems and some
weed management options to remove inoculum sources.
However, Rhizoctonia bare patch disease is still causing
significant losses to production in cereals, in particular in
the southern Australian dry land crops, and has increased
in recent dry seasons.
R. solani fungus grows on soil organic matter and
produces a hyphal network in the surface soil (1). It has
been the previous inability to define and link the various
edaphic, plant and environmental factors that has limited
the predictability and management of this disease.
Improved capabilities including DNA (inoculum and
communities) and biochemical (catabolic diversity)
techniques will now allow us better measure the changes
in pathogen and soil microbial communities and link
them to disease incidence. We investigated the effect of
management and environmental factors on inoculum
levels under different rotation and tillage systems.

1600
Continuous Wheat NT

R. solani AG8 (pg DNA/g soil)

Whet after fallow NT

7th Australasian Soilborne Diseases Symposium

Wheat after Canola NT

1200

Wheat after Pasture NT
Canola NT

1000

Pasture NT
Fallow NT

800

600

400

200

0
May

July

September

October

December

Figure 1. Effect of crop type and fallowing on the buildup of R. solani AG8 DNA in a field experiment at
Streaky Bay in SA. Dashed line represent inoculum level
considered high disease risk.
Table 1. Effect of rotation crops, fallowing and summer
rainfall on the concentration of R. solani AG8 DNA (pg /
g soil) in soils.
Crop /
Treatment

MATERIALS AND METHODS
Surface soil (0-10cm) samples were collected from
selected crop rotation and tillage treatments in multi-year
field experiments (2008-2011) at Waikerie (Alfisol) and
Streaky Bay (Calcarosol) and Karoonda (Calcarosol) in
SA and Galong (Red Brown Earth) in NSW. Samples
were collected at monthly intervals in crop and after crop
harvest. Soils were analysed for R. solani AG8 DNA
concentration (PredictaB®, SARDI, RDTS), microbial
activity, dissolved organic C and mineral N levels.
RESULTS and DISCUSSION
R. solani DNA levels were dynamic both within the crop
season and during summer (Table 1). Results from more
than 15 field experiments over 3 crop seasons showed a
significant build-up of the inoculum in cereal crops
(wheat, barley and cereal rye), whereas, in the non-cereal
crops inoculum levels were either reduced or no change
was observed (Figure 1). R. solani DNA concentrations
generally decreased during summer in all the treatments
and at all four sites. In the absence of host plants,
summer rainfall events of >25mm in a week
substantially reduce the level of inoculum, mostly due to
microbial competition, whereas inoculum levels can
increase during dry periods lasting 4 or more weeks. Soil
microbial activity at sowing had a strong influence on the
level of disease incidence (data not shown).

Continuous Wheat Cultiv

1400

# sites No. of Inoculum level at
(soils) seasons harvest compared

Wheat
Barley
Cereal Rye
Canola
Mustard
Peas
Lupins

4 (3)
2
1/3
4 (3)
1 (2)
1 (2)
1 (3)

3
2
2
3
1
1
2

Medic pasture

4 (3)

3

2

3

Fallow

to sowing

Inoculum
decline with
summer rainfall

Increased (***)
Increased (***)
Increased (***)
Decreased (***)
Decreased (***)
Decreased (*)
Increased (**)

Sig
Sig
Mod
Sig
Sig
Highly sig
Highly sig

Decreased/no
change (*)&
Decreased/no
change (*)&

Sig (variable)
Sig (variable)

NB: *=<2-fold, **=5-fold, ***=>10-fold; &=affected by the
presence of grasses.
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CONTAINMENT AND ERADICATION OF PHYTOPHTHORA CINNAMOMI IN
NATURAL ECOSYSTEMS
A

C. DunneA, R. HartleyA, W. DunstanB, C. CraneA and B. ShearerA
Dept. Environment and Conservation, Perth. Email: Chris.Dunne@dec.wa.gov.au
B
Murdoch University, Perth

ABSTRACT. Phytophthora cinnamomi is an introduced soil-borne plant pathogen and one of the greatest threats to the
biodiversity of south-west Western Australia (WA). It spreads between plants by root-to-root contact, in surface and
subsurface water flow and by movement of soil and plant material, primarily on vehicles, footwear and animals.
Approximately 40% of WA’s flora are susceptible to the disease caused by P. cinnamomi. Once it has been introduced to an
area, it persists, resulting in a permanent decline in ecosystem function. Infestations in native plant communities lead to
canopy cover loss, hydrology changes, and increased soil temperature and moisture. The disease also alters the composition,
diversity, structure and biomass within these communities. A research-based program is underway to protect vulnerable
priority areas from the threat of P. cinnamomi. The program aims to identify new infestations and either contain or eradicate
them before the pathogen spreads across the landscape into high biodiversity value areas. The program has successfully
eradicated one infestation and contained another two within Cape Arid and Fitzgerald River National Parks. This integrated
management approach involves: strict hygiene and access protocols; systematic mapping of pathogen occurrence; installation
of hydrological engineering controls; vegetation destruction; herbicide, fungicide and fumigant treatments; and detailed
monitoring. These techniques have broad application in other P. cinnamomi management projects or the control of other soil
borne plant pathogens.
INTRODUCTION
The introduced soil-borne plant pathogen Phytophthora
cinnamomi poses a real threat to biodiversity across
Australia. To date, mitigation efforts have concentrated on
reducing the rate of spread from infested areas or
introduction of the pathogen into new areas.
Since 2006, the Department of Environment and
Conservation has been using applied research to develop
techniques for managing the pathogen once introduced into
natural areas. Previous work showed that fumigants such as
metham sodium have been shown to eradicate the pathogen
from infested areas (Dunstan et al. 2010).
MATERIALS AND METHODS
Site selection and analysis A number of infestations,
considered being less than 12 months post-introduction,
were assessed for suitability. Two sites with differing soil
and landscape characteristics were selected, as well as one
site already under close management (Dunne et al. 2012).
Intensive sampling was conducted around their
sites to define disease boundaries. Hydrological analysis was
conducted to predict pathogen movement and inform
engineering solutions. Soil analysis informed actions for
chemical application and physical works. Weather stations
were installed and high definition digital elevation
modelling was conducted to provide accurate localised data.
Containment Fencing was installed around the two
infestations with signs of significant faunal movement. The
chemical phosphite has for many years been used to inhibit
the pathogen and stimulate plants’ defence systems to
prolong survival. It was used at each site with a significant
buffer outside the experimental areas.
Impermeable plastic bunds were used to reduce
the volume of water entering the site and to stop infested
water leaving the containment areas. Semi-permeable
membranes were tested in laboratory conditions and shown
to stop pathogen movement under neutral pressure
conditions. These membranes were installed on site to filter
the pathogen from surface and subsurface water flow.
Eradication Herbicide was applied to the infested areas to
remove the host plants. In the one site with deep sand, a soil
fumigant, metham sodium, was applied at depth (500 – 600
mm) and to the top soil.
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RESULTS
Containment Fencing has been found to reduce animal
movement though was not successful in complete removal
of this vector. The impermeable bunds were effective in
reducing the level of soil moisture within, as well as
controlling water flow away from, the containment areas,
even after significant rainfall events. To date, the semipermeable membranes appear to have been effective in
filtering P. cinnamomi inoculum, with intensive sampling
outside the infestations not isolating the pathogen despite
favourable conditions.
Eradication Effective herbicide application was challenging
due to the desire to minimise non-target impacts. The
herbicide did not result in the complete removal of living
vegetation. However, this was achieved through soil
fumigant application. Targeted and thorough sampling
shows that the pathogen has not been able to persist.

Figure 1. Application of metham sodium to eradicate a
P. cinnamomi spot infestation in Cape Arid National Park.
DISCUSSION
This research demonstrates that the pathogen P. cinnamomi
can be eradicated from natural systems post-introduction
with favourable site conditions. This has great implications
for the management of the plant disease and the protection
of high conservation value areas.
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CROP SELECTION AND TRICHODERMA TR905 INOCULATION SUPPRESSES
PYTHIUM IRREGULARE ROOT DISEASE INCIDENCE AND SHIFT THE
GENETIC STRUCTURE OF PATHOGEN POPULATIONS
A

P.R. HarveyAB, B.E. StummerA, R.A. WarrenA and H. YangB
CSIRO Ecosystem Sciences and Sustainable Agriculture Research Flagship, Waite Campus, PMB2, Glen Osmond, 5064, SA
B
Biology Research Institute, Shandong Academy of Sciences, Jinan, Shandong, P.R. China. Email: Paul.Harvey@csiro.au

ABSTRACT. Crop selection, metalaxyl-M seed treatment and Trichoderma Tr905 inoculation were used to assess disease
suppression of Pythium irregulare. Treatment efficacies were determined by quantifying soil-borne pathogen inoculum levels
and root isolation frequencies. Peas were defined as the most susceptible crop, followed by canola, wheat and barley. Tr905
significantly reduced P. irregulare wheat root infection and was comparable to metalaxyl-M seed treatment. Population
genetic analyses resolved significant inter- geographical and host-based differentiation within P. irregulare, indicating hostbased selection of pathogen genotypes. Crop selection, chemical and inoculant treatments shift the population dynamics,
genetic structure and disease incidence of P. irregulare, providing opportunities for more effective, integrated disease
management.
INTRODUCTION
Pythium irregulare is common in agricultural soils, reported
to cause pre-emergent blight & root rot of crops & pastures
(1). P. irregulare infects a broad range of hosts & inoculum
carryover is hypothesised to increase disease incidence &
reduce grain yields (1). Rotations are therefore, thought to
be ineffective in suppressing disease.
Host species have however, been reported to effect the
genetic structure of P. irregulare populations (1).
Determining impacts of host-mediated selection on the
dynamics of P. irregulare genotypes and the relationships to
disease incidence may avoid planting highly susceptible
crops. Integrating crop selection, chemical and inoculants
treatments will assist development of novel disease
suppression strategies for P. irregulare.
MATERIALS AND METHODS
Crop selection (barley, canola, peas & wheat) & Pythiumselective chemical (metalaxyl-M 0.35 g ai Kg-1 seed) trials
were established at Clare & Paskeville (SA). A wheat
disease suppressive inoculant (Trichoderma Tr905) trial was
established at Paskeville. Soil samples were collected at
sowing (T0) & 12 weeks post-emergence (T1). Root
samples were taken at T1. Inoculum & root isolation
frequencies were quantified as described previously (1).
DNA from 20 P. irregulare isolates per crop was purified
and host-based populations were subjected to population
genetic analyses with RFLP (1) & AFLP markers (2).
1.
RESULTS AND DISCUSSION
Crop selection and metalaxyl-M. P. irregulare isolation
frequencies were significantly greater (P<0.05) from peas
than canola, wheat or barley. There were no significant
decreases in root isolation frequencies with metalaxyl-M. At
Clare, peas supported the highest inoculum (P<0.05) &
metalaxyl-M significantly (P<0.05) decreased inoculum of
each crop. At Paskeville, only canola inoculum was
significantly (P<0.05) reduced by metalaxyl-M.
Disease suppressive Trichoderma Tr905. Both metalaxylM & Tr905 significantly reduced wheat root infection. Only
Tr905 showed no significant increase in pathogen inoculum
in the first 12 weeks of crop growth.
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Table 2. P. irregulare soil-borne inoculum & root infection
frequencies resulting from Trichoderma Tr905 inoculation
& metalaxyl-M (LSD inoculum = 44, LSD roots = 0.167).
Treatment
Inoculum3(g-1 soil)
Isolation
frequency
Sowing
12 weeks
12 weeks
Paskeville
Untreated
240 bc
290 a
0.380 a
Metalaxyl-M
230 c
280 ab
0.168 b
270 abc
0.191 b
Trichoderma
240 bc
Genetic structure of P. irregulare populations. Significant
(P<0.05) geographic and crop-based genetic differentiation
was detected among P. irregulare populations. This was
most evident in comparisons of pathogen populations
isolated from rotation (1 year) versus repeated cropping of
the same host (2 years).
Crop selection, metalaxyl-M & Tr905 inoculation have
been shown to impact on the dynamics, genetic structure &
disease expression of P. irregulare. This therefore offers
opportunities to manipulate pathogen populations and
develop more effective, integrated disease management.
ACKNOWLEDGEMENTS
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COMPARISON OF MICROBIAL COMMUNITIES, PROTEINS AND
METABOLITES IN SOIL SUPPRESSIVE OR CONDUCIVE TO RHIZOCTONIA
BARE PATCH DISEASE
A

H.L. Hayden, C.Y. Allan, C. S. Ang, V. Ezernieks, S. Rochfort, P. MeleA
Department of Primary Industries, Bundoora, Victoria, Australia. Email: Helen.Hayden@dpi.vic.gov.au

ABSTRACT. A comparative analysis was undertaken for soil samples from two adjacent fields at Avon, South Australia,
one shown to have disease suppressive traits for Rhizoctonia solani AG8 and the other to be conducive to the pathogen.
Community structure analysis of bacterial and fungal communities using Terminal Restriction Fragment Length
Polymorphism (T-RFLP) showed distinct groups for suppressive and non-suppressive fields while archaeal and mycorrhizal
communities did not differ. RNA was extracted from soil and used to examine differences in community composition and
gene expression between the suppressive and non-suppressive fields by next generation sequencing of the soil
metatranscriptome. Methods for the extraction of the soil metaproteome were developed and optimised to concentrate the low
amount of protein in soil for subsequent liquid chromatography-mass spectrometry (LCMS) analysis. More than 20 protein
features were identified from the suppressive and non-suppressive soil (P < 5e-3). Soil metabolites were extracted and
analysed with 20 highly significant (P<5e-9) potential biomarkers differentiating suppressive and non-suppressive soils
identified by LC-MS. Using nuclear magnetic resonance (NMR) techniques approximately five classes of metabolites were
identified as being significantly associated with suppressive or non-suppressive soils. Further identification and
characterisation of potential biomarkers or microbial signatures identified in our disease suppressive soil is currently
underway.
INTRODUCTION
In disease suppressive soils some of the indigenous
microorganisms protect susceptible crops from certain plant
pathogens. Grain growing soils naturally suppressive to
Rhizoctonia solani AG8 have been described at Avon, S.A.
(Roget 1995). This project utilises “-omic” technologies to
examine disease suppressive soils and has the potential to
unlock new genetic information which can be linked to
disease suppression levels and ultimately improved disease
management. The aim of the project is to determine which
microorganisms contribute to the development of disease
suppression in soil, and which enzyme, proteins or
metabolites produced may result in reduced disease severity
and incidence.
MATERIALS AND METHODS
Soils were sampled from suppressive and non-suppressive
fields prior to sowing (May 2011) and 7 weeks after sowing
(July 2011). Soil chemical analysis was undertaken to
collect metadata. DNA and RNA were extracted from soil
using commercial kits (MoBio). DNA was used for T-RFLP
analysis of the 16S rRNA of bacteria and archaea, ITS
region of fungi and large subunit for mycorrhizae. RNA was
extracted from 24 samples to compare suppressive and nonsuppressive fields at different crop stages using
metatranscriptome sequencing. Libraries were prepared for
Ilumina HiSeq sequencing.
Different protein extraction protocols for soil were
trialled. A protocol was developed and optimised using a
combination of detergent, reducing agent and a protein
precipitation step. Validation of protein features was done
using a triple quad based (MRM) approach. Soil samples
were extracted and analysed for metabolites by LCMS and
NMR techniques.
RESULTS AND DISCUSSION
The community structure analysis for bacteria and fungi
based on 96 samples revealed distinct groups for each field
with the pre- and post-sowing suppressive samples being
more similar to each other than non-suppressive samples.
Archaeal community structure showed groupings by field
but may have been influenced by crop stage as post-sow
suppressive samples clustered closer to the non-suppressive
post-sow samples. Mycorrhizal fungi have been implicated
in disease suppression, however there was no difference in1.
the mycorrhizal diversity across our fields.
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Analysis of the metatranscriptome is underway to
determine the composition of the microbial community in
the
suppressive
and
non-suppressive
fields.
Metatranscriptome sequencing protocols were tested in a
pilot study of 8 samples resulting in 2.5-4 million sequences
of 100 bp length per sample. By analysing ribosomal RNA
the active species that differ between fields and at different
crop stages can be examined, including when pathogen
infection of grain seedlings may occur.
Microbial community functional properties were
assessed in disease suppressive soils to identify bioactive
compounds associated with disease suppression. More than
20 protein features were identified from suppressive and
non-suppressive soil (P<5e-3). A targeted identification of
these features revealed a plant-based pathogenesis related
(PR) protein being significantly up regulated in the disease
suppressive soils (P<5e-4). The protein extraction protocol
developed allowed the concentration of low amounts of
protein and effectively opened the way for proteomics-based
analysis of soil. Being a one-step extraction process the
protocol reduced bias and the large number of additional
samples associated with the fractionation extraction process
first trialled. The potential also exists to compare mRNA
transcripts to proteins identified in the soil samples.
Soil samples were extracted and analysed for
metabolites with 20 highly significant (P<5e-9) potential
markers differentiating suppressive and non-suppressive
soils identified using LC-MS. By NMR approximately five
classes of metabolites were identified as being significantly
associated with suppressive or non-suppressive soils.
Metabolites identified from the 2011 samples will be
validated in samples collected in 2012. Structural
characterisation of any biomarkers identified will be
undertaken utilising 2D NMR techniques and mass
spectrometry to allow de novo assignment of chemical
structure. The chemical identity of some biomarkers will
also be undertaken. This will include LCMS/MS analysis
with accurate mass measurement to allow determination of
molecular formulae and key subunits.
ACKNOWLEDGEMENTS
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INTEGRATED DISEASE MANAGEMENT OPTIONS TO CONTROL
RHIZOCTONIA BARE-PATCH IN WHEAT
A

D. HuberliA, M. ConnorA, S. MiyanA and W. MacLeodA
Department of Agriculture and Food Western Australia, South Perth, WA. Email: daniel.huberli@agric.wa.gov.au

ABSTRACT. Rhizoctonia bare-patch (Rhizoctonia solani AG8) is a major problem across Western Australia’s cereal
growing regions. Additional disease management options are needed as the current do not offer adequate control in severe
paddocks. Three field trials were conducted: 1) cultivation below the seed and Dividend® seed treatment resulted in the
lowest R. solani inoculum level at anthesis compared to either treatment alone; 2) a new fungicide injected below the seed
increased yield significantly when applied at the highest rate, although there were no differences in disease on roots; and 3) a
test of rotation crops showed the soil inoculum levels of R. solani were elevated by barley and wheat, but canola and fallow
plots resulted in an overall decline. The results support the recommendation to farmers that in paddocks with a history of
Rhizoctonia bare-patch, use cultivation below the seed and a registered fungicide. Also, it is suggested that a break crop of
canola or fallow may be useful preceding cereals, although the disease level in the following wheat crops is yet to be
assessed. Reduced disease and yield improvements were demonstrated with the new fungicide, but work on this and other
new fungicides is continuing.

MATERIALS AND METHODS
Three field trials were conducted in 2010 to 2012. Trial 1
(Wickepin, 2010) determined the impact of cultivation and
the current seed treatment on R. solani soil inoculum level
(PreDicta-B). It was sown with untreated wheat seed or seed
that was treated with Dividend, using knife-points tilling to a
depth of the seed or 10 cm below the seed. Trial 2 (Corrigin,
2011), sown to wheat, investigated the efficacy of a new
fungicide liquid injected 3 cm below untreated seed. Three
rates of a new fungicide were tested. Trial 3 (Katanning,
2011 and 2012) examined the influence of crop rotation on
R. solani soil inoculum level, and was sown to barley,
wheat, canola and fallow in 2011. DNA levels (PreDicta-B)
were assessed at before sowing and anthesis in 2011, and
every 6 wk over summer until sowing in 2012.

highest rate compared to untreated plots. At the two highest
rates there was a significant increase in yield of 0.16 and
0.26 t/ha compared to the untreated Nil. The new fungicide
shows some promise to reduce disease and improve yield.
300

Nil seed
Dividend®…

R. solani pg DNA/ g soil

250
200
150
100

Sowing DNA
levels

50
0
Nil

10 cm below
Cultivation below seed

Figure 1. R. solani DNA soil levels at anthesis sampling
compared with levels at sowing for plots with treatments of
seed dressing with Dividend® (+/-) and cultivation 10 cm
below seed (+/-).
Crop rotation Both cereal crops significantly increased the
inoculum level of R. solani over the growing season in 2011
(Figure 2). The inoculum levels of these anthesis samples
and into summer 2012 were always higher than those for the
canola and fallow plots. Additional over-summer samples
are being analysed. In 2012, plots have been sown to barley
with treatments of fungicide injection, Dividend® seed
dressing, and a cultivation below the seed. The disease
levels in the 2012 crops are yet to be assessed
R. solani log (pg DNA/g soil+1)

INTRODUCTION
Rhizoctonia bare-patch (R. solani AG8) is a major problem
across Western Australia’s (WA) cereal growing regions
and is estimated to reduce yields by 1 to 5% annually.
Australia has one registered fungicide for use on seed which
claims to suppress rather than control the disease. Current
management practices to minimise the impacts of R. solani
in WA are combinations of, cultivation below the seed with
fungicide seed-dressing in direct-drilled crops and adequate
nutrition. Alternative fungicides and/or delivery methods
(such as liquid injection) would provide greater flexibility
for management of R. solani.
In South Australia it has been shown that canola and
other non-grasses can reduce the inoculum level of R. solani
following cereals and thus, are effective break crops (1). In
WA, benefits from crop rotation have yet to be
demonstrated.
Here we show the efficacy of the current options
available to manage R. solani as well as the benefits of using
a new fungicide.
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RESULTS AND DISCUSSION
Cultivation and Dividend seed dressing At anthesis, R.
solani DNA levels in the soil (as measured by PreDicta-B)
were only slightly increased compared with the levels
observed at sowing for the treatment including both
Dividend® and cultivation below the seed while the
inoculum levels were doubled in the treatment with neither
Dividend® nor cultivation below the seed (Figure 1). The
initial PreDicta-B test at sowing indicated R. solani levels in
the soil for each plot were in the medium to high risk
categories.
1.
New fungicide Roots at early tillering and anthesis had less
disease, although not significant, in plots treated at the
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Barley

Wheat

Canola

Fallow

Figure 2. R. solani DNA levels in soil pre-sowing and
anthesis of rotation options in 2011 and over summer 2012.
Paddock was in pasture in 2010.
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EFFECT OF SOIL WATER POTENTIAL ON PARASITISM OF SCLEROTINIA
SCLEROTIORUM SCLERTIA BY CONIOTHYRIUM MINITANS
A

E.E. JonesA, A. StewartB and J.M. WhippsC
Faculty of Agriculture and Life Sciences, PO Box 84, Lincoln University, New Zealand. Email: Eirain.Jones@lincoln.ac.nz
B
Bio-Protection Research Centre, PO Box 84, Lincoln University, New Zealand
C
Warwick HRI, Wellesbourne, Warwick, CV35 9EF, UK

ABSTRACT. Coniothyrium minitans is a parasite of Sclerotinia sclerotiorum sclerotia and has been shown to reduce disease
in glasshouse and field trials. A major constraint for the uptake of biocontrol by growers is inconsistent control. Soil water
availability has major effects on fungal activity, with information regarding its effect on sclerotial parasitism required to
determine the conditions that would restrict biocontrol activity. Three C. minitans isolates (LU112, LU545 and T5R42i),
shown to vary in their sensitivity to both decreasing matric and osmotic potentials, were selected. Sclerotia were incubated in
soil adjusted to different water potentials using conidial suspensions. The isolates differed in their ability to infect and reduce
viability of sclerotia at the different water potentials. All C. minitans isolates reduced sclerotial viability to below 20% at -0.3
MPa. For LU112 and T5R42i, sclerotial viability was significantly higher at -1.5 MPa compared with -0.3 MPa. In contrast,
for LU545 there was no significant difference in sclerotial viability between -1.5 and -0.3 MPa. No isolate reduced viability
at -5.0 MPa. The results show that soil water potential influences biocontrol activity of C. minitans isolates, and has
implications for the selection of biocontrol strains.
.

MATERIALS AND METHODS
Conidial suspensions of three C. minitans isolates (LU112,
LU545 and T5R42i) were prepared from 21 d cultures
grown on PDA. For each water potential, different volumes
of diluted conidial suspension (7.5 mL = -0.3 MPa, 2.6 mL
= -1.5 MPa, 1.4 mL = -5.0 MPa) were added to Petri dishes
containing 50 g air dried soil and mixed thoroughly to give a
final concentration of 106 conidia g-1 soil. Twenty sclerotia
were pressed into the surface of the soil in each dish. The
dishes were placed into separate plastic bags and incubated
at 20°C in the dark, and watered each week to original
content using sterile distilled water (SDW). Control plates
were inoculated with SDW. After 4 weeks the sclerotia were
harvested, surface sterilised in 50:50 ethanol:sodium
hypochlorite for 3 minutes and then rinsed three times in
SDW. Sclerotia were then bisected and each half placed on a
PDA amended with chlortetracycline disc (15 mm
diameter). The plates were incubated at 20°C and after 10
days the number of viable sclerotia and/or infected by C.
minitans/indigenous Trichoderma were assessed.
RESULTS AND DISCUSSION
Sclerotial viability remained high (95-98%) across all water
potentials in the control and in C. minitans soils amended to
-5.0 MPa (Fig 1). Correspondingly, C. minitans infection
was low. Sclerotial viability was less than 20% for C.
minitans treatments incubated at -0.3 MPa, with C. minitans
infection being high (above 45%). For LU112 and T5R42i,
sclerotial viability was significantly higher at -1.5 MPa
compared with -0.3 MPa, with LU112 being significantly
higher than T5R42i. In contrast, with LU545 there was no
significant difference in sclerotia viability between -1.5 MPa
1.
and -0.3 MPa. For LU112 and T5R42i, C. minitans recovery
from sclerotia incubated at -1.5 MPa was lower compared
2.
with -0.3 MPa. For LU545 recovery of C. minitans from
sclerotia was significantly higher at -1.5 MPa compared
with -0.3 MPa. Indigenous Trichoderma spp. were also
7th Australasian Soilborne Diseases Symposium
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INTRODUCTION
C. minitans has been shown to infect and reduce viability of
S. sclerotiorum sclerotia and to reduce S. sclerotiorum
disease in glasshouse and field trials (1). However, a major
constraint for the uptake of fungal biocontrol agents by
growers is inconsistent control. Soil water availability is
known to have major effects on fungal activity. The effect of
soil water potential on parasitism of S. sclerotiorum sclerotia
in soil by three C. minitans isolates seen to vary in their
sensitivity to decreasing osmotic and matric potentials (2)
was assessed.
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Figure 1. Effect of water potential (-MPa) on A) viability
and B) C. minitans infection of sclerotia incubated in soil
amended with C. minitans isolates. Bars = L.S.D. at P <0.05
recovered and are likely to be secondary colonisers often
masking detection of C. minitans from sclerotia.
Water potential was seen to affect sclerotia parasitism by C.
minitans isolates, with differences in the level of parasitism
seen for the three C. minitans isolates. These results have
implications in the selection of C. minitans strains for
control of S. sclerotiorum. However, the effect of fluctuating
water potential which is more common in soils under field
situations warrants investigation.
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NEW APPROACHES FOR PLANT RESISTANCE TO NEMATODE PATHOGENS
M.G.K. Jones, J. Tan, H. Herath, S. Iqbal, P. Nicol and J. Fosu-Nyarko
Plant Biotechnology Research Group, School of Biological Sciences and Biotechnology, WA State Agricultural Biotechnology Centre,
Murdoch University, Perth, WA 6150, Western Australia: Email: m.jones@murdoch.edu.au

ABSTRACT. Plant parasitic nematodes are an economically important group of soil pathogens of broadacre and
horticultural crop plants. They reduce crop yields by ~7-15% directly by damaging roots and reducing the availability of
water and nutrients, and indirectly by enabling other root pathogens to access roots. Having been a rather neglected group of
pathogens, new resources provided by study of the free-living nematode, Caenorhabditis elegans have stimulated research to
develop new forms of resistance to plant parasitic nematodes. The genome of C. elegans is the best annotated of any
multicellular organism, and is highly amenable to gene silencing (RNAi), such that most of its 20,500 genes have been
silenced, and many genes vital for its survival have been identified. This technology has now been mapped across to plant
parasitic nematodes, and has enabled identification of a range of target genes. We have used ‘Next Generation’ sequencing
to analyse the transcriptomes of two root lesion nematode species (Pratylenchus thornei and P.zeae) and one cyst nematode
species (Heterodera schachtii), and then applied RNAi technology via transgenic plants to silence target genes in these
species. The results provide proof-of concept that host resistance (up to 95% reduction in infection) to root lesion and cyst
nematodes can be conferred respectively to wheat, sugarcane and Arabidopsis.

MATERIALS AND METHODS
Nematodes P. thornei cultures were derived from single
nematodes infecting wheat plants in WA; P zeae was
isolated from sugarcane in Queensland and maintained on
sorghum plants. Both were kept on carrot pieces in vitro. H.
schachtii cysts were collected from infested Brassica plants
near Perth.
Next generation sequencing RNA isolated from nematodes
was sequenced by Roche 454FLX or Illumina technologies
at Murdoch University, and the reads assembled and
annotated using various software packages (1).
Plant transformation Transgenic plants of wheat and
sugarcane containing constructs that generated dsRNA in
planta were generated after particle bombardment and
selection in vitro. Arabidopsis plants were transformed by
the floral dip method using Agrobacterium as vector.
Nematode challenge Mixed stages of Pratylenchus species
bulked up on carrot discs, or J2s of H. schachtii hatched
from eggs in cysts were added to replicated plants grown in
sand (wheat, sugarcane) or a sand soil mixture
(Arabidopsis), and following up to two month’s culture,
nematodes present were extracted by a mister, or cysts
numbers were counted, and dry root weights recorded.
7th Australasian Soilborne Diseases Symposium

RESULTS
A reduction in nematode replication was found when five
target genes in H. schachtii were silenced using RNAi. A
typical result is shown for target gene Lev-11 in Figure 1, in
which replicates of different transgenic events reduced the
percentage infection of roots by between 10 and 90%.
Similar results were obtained both for wheat infected with P.
thornei and sugarcane plants infected with P. zeae. In
addition, in ‘soaking’ experiments, cross-protection was
conferred by RNAi using a sequence from P. thornei against
P. zeae and vice-versa, indicating that careful choice of
target sequences may provide broader spectrum resistance.

Percent reduction
in cyst/g dry root
weight

INTRODUCTION
Plant parasitic nematodes cause an estimated $125 billion pa
in crop losses worldwide. Because they are soil-borne, these
crop pathogens have been relatively intractable to work
with, but with the rapid advances in genomics and molecular
biology, genomic resources developed for C. elegans can
now be applied to develop new approaches to host resistance
to these soil pathogens. We have applied these resources to
develop resistance to root lesion nematodes (Pratylenchus
spp.) that attack wheat and sugarcane, and the beet cystnematode, Heterodera schachtii. Using new sequencing
technologies (Roche 454 FLX, Illumina), we have
undertaken transcriptome analyses of P. thornei and P. zeae,
and Heterodera schachtii. Following annotation and
comparative genomic analyses, we identified a series of
potential target genes which if silenced by RNA interference
(RNAi) would confer host resistance. Two approaches to
test the effects of silencing target genes were undertaken –
‘soaking’ J2 nematodes in dsRNA, and delivery of dsRNA
to nematodes via transgenic plants. Methods were
established to generate transgenic plants of wheat, sugarcane
and Arabidopsis, and lines of different transgenic events
were challenged in soil or sand with J2s of the different
nematode species.
The results provide clear proof-of-concept that RNAi
can be used to confer host resistance to nematode pathogens
both in dicotyledonous and monocotyledonous crop plants.

100
50
0

Transgenic event

Figure 1. Different events of transgenic Arabidopsis plants
expressing dsRNA to lev-11, challenged with H. schachtii in
soil (10-15 replicate lines per event). The percentage
reduction in cysts is expressed per gram dry root weight to
allow for differences in root growth of different plants.
DISCUSSION
This work demonstrates that silencing of plant parasitic
nematode target genes using RNAi, by delivery of dsRNA
via a host plant, can be used to confer host resistance to
these nematodes. Significantly, this can be achieved in both
dicotyledonous and monocotyledonous crop plants, to two
economically important species of root lesion nematodes
and to one economically important cyst nematode, the beet
cyst nematode. This work also provides the first evidence
that one target sequence can silence gene expression in two
different species of plant parasitic nematodes.
REFERENCES
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EFFECT OF TRICHODERMA BIO-INOCULANT ON DISEASE CONTROL,
SEEDLING EMERGENCE AND PLANT GROWTH OF OILSEED RAPE
A

D.R.W. KandulaA, A. ShahA and A. StewartA
Bio-Protection Research Centre, PO Box 84, Lincoln University, Lincoln 7647, New Zealand
Email: Diwakar.Kandula@lincoln.ac.nz

ABSTRACT. Oilseed rape (OSR), grown as a biofuel crop in New Zealand (NZ), is affected by soil-borne fungal diseases
which can reduce seedling establishment, plant growth, and seed/oil yield. The effectiveness of a Trichoderma bio-inoculant
(TBI) was evaluated in glasshouse experiments using field soils collected from three locations (Lincoln, Oxford and Taupo)
in NZ. The TBI was mixed into each soil just prior to sowing seeds of OSR variety “Ability”. TBI treatment significantly
increased seedling emergence in 2 of the 3 soils, where the soil-borne pathogens Rhizoctonia solani (Lincoln) and Sclerotinia
sclerotiorum (Taupo) were detected. Increased seedling emergence resulted in significantly more shoot dry matter (SDM) in
both these soils and increased root dry matter (RDM) in the Taupo soil. The TBI treatment in the Oxford soil resulted in plant
growth enhancement as both SDM and RDM were increased in the apparent absence of pathogens. TBI has the potential to
be a component of the sustainable management of OSR crops in NZ.
INTRODUCTION
Soil-borne fungal diseases can be a constraint for crop
establishment and yield of oilseed rape (OSR) grown as a
biofuel crop on marginal land in New Zealand (NZ). The
application of soil-borne beneficial bio-active microbes at
the time of seed-drilling has the potential to reduce disease
severity and increase crop yield (1). The present work
describes the effects of a Trichoderma bio-inoculant (TBI)
on seedling emergence and dry matter production of OSR
var. Ability in glasshouse experiments using field soils from
three NZ locations.
MATERIALS AND METHODS
Three glasshouse experiments were conducted during JuneSeptember 2009 with soils collected from different locations
in NZ, namely Lincoln (South Island Wakanui silt loam),
Oxford (wet, low fertility land in the foothills of the
Southern Alps), and Taupo (central North Island light
pumice soil). Soils were placed in 2 L containers holding 1.5
kg of sieved (2mm) soil mixed with pumice (3:1). The TBI
treatment consisted of four individual Trichoderma isolates
grown on a sterile wheat bran and peat mixture to yield 108
colony forming units (CFU)/g. Equal amounts of these four
isolates were combined and 0.5g of the inoculum was mixed
in 100g of soil and spread thinly in the seed zone
immediately before seed sowing. There was also an
untreated control for each soil. The laboratory germination
of OSR seeds was determined as 97%. Ten seeds were sown
in each container and the experiments were arranged in a
complete randomised block design with 5 replicate blocks.
Mean temperature in the glasshouse during the experiments
was 20+2°C and the containers were hand watered as
required. Seedling emergence and health were evaluated 21
days after sowing (DAS), while shoot dry matter (SDM) and
root dry matter (RDM) were quantified 42 DAS.
RESULTS
Seedling emergence The TBI treatment significantly
increased seedling emergence in the Lincoln (20%) and
Taupo (28%) soils compared with the control treatment
(Table 1). In the Lincoln soil, prominent wire-stem and
damping-off symptoms (typical of Rhizoctonia solani
hypocotyl rot) were observed in the emerged seedlings.1.
There was significantly less (P<0.05) wire-stem in the TBI
treatment compared with the control (16% and 36%,
respectively). Sclerotinia sclerotiorum was consistently
isolated from rotted seeds and abnormal seedlings that failed
to emerge in the Taupo soil. The TBI treatment did not
significantly affect emergence in the Oxford soil and no
diseased seedlings were observed.

in all of the three soils (Table 1). The TBI treatment also
significantly increased RDM in the Oxford (57%) and
Taupo (100%) soils compared with the control treatment.
Table 1. Effect of Trichoderma bio-inoculant (TBI) on
seedling emergence, shoot and root dry matter of oilseed
rape (Brassica napus var. Ability) in three different soils in a
glasshouse experiment.
Soil

Treatment

Seedling
Dry matter
emergence
(g)/container
(%)
Shoot
Root
Lincoln Control
64 a
1.08 a
0.36
TBI
84 b
1.63 b
0.44
LSD
19.5
0.212
NS
Oxford
Control
80
0.88 a
0.28 a
TBI
90
1.23 b
0.44 b
LSD
NS
0.295
0.149
Taupo
Control
60 a
0.51 a
0.17 a
TBI
88 b
1.00 b
0.34 b
LSD
23.2
0.293
0.123
Note: Mean values followed by different letters in each
column within each soil are significantly different (P< 0.05).
DISCUSSION
The reduced seedling emergence in the Lincoln and Taupo
control soils was most likely due to the presence of soilborne pathogens (R. solani and S. sclerotiorum,
respectively). The TBI was able to control these two preemergence diseases, increase SDM in Lincoln soil and
increase SDM and RDM in Taupo soil. In the absence of
disease (Oxford soil), the TBI increased SDM and RDM.
These results suggest that the individual Trichoderma
isolates in the TBI mixture may have biocontrol and growth
promotion abilities. Or perhaps the combined synergy of the
isolates was responsible for the positive results. Future
research will focus on the development of stable and
economical formulations of the TBI to integrate it into
management practices for OSR crops in NZ.
REFERENCES
Stewart A and Cromey M (2011). Identifying disease threats
and management practices for bio-energy crops. Current
Opinion in Environmental Sustainability, 3: 75-80.

Shoot and root DM The TBI treated seedlings had
significantly greater SDM values compared with the control
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PHYTOTOXICITY ASSESSMENT FOR POTENTIAL BIOLOGICAL CONTROL
OF LEAFY SPURGE BY SOILBORNE MICROORGANISMS
R.J. KremerA and T. SouissiB
USDA, Agricultural Research Service and University of Missouri, Columbia, MO USA. Email: kremerr@missouri.edu
B
Institut National Agronomique de Tunisie, Tunis, Tunisia

A

ABSTRACT. Leafy spurge (Euphorbia esula-virgata), a native of Eurasia, is a serious invasive weed of western grasslands
of North America. It is very difficult and cost-prohibitive to control with herbicides; control by insect biological control
agents and cultural practices are minimally effective in suppressing vegetative growth and seed production. Current
biological control of leafy spurge with pathogens is primarily withmycoherbicides,which require specific environmental
conditions and repeated applications to be effective. Alternative biological control approaches using selected
microorganisms to attack roots and adventitious shoots may effectively decrease vigor of leafy spurge without
environmental manipulations to assure control efficacy. Our objectives were to survey leafy spurge accessions and their
native soils for associated microorganisms, andto assess thesemicroorganisms for potential biological control. Preliminary
lettuce seedling bioassays indicated that 62 and 54% of rhizosphere and endorhizal bacteria significantly (P=0.05) inhibited
root growth, causing necrotic lesions. Over 60% of fungal isolates bioassayed on rice agarsignificantly inhibited root
growthof lettuce seedlings. The most effective microbial isolates, based on preliminary bioassays, were screened directly on
leafy spurge cuttings. Culture filtrates of 40% of fungi caused complete chlorosis and leaf wilting. The most effective fungi
originated from leafy spurge adventitious shoots. Only intact cells of bacteria were detrimental to leafy spurge, indicating
that host-bacterial contact was required for pathogenicity. Results of the survey suggest that leafy spurge rhizospheres and
adventitious shoots are good sources of potential biological control microorganisms,which should be considered for
inclusion in comprehensive management programs for leafy spurge.
INTRODUCTION
Leafy spurge (Euphorbia esula-virgata) is an invasive,
deep-rooted perennial weed reproducingboth by seed and
by vegetative propagation. The weed infests
approximately two million ha of land in the U.S.
northern Great Plains and prairie provinces of Canada.
Leafy spurge resists weed management tactics because
crown and root buds regenerate new plants after foliar
herbicide treatment, mowing, biological control, burning
or grazing. Biological control focuses on use of a suite of
insect natural enemies that readily establish but have
little measurable impact on infestations (Caesar 2003).
However, successful biological control often coincided
with soilborne pathogens associated with root-feeding
larvae of flea beetles(Aphthona spp.).European
accessions of microorganisms from leafy spurge in its
native range revealed that virulent fungal strains and
plant-growth suppressive rhizobacteria originated from
plants with insect-feeding damage (Kremer et al. 2006).
Potential
biological
control
activity
of
microorganisms associated with leafy spurge is
associated with numerous physiological traits including
excess auxin, hydrogen cyanide, and polysaccharide
production and apparent cell wall- and membranedegrading enzymes detected via tissue culture bioassays
(Souissi and Kremer 1998; Caesar 2003; Kremer et al.
2006;). Other phytotoxic compounds are likely involved
in pathogenicity of the potential biological control
microorganisms through translocation from the
producing microorganism throughout the plant causing
disease (Yang et al. 1990). Our objectives were to survey
soilborne and rhizosphere microorganism associated with
leafy spurge for phytotoxicity using stem cuttings.
MATERIALS AND METHODS
Intact leafy spurge plants and soil were collected from
infestations in Minnesota, Missouri, North Dakota USA
and Saskathewan Canada. Shoot, root, and crown
components were macerated and plated on a battery of
selective media to isolate bacteria or fungi. Isolates were
screened for phytotoxic activity using lettuce seedling
bioassays (Souissi and Kremer 1998); culture filtrates
were prepared and bioassayed on leafy spurge stem
cuttings (Yanget al. 1990 ). Phytotoxic effects rated and
evaluated for potential biological control activity.
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RESULTS AND DISCUSSION
Bbioassays of selected rhizobacteria on lettuce seedlings
correlated well (R2=0.68) with stem cutting assays using
intact cells. Bacterial culture filtrates were inconsistently
effective, suggesting need for intact cells for phytoxicity.
Fungal isolates inhibiting root growth also highly
damaged stem growth (Table 1). Survey of microbial
community diversity associated with leafy spurge is a
valuable approach for discovery of new and effective
biological agents of this invasive weed.
Table 1. Response of leafy spurge cuttings to culture
filtrates of fungal accessions.
Source
Injury ratingB
IsolateA
Fusarium sp. 9.50
Rhizosphere
3.2
Fusarium sp. 10.50 Rhizosphere
2.5
Fusarium sp. 17.50 Rhizosphere
3.0
Fusarium sp. 18.37 Rhizosphere
3.5
Fusarium sp. 18.44 Rhizosphere
3.8
Fusarium sp. 18.45 Rhizosphere
3.1
Fusarium sp. 18.47 Rhizosphere
3.4
Fusarium sp. 18.18 Endorhizal
2.6
Fusarium sp. 18.19 Endorhizal
2.1
Fusarium sp. 10.52 Stem
3.6
Fusarium sp. 18.42 Stem
3.4
Fusarium sp. 18.46 Stem
3.6
Rhizoctonia sp. 43
Stem
3.5
Rhizoctonia sp. 51
Stem
2.0
LSD (P=0.05)
0.45
A
Numeric code indicates accession number.
B
Rating: 0=no injury; 1=chlorosis, slight necrosis on
50% plant; 2=complete chlorsis, beginning wilt;
3=leaves completely wilted, easily detached; 4=leaves
desiccated, shoots dead.
REFERENCES
Caesar, A.J. (2003).BiolContr 28: 144-153.
Kremer, R.J., Caesar, A.J. and Soussi, T. (2006).Appl
Soil Ecol 32: 27-37.
Souissi, T. and Kremer, R.J. (1998).Biocontr. Sci.
Technol. 8: 83-92.
Yang, S.M., Johnson, D.R., and Dowler, W.M. (1990).
Plant Dis 74: 601-604.
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USING MODELS TO DEMONSTRATE THE ECONOMIC VALUE OF MANAGING
SOIL BORNE DISEASES
A

R.A. Lawes A
CSIRO Sustainable Agriculture Flagship and Future Farm Industries CRC, Private Bag 5, Wembley WA 6913
Email: roger.lawes@csiro.au

ABSTRACT. Soil borne pathogens are dynamic entities. Their populations vary with soil type, temperature, rainfall,
presence or absence of a host, nutrient status, presence or absence of suppressive organisms and amount of organic matter. In
addition, when a pathogen is present, it may or may not infect the crop and once the crop is infected, it may or may not
translate into a yield penalty. It becomes difficult for an individual to integrate information from this array of processes when
pressed with a simple question; What crop should I sow, given previous management history? Like all management
decisions, the biotic components to this question are juxtaposed with an economic component. Here, we parameterise the
landuse systems optimiser (LUSO), a state and transition model that evaluates a crop sequence or finds the optimal crop
sequence given weed, disease and nutrient pressures. The disease damage functions are parameterised from a crop sequence
trial in South Australia. We demonstrate the capabilities of the model and show that with high wheat prices, a wheat medic
sequence is selected that minimises the impact of disease on the following crop, keeps weed burdens low and reduces the
requirements for nitrogen fertiliser. The number of break crops selected increased when the impact of disease on the cereal
increased. When wheat prices were low, wheat dropped out of the optimal sequence and a canola medic sequence was
selected. In general LUSO selects the highest value crop and grows it as frequently as possible. The biotic components
(disease, weeds and nitrogen) can influence the optimal sequence and must therefore be parameterised for local conditions.
In its present form LUSO is capable of evaluating the economic importance of disease in defining profitable crop sequences.
INTRODUCTION
Crop models in various guises have evolved over the last 30
years, but decision tools and crop disease models are
comparatively rare. The Land Use Systems Optimiser
(LUSO) developed by Lawes and Renton (2010) was
designed to integrate the effects of weeds, disease and
nitrogen to determine an optimum sequence.
This
theoretical framework was constructed to demonstrate the
economic benefit of managing biotic stresses across a
sequence, where a management decision in year one may
have future benefits in year two, three and four. These long
term benefits are rarely considered. We briefly demonstrate
a parameterisation of the model drawing on data from a
South Australian sequence trial. In addition, we explore the
affect that varying commodity prices have on the
composition of the optimal sequence and the economic
return of the entire sequence.
MATERIALS AND METHODS
Time series data from a crop sequencing trial conducted at
Kapunda in South Australia (Lawes et al. 2012) was used to
generate a disease population increase after a cereal is
grown, and a damage function for the cereal crop. Two
scenarios were considered, where take – all disease severely
affected crop yields (1987), and a scenario where take-all
disease marginally influenced crop yield (1984). Two
pricing scenarios, representing recent fluctuations, were also
considered with a high and low wheat price. The four
scenarios evaluated were: high wheat price, high disease
impact, high wheat price, low disease impact, low wheat
price, high disease impact and high wheat price high disease
impact (Table 1). Each of these scenarios were then
evaluated with LUSO to determine the optimal crop
sequence over a 10 year period, where the objective was to
maximise the economic return from a choice of wheat,
lupins, canola and grazed medic pasture.
RESULTS and DISCUSSION
The economic return generated by the optimal sequence1.
sequences varied due to price and disease impact. When
wheat prices were high a wheat medic sequence was
selected, regardless of the disease impact. When the disease
impact was high, 5 wheat crops were grown in 10 years.2.
This increased to 6 wheat crops when disease impacts were
low. Therefore high disease impact reduced the economic
return of the sequence by $42/ha/annum because that disease
pressure reduced the number of highly profitable wheat
crops that could be grown.
7th Australasian Soilborne Diseases Symposium

Table 1.

Parameters used in the LUSO simulation
Yield

Prices
Disease
impact a
($/tonne)
Crop
t/ha
High
Low
High
Low
Wheat
3.0
350
220
1
0.1
Canola
1.5
450
550
Lupins
1.5
250
250
Medic
4.5
35b
35b
a
Disease impact, presented as a yield loss in t/ha assuming
take all disease incidence is 20%. Disease does not affect
Canola,
Lupins
or
medic
pasture.
b Medic price reflects the return generated from grazing 1
t/ha of medic pasture with livestock.
When wheat prices were low, wheat dropped out of the
sequence. Under the optimal sequence a canola medic
sequence was selected. The disease impact did not affect the
economic return of this sequence because the affected wheat
crop was never selected.
Across all price and disease scenarios LUSO elected to
grow the most profitable crop as frequently as possible. In
general, disease pressures were suppressed by a break crop
if that crop was susceptible to the disease. The break crop
performed three functions. It returned nitrogen to the system
and reduced fertiliser costs, it reduced weed populations and
it reduced disease populations. When the disease pressure
was high, more break crops were selected.
The challenge for scientific community is to determine
the extent that break crops perform these three functions
across regions with different soils and different climates so
industry can make informed crop sequence decisions. The
challenge for the industry is to ensure the break crops
perform these functions, to maximise the yield and profit of
the dominant crop.
REFERENCES
Lawes, R., Renton, M. (2010). The Land Use Sequence
Optimiser (LUSO): A theoretical framework for analysing
crop sequences in response to disease and weed populations.
Crop and Pasture Science, 61:835-843.
Lawes R, VVSR Gupta, Roget, D (2012) A wet summer
followed by a wet winter, a recipe for severe take-all
damage to cereal crops in cereal dominant rotations. 16th
Australasian Agronomy Conference. Submitted.
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ANTAGONISTS OF ROOT-LESION NEMATODE IN VERTOSOLS FROM THE
NORTHERN GRAIN-GROWING REGION
A

Y. LiA, N. SeymourA and G. StirlingB
AgriScience Queensland, DAFF, Leslie Research Facility, PO Box 2282, Toowoomba, Queensland 4350.
B
Biological Crop Protection, 3601 Moggill Road, Moggill, Queensland, 4070
Email: jady.li@daff.qld.gov.au

ABSTRACT. Surveys of grain-growing soils in north-eastern Australia aimed to identify natural enemies that may have
been capable of attacking root-lesion nematode (Pratylenchus thornei). The endospore-forming bacterial parasite Pasteuria
was found in 25 of 97 paddocks surveyed, but less than 6% of the P. thornei generally had spores attached. Since little is
known about parasitism of P. thornei by Pasteuria, further research is being undertaken to determine whether adults and
juveniles are killed by the parasite, whether levels of spore attachment and infection will increase with time, and whether the
parasite will eventually provide some control of the nematode. Eight taxa of omnivorous and predatory nematodes were
found in 48 soil samples from 24 paddocks, with the nematodes usually more frequent at 0-15 than 15-30 cm. Four species of
nematophagous fungi (Arthrobotrys conoides, Stylopage sp., Monacrosporium thaumasium and A. oligospora) were
recovered in 52 soil samples from 26 paddocks. They were detected in 42, 19, 8 and 4% of samples, respectively.
INTRODUCTION
Root-lesion nematode (Pratylenchus thornei) is a major
pathogen of wheat in the northern grain-growing region of
Australia. Previous research has shown that antagonists of
nematodes, such as predatory nematodes and nematode
trapping fungi are present in the clay soils of this region (1).
The aim of the surveys described here was to obtain more
information on the distribution of these organisms. A second
objective was to determine whether the endospore-forming
bacterium Pasteuria, an obligate parasite of P. thornei, was
present in northern grain-growing soils.
MATERIALS AND METHODS
From February to June 2011, soils at 0-30 cm were collected
from 97 paddocks in 30 districts of Queensland and northern
New South Wales. In each sample, about 50 P. thornei were
checked for the presence of Pasteuria. Soil samples from 24
paddocks at 2 depths (0-15 and 15-30 cm) were used for the
predatory nematode investigation. Soil (150 g) was placed
on trays for 2 days and nematodes were recovered on a 20
um sieve. Omnivorous and predatory nematodes were
identified to genus, family or order level. For the survey of
nematophagous fungi, 4 replicate samples from 26 paddocks
and 2 depths (0-15 and 15-30 cm) were processed using the
sprinkle plate method. Soil (1g) was plated onto ¼-strength
corn meal agar and about 5000 bacterial-feeding rhabditid
nematodes were added to each plate. Plates were checked
for the presence of fungi after 9, 16 and 24 days.
RESULTS AND DISCUSSION
We found P. thornei infested with spores of Pasteuria in 25
of 97 paddocks (Fig 1). At the sites where Pasteuria was
present, usually less than 6% of the P. thornei had spores
attached. Although the frequency of Pasteuria occurrence
was low, this discovery may be important, as species of
Pasteuria are capable of suppressing populations of other
plant-parasitic nematodes. Little is known about parasitism
of P. thornei by Pasteuria, as the parasite has only been
recorded from Germany and Turkey (2). Thus, further
research is needed to determine whether levels of spore
attachment and infection will increase with time, and
whether the parasite will eventually provide some control of
the nematode.
Eight taxa of omnivorous and predatory nematodes were
found in 48 soil samples and their population densities
varied with site and depth. The maximum number of
nematodes found at any site and depth, and their proportion
1.
as a percentage of the total nematode population is given in
Table 1. Discolaimidae only appeared at 0-15 cm. Other
2.
genera were found at both 0-15 and 15-30 cm, but were
usually more frequent at 0-15 cm. The highest density of
omnivores/predators was 1602 nematodes/kg dry soil. The
7th Australasian Soilborne Diseases Symposium

range in population densities between paddocks indicates
that the presence of these nematodes could be affected by
soil type, cropping history and other management practices
such as tillage.
×200

×100

×400

Figure 1. P. thornei with spores of Pasteuria spp. attached.
Table 1. Omnivorous and predatory nematodes in northern
grain-growing soils.
Taxa
Aporcelaimellus
Belondiridae
Discolaimidae
Eudorylaimus
Other Dorylaimida
Mononchida
Tripyla
Total predators

Nematodes/kg dry
soil
0-15 cm 15-30 cm
452
166
643
391
89
0
443
439
387
608
403
190
96
105
1602
1238

Proportion (%)
0-15 cm
4
3
0.002
13
2
2
1
13

15-30 cm
5
3
0
8
4
1
1
13

Only four species of nematophagous fungi were
recovered: Arthrobotrys conoides, Stylopage sp.,
Monacrosporium thaumasium and A. oligospora, and they
were detected in 42, 19, 8 and 4% of samples, respectively.
Molecular detection techniques are being considered as a
means of confirming whether these predatory fungi are
relatively uncommon in northern grain-growing soils.
ACKNOWLEDGEMENTS
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STRATEGIES FOR MANAGING SCLEROTINIA DROP OF LETTUCE
M.E. Matheron and M. Porchas
The University of Arizona, Yuma Agricultural Center, Yuma, Arizona 85364 USA. Email: Matheron@cals.arizona.edu

ABSTRACT. Sclerotinia drop of lettuce, caused by the fungal pathogens Sclerotinia minor and S. sclerotiorum, can cause
significant economic losses. To evaluate different disease management strategies, lettuce was seeded on raised beds in
double rows 30 cm apart. After thinning, sclerotia of each pathogen were incorporated into the soil between lettuce rows to a
depth of 5 cm. Tested fungicides were applied after thinning or after thinning and 2-weeks later, either as a soil surface spray
or soil surface spray followed by cultivation of the treated soil area to a depth of 5 cm. Compared to nontreated plots, the
mean disease reduction over four trials was 69, 53, 48, 47, 46, and 30%, respectively, for two soil surface applications of
fluazinam, boscalid, iprodione, penthiopyrad, Coniothyrium minitans, and fludioxonil+cyprodanil in plots containing S.
minor and 72, 60, 44, 43, 43, and 30%, respectively, for Coniothyrium minitans, fluazinam, iprodione, boscalid,
fludioxonil+cyprodanil, and penthiopyrad in plots containing S. sclerotiorum. Two soil surface applications of boscalid and
iprodione as well as incorporation of treated surface soil into the bed by cultivation were not consistently better than one
application of these products to the bed surface after thinning. No sclerotia germinated in soil flooded for at least 3 weeks at
30 to 33C, indicating this to be the best management tool among those tested for Sclerotinia drop of lettuce.
INTRODUCTION
Annual lettuce production in the United States currently
stands at about 59,000 ha. Of this total, over 24,000 ha are
grown and harvested in the autumn and winter months
(September through March) in the state of Arizona.
Sclerotinia drop of lettuce, caused by the fungal pathogens
Sclerotinia minor and S. sclerotiorum, causes significant
economic losses in Arizona. An important means of
managing this disease is to prevent sclerotia, the survival
structures of these pathogens, from germinating and
initiating disease in a subsequent crop of lettuce. Chemical,
biological, and cultural tools were evaluated for their
efficacy in reducing the severity of Sclerotinia drop of
lettuce, with the goal of maximizing control of this disease.

surface application for either fungicide in plots infested with
S. sclerotiorum.

MATERIALS AND METHODS
In these disease control trials, lettuce was seeded on raised
beds in double rows 30 cm apart.
After thinning,
sclerotia of S. minor or S. sclerotiorum were incorporated
into the bed between the lettuce rows to a depth of 5 cm. In
four field trials, the comparative efficacy of six different
products was assessed when applied twice to the bed surface
and plants, once after thinning and again about 2 weeks
later. In two of these trials, the efficacy of one application
of boscalid and iprodione after thinning was compared to the
two applications noted above. Also, one or two applications
of these fungicides were made as indicated above but was
followed by a cultivation to incorporate treated soil into the
bed to a depth of 5 cm. Lastly, in three field trials,
microplots were established and infested with sclerotia of S.
minor or S. sclerotiorum to determine the effect of flooding
during the summer for 1 to 4 weeks on their viability.

Field microplot studies revealed that a 3- to 4-week
flooding of soil containing sclerotia of Sclerotinia minor and
S. sclerotiorum in the summer resulted in 100% mortality of
these fungal overseasoning structures (Figure 1). The mean
soil temperature at a depth of 10 cm, where sclerotia were
placed, ranged from 30 to 33C during these trials.

RESULTS
Compared to nontreated plots, all six fungicides tested over
a 4-year period significantly reduced the severity of lettuce
drop caused by S. minor and S. sclerotiorum. Additionally,
as shown in Table 1, significant differences in efficacy
among some products are evident.
In plots infested with S. minor, there was no significant
improvement in disease control with two compared to one
application of boscalid or iprodione to the soil surface and
plants in both trials. Also, incorporation of treated soil into
the bed did not significantly enhance disease control
compared to soil surface application alone for either
fungicide.
For plots infested with S. sclerotiorum,
significant reduction in disease severity was recorded in one
of two trials with two compared to one application of
boscalid to the soil surface, but not with iprodione. Also,
incorporation of treated soil into the bed by cultivation did
not significantly enhance disease control compared to soil
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Table 1. Effect of fungicides on the percent reduction of
lettuce drop caused by each Sclerotinia species.
Treatment
S. minor S. sclerotiorum
Fluazinam
69
60
Boscalid
53
43
Iprodione
48
44
Penthiopyrad
47
30
Coniothyrium minitans
46
72
Cyprodinil+fludioxonil
30
43
LSD (P=0.05)

21

18

% Nonviable sclerotia

100
80
60
40
20
0
1‐week

2‐weeks
S. minor

3‐weeks

4‐weeks

S. sclerotiorum

Figure 1. Effect of soil flooding on viability of sclerotia of
Sclerotinia minor and S. sclerotiorum.
DISCUSSION
Tested conventional and biofungicide products reduced
Sclerotinia drop of lettuce up to about 70% of that in
nontreated plots. Two soil surface applications of boscalid
and iprodione as well as incorporation of treated surface soil
into the bed profile was not consistently more effective than
one application of products to lettuce bed surface after
thinning. Flooding of soil for a minimum of 3 weeks at
temperatures from 30 to 33C destroyed the ability of all
sclerotia to germinate, indicating that this was the best
disease management tool among those tested.
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CEREAL RESISTANCE AND TOLERANCE TO PEST NEMATODES IN THE
SOUTHERN REGION
R.S. DaveyA, B. GogelC S. CasonatoB, G.J. HollowayB and A.C. McKayA
A
SARDI, Waite, Adelaide. Email: alan.mckay@sa.gov.au
B
DPI Victoria, Horsham. CThe University of Adelaide

ABSTRACT Tolerance and resistance classifications for cereal cultivars to economically-important nematodes such as
cereal cyst nematode (Heterodera avenae) and root lesion nematodes Pratylenchus thornei and P. neglectus) are important
information to grain growers for planning cropping programs to minimise risk of yield loss in current and subsequent
season’s crops. In the southern region a new field trial program has been established to assess tolerance using a split plot
design in which low and high nematode populations are produced in the preceding season by growing resistant and
susceptible hosts; the plots are then over sown in the following season to the test cultivars and tolerance is assessed by
comparing yields on the split plots. These trials also provide an opportunity to assess cultivar effects on low and high
nematode populations. While analysis of the data is progressing, three broad resistance groups are already apparent. These
include cultivars that reduce low and high populations, those that increase low but reduce high populations and those that
increase low and maintain/increase high. Intolerant cultivars eg Estoc, were able to support high nematode populations.
INTRODUCTION
Resistance is usually assessed under controlled conditions
using pot assays (1). Such assays do not predict cultivar
affects on different nematode densities under field
conditions. This paper explores assessing changes in
nematode levels in field trials established to assess
tolerance, to assess resistance under field conditions to
potentially improve information to growers.
MATERIALS AND METHODS
Tolerance trials for P. thornei were established in 2010
using field pea and narbon beans to create low and high
nematode levels in a split plot design. These plots were over
sown in 2011 with named cultivars (5 replicates) to assess
tolerance to the nematode. The initial and final nematode
populations in the low and high split plots were assessed
prior to seeding and post harvest respectively using PreDicta
B (2). Linear mixed model analyses of the plot yields and
final nematode levels were undertaken to assess the
tolerance and resistance of each cultivar.
RESULTS
1.
Average initial and final P thornei numbers/g soil for the
low and high nematode density plots, sorted by the low final
levels are presented in Figure 1. Cultivars vary in the
2.
impact they have on the low and high initial nematode
densities. The most resistant cultivars reduced both the low
and high nematode populations, others increased the low
and reduced the high, and the third group increased the low
Low initial

and maintained/increased the high; more categories may be
evident when analysis of the data is finished.
DISCUSSION
Assessing changes in nematode levels in field trials
established to assess nematode tolerance of new cultivars,
has potential to provide grain producers with more
information on how to use specific cultivars to manage
nematode populations. Replicating these trials across
regions and seasons should also provide useful information
on variation in nematode multiplication between regions and
seasons. Using the tolerance trials to classify nematode
resistance of current cultivars also frees capacity of the pot
assays to support breeding programs.
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Figure 2. Average initial and final Pratylenchus thornei/g numbers in the low and high split plots of a field trial established
at Minnipa SA
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STRATEGIES FOR CONTROL OF PARSNIP CANKER IN SOUTH EASTERN
AUSTRALIA
J.E. Petkowski, E.J. Minchinton and R.F. de Boer
Biosciences Research Division, Department of Primary Industries, Knoxfield, Private Bag 15, Ferntree Gully DC, 3156 Victoria, Australia
Email: Joanna.Petkowski@dpi.vic.gov

ABSTRACT Parsnip canker is a disease complex, causing up to 80% yield losses in crops grown in southeastern Australia.
The disease is attributed to a range of fungi and oomycete species in the genera Fusarium, Rhizoctonia, Itersonilia, Phoma,
Alternaria, Cylindrocarpon, Microdochium, Mycocentrospora, Acremonium and Pythium. Management strategies for control
of the disease, including fungicides, biological agents, and cultural techniques were tested in seven field trials conducted on
winter-grown crops in Victoria, Australia in 2009, 2010 and 2011 cropping seasons. Applications of metalaxyl at crop
seeding and/or 10 weeks after, reduced severe canker and superficial tap root lesions by 62% and 31%, respectively, and
increased the marketable yield by 34% in a crop grown on sandy loam soil in 2009 cropping season. This treatment was
ineffective in crops grown in medium clay in the same season and sandy loam in 2011. Although reduced disease levels and
higher yields were recorded in all cropping seasons in crops hilled over plant crowns, covered with composted mulch or
sprayed with azoxystrobin, Bacillus subtilis or Streptomyces lydicus, they did not differ significantly from untreated controls.
The results demonstrate that Pythium spp. isolated from parsnip roots are associated with the disease complex and that soil
type impacts on the disease management outcomes.
INTRODUCTION
Parsnip canker is a disease complex, causing up to 80% yield
losses in individual winter-grown crops in south eastern
Australia. A number of fungi and oomycete species in several
genera, Itersonilia, Phoma, Fusarium, Alternaria, and
Pythium are associated with canker (1). Symptoms range from
minor root lesions to severe cankers of mature roots. Parsnip
roots with even minute brown specks are unmarketable.
This work reports on evaluation of control measures for
parsnip canker in winter-grown commercial parsnip crops in
southeastern Australia in 2009, 2010 and 2011.
MATERIALS AND METHODS
Field trials Seven replicated field trials were set up in
Clyde and Devon Meadows in Victoria, Australia in autumn
2009, 2010 and 2011 to be harvested in spring of the same
season. Each trial was conducted in commercial parsnip
crops grown in raised beds with four rows of parsnip in each
bed. Trials were designed as complete randomised blocks of
treatments with 6-12 replications (Table 1), except trial 3,
which was arranged as two continuous blocks, the first with
seven replicates of six randomly allocated treatments and
the second with four L-shaped replicates of six treatments,
plus an extra plot of composted mulch and tebuconazole and
two plots of metalaxyl. In all trials, each replication
contained an untreated control plot. Across all trials, each
plot (treatment) was a 5-8 m long section of a raised bed.

respectively. In all trials, each parsnip root was assessed for
the incidence of root damage in the following symptom
categories; healthy, brown lesion on upper of lower tap root,
collar rot, canker, damaged root epidermis. The weight of
each sampled root was recorded for yield estimations in
trials 3-7. In trials 3, 4 and 7, severity of Itersonilia lesions
on plant leaves and leaf petioles was assessed on a scale of
0-2, where 0 no lesions and 2 many lesions.
RESULTS AND DISCUSSION
Metalaxyl applications at crop seeding and/or 10 weeks
after reduced severe canker and superficial tap root lesions
by 62% and 31%, respectively, and increased the
marketable yield by 34% in a crop grown on sandy loam
soil in the 2009 cropping season. This treatment was
ineffective in a crop grown in medium clay in the same
season and in sandy loam in 2011. Although reduced
disease levels and higher yields were recorded in all
cropping seasons in plots hilled over plant crowns, covered
with composted mulch or sprayed with azoxystrobin,
Bacillus subtilis or Streptomyces lydicus, they did not differ
significantly from untreated control plots. Tebuconazole
treatment significantly reduced severity of Itersonilia leaf
and leaf petiole lesion by 35% and root disease by 33% but
did not improve marketable yield. Covering plants with
fleece or applications of silicon had no effect on root
disease levels and yield.

The oomycete specific fungicide metalaxyl was the only
consistent treatment to control parsnip canker in trials over
three years, but soil type impacted the disease management
No
of outcomes. The results implicate Pythium spp., which were
replications
commonly isolated from parsnip roots, as being associated
8, 6, 7+4*, 12
with the disease complex.

Table 1 Field trial treatments and corresponding numbers of
replications in parsnip canker management trials at Clyde
and Devon Meadows in 2009, 2010 and 2011.
Treatment

Trial No

metalaxyl -M
azoxystrobin+difenoconazole
tebuconazole
silicon
Bacillus subtilis
Streptomyces lydicus
hilling
fleece (semitransparent plant cover)
composted mulch

1, 2, 3, 7
1, 2
3, 4
5
3, 4, 7
1
4, 7
6
3, 4

8, 6
7+4*, 6
6
7+4*, 6, 12
8
6, 12
6
7+4*, 6
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Disease and yield assessment At harvest 20 plants were
sampled from each plot. A single plant was taken every 50
cm from each of four rows in trials 3, 4, 5, 6 and 7, and 64
and 36 plants were sampled from trials 1 and 2,
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IDENTIFICATION OF DISEASE SUPPRESSIVE SOILS IN WESTERN AUSTRALIA
M.S. Miyan, D. Hüberli and W. MacLeod
Department of Agriculture and Food Western Australia, South Perth, WA. Email: shahajahan.miyan@agric.wa.gov.au

ABSTRACT. Survey of cereal root disease was conducted in the early 1980s and in 2006-2008 in Western Australia (WA).
Results of these surveys show that there has not been a reduction in the incidence or severity of root diseases during the past
25 years. The greatest levels of all root diseases in WA remained in the southern high rainfall zone. This study was carried
out to identify sites which are suppressive for one or more wheat root diseases. Cereal roots were collected from this region
and assessed for Rhizoctonia solani (AG8), Fusarium pseudograminearum (fusarium crown rot), Gaeumannomyces graminis
var. tritici (take-all) and Pratylenchus neglectus root lesion nematodes; RLN) at anthesis in 2010 and 2011. We identified
fourteen paddocks for rhizoctonia, six for take-all, seventeen for crown rot and one for RLN as potentially suppressive in
both years. The eleven paddocks identified as suppressive for rhizoctonia in 2010 were bioassayed along with a positive
control from Esperance, WA, previously identified to be suppressive. Only the positive control was recorded to be highly
suppressive with disease incidence being significantly reduced when 0.5g of carbon was added.

MATERIALS AND METHODS
Survey Cereal roots (mostly wheat) were assessed for
disease incidence and severity of rhizoctonia, take-all,
crown rot and RLN from about 236 paddocks in 2010 and in
2011 to identify sites with putatively suppressive soil. A
total of 40 to 100 plants per paddock were assessed at
anthesis. Putative disease suppressive paddocks were
identified by comparing the root disease incidence with the
pre-sowing soil pathogen inoculum determined by the
PreDicta-B test; suppressive sites were those that had high
to medium inoculum levels with no, or very little, incidence
of disease.
Rhizoctonia bioassay Small pots with 300 g soil per site
were amended with 0, 0.5g, 1.0g of sugar and inoculated
with 0, 2 and 4 millet seed inoculum and placed in a growth
cabinet for two weeks at 10°C with a 12 h light/dark regime
(1). Pots were sown with five wheat seeds/pot after two
weeks incubation. Seedlings were harvested four weeks
later and roots assessed for rhizoctonia incidence which was
recorded as proportion of roots affected per plant (1).
RESULTS AND DISCUSSION
Survey There were eleven paddocks for rhizoctonia, six for
take-all, twelve for crown rot and one for RLN potentially
suppressive to disease in 2010 (Table 1). In 2011, five1.
additional sites for crown rot and three additional sites for
rhizoctonia were identified but no additional suppressive
paddocks were identified for take-all and RLN (Table 1).
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Table 1. Cereal paddocks identified as suppressive in 2010
and 2011 based on disease incidence and PreDicta-B tests.
Disease
2010
2011
Take-all
6
0
Crown Rot
12
5
Rhizoctonia root rot
11
3
Root lesion nematodes
1
0
Total
30
8
Bioassay The eleven paddocks identified as suppressive to
R. solani in 2010 were bioassayed along with a positive
control from Esperance, WA, previously identified to be
suppressive by G. Vadakattu (pers. comm.). Only the
positive control was recorded to be highly suppressive with
disease incidence being significantly reduced when 0.5g of
sugar was added. Five paddocks showed moderate
suppression with disease severity only reduced in the 1g
sugar amendment. Three of the remaining sites were low in
suppressiveness, while two sites, identified as potentially
suppressive in the survey were non-suppressive, suggesting
that microbial activity involved in suppression is probably
low for all five of these sites (Figure 1).
100

Disease incidence level (%)

INTRODUCTION
Results of two root disease cereal surveys in Western
Australia (WA) in the early 1980s and from 2006 to 2008
show that there has not been a reduction in the incidence or
severity of root diseases during the past 25 years. The recent
survey showed that the highest levels of all root diseases
such as fusarium crown rot, rhizoctonia root rot, take-all,
and RLN are in the southern high rainfall zone of WA which
has a large potential increase in grain production. Biological
suppression could be a valuable tool to control these root
diseases and increase crop production in this region.
Disease suppression in our study is defined as the
ability of soil to suppress the incidence or severity of
disease, even in the presence of the pathogen, a host plant
and a favourable environment. Improved information on
disease suppression of cereal root diseases will enable grain
growers to reduce their potential losses.
The main objectives of this work is to identify and
confirm sites suppressive to one or more wheat root
disease/s and determine the components of suppressive sites
using traditional methods including determination of
nematode community groups as a measure of soil biological
activity.

90
80

0 g sugar
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Figure 1. Rhizoctonia disease incidence level (%) in a
wheat seedling bioassay of potentially suppressive paddock
soils. Vertical bars are least significant difference (LSD).
EDRS is the positive control.
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THE INTERACTION BETWEEN ROOT-KNOT NEMATODES AND SOFT ROT
ENTEROBACTERIACEAE
A. Mongae, G. Kubheka, E. Onkendi and L.N. Moleleki
University of Pretoria, Lunnon Rd, 0001, South Africa
Email: lucy.moleleki@up.ac.za

Potato (Solanum tuberosum) is one of the most important crops worldwide. Root knot nematodes (RKN) or Meloidogyne
spp. are important pests of potato in tropical and subtropical regions. RKN have been shown to interact and form synergies
and complexes with other soilborne plant pathogens leading to increased disease severity. However, to date, no interaction
has been demonstrated between Meloidogyne spp. and soft rot enterobacteriaceae (SREs), Pectobacterium spp. Thus the aim
of this project was to determine the possibility of such an interaction. The ability of mCherry tagged P. carotovorum subsp.
brasiliensis (Pcb-mCherry) strain to attach onto M. incognita second stage juveniles after incubation for 72h at 28°C was
illustrated. This interaction was further studied by determining the combined effect of RKN and SRE on potato. It was
observed that Pectobacterium spp. can attach onto and be disseminated by RKN and in the presence of RKN,
Pectobacterium spp. cause more severe disease.
INTRODUCTION
Potato (Solanum tuberosum) is one of the most important
crops worldwide. Root knot nematodes (RKN) or
Meloidogyne spp. are important pests of potatoes in tropical
and subtropical regions. Compared to other plant pathogens
in the soil, RKN are relatively large and present in large
numbers. The combined effect of secreted plant cell wall
degrading enzymes and repeated thrusting of the stylet on
plant roots leads to wounds and that can be used by other
pathogens to enter the host roots. Thus complexes and
synergies have been demonstrated between RKN and other
soilborne pathogens (1). To date, no such interaction has
been demonstrated between Meloidogyne spp. and soft rotentrobacteriaceae (SRE) members such as Pectobacterium
spp. Infected decaying potato tubers can release large
amount of bacteria into the soil leading to soil and irrigation
water contamination. Hence, the aim of this study was to
determine whether there is an interaction between RKN and
SRE using fluorescent tagged P. carotovorum subsp.
brasiliensis (Pcb), a recently isolated soft rot causing agent
in South Africa, and M. incognita as one of the most
aggressive root knot nematode on potatoes.
MATERIALS AND METHODS
To investigate attachment of Pcb to M. incognita, 100
freshly hatched, surface sterilised second stage juveniles
(J2s) per trial were co-incubated with Pcb_mCherry (1×108
cfu.ml-1) in minimal media at 4, 28 and 37°C for 24, 48 and
72 hours. At each time point, J2s were washed to release
unattached bacteria and were prepared for analysis with
scanning electron microscopy (SEM) and confocal laser
scanning microscopy (CLSM): excitation 543nm emission
filter BP 560-615nm. To investigate whether wounds
generated by RKN can serve as entry points for Pcb, 6000
freshly hatched J2s and Pcb (1×108 cfu.ml-1) were coinoculated on roots of 4 week old potato (Solanum
tuberosum cv Mondial) plants for 4 weeks. Controls
included plants that were inoculated with M. incognita only,
Pcb only and water controls. The trials were repeated three
times with 5 plants per treatment. The development of
disease was monitored weekly by assessing the number of
plants that were diseased and the stems per plant that
became diseased overtime. At the end of the 4 week period
the amount of Pcb_mCherry cells that managed to penetrate
into the roots of potato plants in the treatments and controls
was assessed by serial and plating done on tetracycline
supplemented media.
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RESULTS AND DISCUSSION
We hypothesised that that bacteria released into the soil
could attach onto RKN surface coat and thus be introduced
into potato roots or tubers through wounds created by RKN
infection that could serve as entry points for SRE released
into the soil from rotting tubers. To test the first hypothesis,
RKN were co- incubated with Pcb-mCherry at three
different time points and temperatures. Optimal attachment
occurred at 28°C and 72 h (Fig 1). Typically, plant parasitic
nematodes cannot ingest bacteria, however, they have been
shown to carry soil borne bacteria on their cuticles (2). To
test the second hypothesis, RKN and Pcb-mCherry were coinoculated onto roots of potatoes and disease severity and
presence of invading Pcb-mCherry were monitored for 21
dpi. The Pcb was not able to directly penetrate potato roots
when inoculated alone. However, Pcb-mCherry cells were
detected in roots infected with both Pcb-mCherry and RKN,
suggesting that wounds generated by infecting RKN present
an opportunity for SRE to infect potato roots. Furthermore,
the severity of disease caused by Pcb-mCherry was
significantly higher in plants inoculated with both pathogens
compared to those inoculated with Pcb-mCherry alone.

A

B

Figure 1. Attachment of Pcb cells on the surface of M.
incognita second stage juvenile after 72 hours at 28°C. A.
Scanning electron microscope B. Confocal laser image
In conclusion, RKN can act as disseminators of SREs and in
the presence of RKN, SREs can cause more severe disease
since they can penetrate the host roots in large numbers
within a short period of time.
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EFFICACY OF A RISK MODEL TO PREDICT THE DISTRIBUTION OF
PHYTOPHTHORA CINNAMOMI IN THE GREATER BLUE MOUNTAINS WHA
Z-J. NewbyA, B, D.I. GuestB, E.C.Y. LiewA and D. RampC
Botanic Gardens Trust, Mrs Macquaries Road, Sydney, NSW, 2000
B
Faculty of Agriculture and the Environment, Biomedical Building – C81, The University of Sydney, NSW, 2006
C
School of the Environment, The University of Technology, Sydney, NSW, 2007.
A

ABSTRACT. A risk model for Phytophthora cinnamomi was developed and tested for the Greater Blue Mountain World
Heritage Area (GBMWHA) in NSW. The management of impacts is limited by knowledge of the distribution of
Phytophthora in these ecosystems, however risk models have the ability to meet part of this gap. We developed a risk model
for P. cinnamomi using climatic, topographical and anthropogenic layers, as well as information on the current known
distribution. The model was constructed in a GIS using Fuzzy analysis and a Weighted Distance Overlay, and was
subsequently tested by sampling across each of the eight reserves. Results indicate a correlation between the rate of
Phytophthora isolation and the risk level in four of the five strata. P. cinnamomi is widespread in the GBMWHA including
remote areas, but is more common in high visitation locations. The model is currently being used by land managers to
identify areas where management activities should be focussed.
INTRODUCTION
The Greater Blue Mountains was designated a World
Heritage Area in 1999 as a centre of ongoing ecological and
biological process as well as a place of in-situ conservation.
The area is home to more than 1500 plants (100 Eucalyptus
spp.) as well as 400 vertebrates, 50 mammals and 265 birds,
many of which have conservation status. Additionally, the
GBMWHA receives over 3 million tourists annually and is
home to another million residents (1). Disease caused by P.
cinnamomi is a direct threat to the GBMWHA.
Management of P. cinnamomi first requires an
understanding of where it occurs or where it is likely occur.
Little was known about the distribution of P. cinnamomi in
the GBMWHA prior to 2008. Distribution modelling can be
utilised to fill this gap and has the advantage of exploring
inaccessible, remote and rugged areas. Here we develop a
model of P. cinnamomi distribution (or risk) and assess its
effectiveness via comprehensive soil sampling.
MATERIALS AND METHODS
The various environmental layers (Table 1) were inserted
into a GIS and re-scaled using a FUZZY analysis to reflect
their conduciveness to the establishment of P. cinnamomi,
such that the most conducive locations had the highest score.
Layers were weighted and overlaid, then individual risk
scores were summed to produce the risk model.
Table 1: Environmental layers used in the construction of
the model. Layers were re-scaled and weighed as outlined.
Variable
rainfall
Temperature
Slope
Wetness
Vehicular corridors;
Water; Built up areas
Current isolations

Risk score
↑ to 600mm; max at
≤600mm
↑ to max at 21°C;
↓beyond 24 ° C
↑ with ↑ slope
↑ with ↑ wetness
↓ with distance
↓ with distance

Weight
2
2
1
1
1 or 2
3

RESULTS
Phytophthora was found right across the GBMWHA and P.
cinnamomi was found in all levels of risk, except the lowest
risk stratum. The rate of P. cinnamomi isolation increased
with increasing risk, except in the highest risk stratum (level
5) where the rate of isolation decreased to below that of
stratum 3. Other Phytophthora species were found at a
constant rate across all five levels (Figure 1)
371

327

500

857

122

100%
90%
80%
70%
neg

60%

P.sp
P.cinn

50%
40%
30%
20%
10%
0%
Strata 1

Strata 2

Strata 3

Strata 4

Strata 5

Figure 1. The distribution of Phytophthora within the
GBMWHA risk strata. Risk level increases from left to
right.
DISCUSSION
The risk model identified a positive correlation between the
rate of Phytophthora isolation and increasing risk from
strata 1 to 4. The apparent failure of the model in the highest
risk stratum could be due to sampling bias, as many of the
sites were inaccessible. Based on the risk factors used to
develop the model, there was a higher likelihood of P.
cinnamomi in the high risk parts of the landscape, however
it was not successfully isolated from the soil. This could be
resolved either by further sampling or the addition or
reweighting of risk factors used in the model. Nevertheless,
the model represents an important new management tool for
Phytophthora dieback in natural ecosystems.

The model was then reduced to the sampling area (within
500 m of roads) and the remaining land stratified in five
levels of increasing risk. The GIS was used to randomly ACKNOWLEDGEMENTS
allocate 1915 samples evenly across the five strata.
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producing 2176 samples. Each was assessed for the presence Institute, The University of Sydney.
of Phytophthora using the lupin baiting bioassay, and the
resulting data was returned to the GIS.
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USE OF COVER CROPS TO INDUCE SUPPRESSION TO FUSARIUM WILT OF
BANANAS
A

A.B. PattisonA, W.T. O’NeillB, T.L. KukuliesB and A.B. MolinaC
DAFF Qld, PO Box 20 South Johnstone, Qld 4859. Email: tony.pattison@daff.qld.gov.au
B
DAFF Qld, Ecosciences Precinct, 41 Boggo Rd, Dutton Park Qld
C
Bioversity International, 3 flr Khush Hall, IRRI, Los Banos, Laguna, Philippines

ABSTRACT. Fusarium wilt of bananas caused by Fusarium oxysporum f. sp. cubense (Foc) has caused widespread losses to
banana production world wide. The use of cover crops and increasing biological diversity have been suggested as methods of
altering soil organisms and increasing disease suppression. Banana plants grown with vegetated ground cover showed
reduced disease symptoms, with a greater proportion of harvestable bunches. Soil under the vegetated ground cover showed
greater biological activity, with increased activity of potential antagonists. Therefore, enhancement of indigenous
antagonistic organisms to suppress Foc is a viable option as part of an integrated Foc management system.
INTRODUCTION
Fusarium wilt of bananas is caused by Fusarium oxysporum Table 1. Fusarium wilt ratings and bunch parameters of
f.sp. cubense (Foc) and has had a global impact on banana banana plants grown on soil with two different ground cover
production and trade worldwide. The fungus colonises the management systems.
xylem tissue of susceptible banana cultivars causing the
Vegetated
Bare
plant to wilt and die. The management of Fusarium wilt in Plant parameter
Plants
with
symptoms
(%)
29
b
59 a
commercial banana production has relied on the
1.6 b
2.4 a
development of resistant or tolerant cultivars, but susceptible External symptoms (1-6)
2.3 b
4.7
banana cultivars retain important cultural and economic Internal symptoms (1-6)
Bunches harvested (%)
68 a
40 b
value in many countries.
13.8 ns
12.0 ns
Previous investigations into the suppression of Bunch weight (kg)
Fusarium wilt have suggested that soil conditions can make
banana plants more receptive or tolerant to the pathogen (1). Table 2. Soil biochemical properties under banana plants
Enhancement of indigenous antagonistic organisms in the grown on soil with two different ground cover management
soil through the design of agriculture production systems has systems.
been suggested for suppression of pathogens (2). The use of
Vegetated
Bare
cover crops and increasing plant species diversity have been Soil parameter
1032 a
566 b
suggested as methods of altering soil organisms and Total nematodes (100 g soil)
Fungivores (100 g soil)
106 a
32 b
increasing pathogen antagonists (2).
190 a
69 b
The aim of this experiment was to investigate use of Omnivores + predators
(100 g soil)
vegetated ground cover of soil as a component of an
B/(B+F)
0.59 b
0.76 a
integrated management system for the suppression of
0.52 a
0.49 b
Labile C (g/kg)
Fusarium wilt in susceptible banana cultivars.
β-glucosidase (mg/kg soil/hr)
40.0 a
26.2 b
31.4 a
24.5 b
FDA (mg/kg soil/hr)
MATERIALS AND METHODS
In all tables numbers with rows followed by the same letter are not
A field trial was established on a commercial Foc (VCG significantly different (P<0.05).
0124) infested sited growing the susceptible banana cultivar
Ducasse (Musa ABB). Ground cover (Arachis pintoi and DISCUSSION
Axonopis affinis) was established around the base of half of Manipulation of soil biology through the use of ground
the plants and compared to standard practice of bare soil cover management appears to be a viable component of an
maintained by herbicide treatments, replicated six times.
integrated Foc management system. Plants grown in soil
Plant disease assessments were made on external foliar with vegetated ground cover had reduced symptoms and
symptoms, determining the proportion of plants showing more harvestable bunches. In this experiment the vegetated
symptoms and using a scale 1-6 (1=healthy; 6=plant death). ground cover gave greater biological activity determined
Similarly, internal vascular discoloration was determined at through soil nematode community analysis and soil enzyme
plant death or at harvest using a scale 1-6 (1=healthy, no activity. The soil biological results suggested that there was
discoloration; 6=100% vascular discoloration).
The greater resource availability (labile C) for the biological
proportion of plants producing a harvestable bunch and the community, resulting in greater biological activity (FDA and
bunch weights were also determined.
total nematodes), with more potential antagonistic
Soil samples were collected six monthly from each organisms (fungivores, omnivores, predators and βtreatment. Soil biochemical parameters were determined glucosidase). Therefore enhancement of indigenous
using nematode community assemblages, labile C and soil antagonistic organisms to suppress Foc is a realistic option
enzyme activity; fluorescein diacetate (FDA) and β- as part of an integrated management system for growers
glucosidase.
cultivating susceptible banana varieties.
RESULTS
Banana plants grown with vegetated ground cover showed
reduced symptoms of Fusarium wilt, both internally and
externally (Table 1). Furthermore, a greater proportion of
plants were harvested, although there was no significant
difference in bunch weight (Table 1). The vegetated ground
1.
cover increased total, fungivorous and predatory nematodes
(Table 2). There was a decrease in bacterivore (B) to
2.
fungivore (F) ratio, but an increase in soil enzyme and labile
C levels in the soil (Table2).
7th Australasian Soilborne Diseases Symposium
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ABSTRACT. PreDicta--B is a soil-baseed DNA assay that detects and
d quantifies soiil-borne pathoggen levels prior to planting
c
Diseasee is a result off the interactionn between path
hogen levels, host,
h
and the environment. In
I the past,
of grain crops.
predictions of environmeent were not inccluded in predicctions of risk caategories from the
t DNA test. In 2010 and 20
011 surveys
t assess severaal variables inccluding soil-borne levels of thhe pathogens Rhizoctonia
R
were condducted in Westtern Australia to
solani (AG
G8), Gaumanoomyce graminiss var tritici, Bipolaris sorokiiniana, Fusariuum pseudogram
minearum, F. culmorum
c
,
Pratylenchhus neglectus, P.
P thornei and P. teres. Initiial correlations between soil DNA
D
levels of the pathogen and
a in-crop
disease asssessments were weak, so thee effects of envvironment (tem
mperature, precipitation and sooil) were investtigated and
found to have
h
a significannt effect on in-ccrop root diseasse levels. A mo
odel that utilizes a logistical reegression of env
vironmental
parameterss with soil DNA
A and in-crop disease
d
levels was
w developed for
f all of the afforementioned ssoil-pathogens and will be
applied too future data seets to validate the model. This
T
model willl be used to develop
d
regional soil-borne disease
d
risk
categories to enable researchers to betteer understand the
t role of enviironment in rooot disease compplexes in the field and for
growers too make more informed manageement decisionss.
INTROD
DUCTION
Several soil-based patthogen DNA assays (as ussed in
PreDicta--B) have beenn developed annd shown reasonably
reliable correlations
c
bettween DNA levvels and variouus root
disease leevels based onn controlled environment bio--assays
(2). How
wever, pathoggen and in-crop disease level
relationshhips were nott very strong under field survey
conditionns in Western Australia
A
(WA
A) in 2010 andd 2011.
Previous studies to refinne soil diseasee risk categoriees with
h
shown thatt it is useful to express
e
disease risk in
take-all have
a probabiility based loggistical regression approach (1). In
this papeer we explore the use of a logistical regrression
approach through incorpporating environnmental variablles into
the pathoogen and host relationship inn order to refinne risk
categoriess for PreDicta-B
B.
MATERIIALS AND ME
ETHODS
Paddockss sown to wheatt were selectedd and sampled inn 2010
extendingg from Geralddton in the noorth to Pingellly and
Corrigin in the south. From
F
the 143 paddocks,
p
115 and
a 50
in 2010 and
a 2011, respeectively, had reeliable data thaat were
included in the analysiss (165 total over two years). From
each padddock, a 1 ha foccus area was saampled for PreD
Dicta-B
pre-sow and post-harvvest, additionaally 40 plantss were
collected during cereall anthesis andd scored to provide
p
disease inncidence for eacch of 5 cereal diseases
d
(Table 1) and
overall disease
d
severityy was rated onn a scale of 0 to 5
(5=high disease).
d
Dataa included in thhe statistical annalyses
were diseease incidence, severity, and soil DNA (PreeDictaB). Enviironmental dataa were obtainedd from the Burreau of
Meteoroloogy website (www.bom.goov.au) for 111 WA
weather stations and assigned to individual paaddock
locations.. A logistical regression was conducted beetween
disease, soil DNA, and environmental
e
p
parameters.
RESULT
TS AND DISCU
USSION
Logistical regression showed
s
that environmental factors
interactedd to varying deegrees with pree-sow pathogenn DNA
on the inccidence of five root
r
diseases (F
Figure 1). Therre were
significannt environmentaal effects over both
b
years for all
a root
diseases. Soil DNA leveels were the moost stable acrosss years
for Pratyylenchus neglecctus and Bipolaaris, but the leeast for
Rhizoctonnia and Take-all. Soil DN
NA levels weree most
strongly associated with
w
Rhizoctoonia and Bippolaris
(Commonn root rot) inciddence. Overalll disease severiity was
significanntly associatedd with five soil-borne paathogen
1.
incidencees measured (T
Table 1). Whhen environmennt was
regressedd against disease incidence andd pathogen soill DNA
levels (loog DNA from
m 1 to 3) for
f
Rhizoctonia, the
2.
probabilitty of incidencce ranged from
m 25% to 500% in
locations characterized by
b high temperaature and low raainfall,
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% to 35% wheen environmen
nt was not
whilee it was 10%
consiidered. This innformation willl be useful to growers to
use PreDicta-B
P
resuults to make bbetter informed
d decisions.
These results have given researchhers an idea of
o how the
patho
ogen DNA levvels, the enviroonment and crrop disease
actuaally interact under
u
field coonditions overr a broad
geogrraphic area.
Tablle 1. Summary statistics of thhe percent (%) fields with
soil DNA
D
detected as well as corrrelation (r-valu
ues) across
yearss, incidence veersus soil DNA
A, and inciden
nce versus
diseaase severity (n=165 paddocks oover 2010 and 2011).
2
Disea
ase
Incid
dence
Rhizo
octonia
Take-all
P. neeglectus
B. sorokiniana
Crow
wn rot
A
B
C
D

%
FieldsA
F
21
27
34
44
17

Soil
Disease
YeaarB DNAC SeverityD
0.29
0.54
0.42
0.30
0.05
0.60
0.88
0.01
0.30
0.62
0.38
0.19
0.45
-0.08
0.63

% Fields
F
with detectable soil DNA leevels (PreDicta-B
B).
Corrrelations (r-valuues) across years ffor each pathogen
n.
Corrrelations (r-vlauees) of disease incidence vs. soil DN
NA.
Corrrelations (r-valuees) of disease inccidence vs. severitty.

Figure 1. Probaability of Rhizzoctonia in-cro
op disease
dence with increeasing levels off soil DNA (log
g scale) in a
incid
high temperature annd low rainfall environment with
w a sandy
soil.
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EFFECT OF GINGER FARM MANAGEMENT PRACTICES ON SOIL MICROBIAL
COMMUNITY STRUCTURE IN RELATION TO YIELD AND DISEASE.
E.K. Rames, M.K. Smith, S.D. Hamill and J. de Faveri
Department of Agriculture, Fisheries and Forestry - QLD. Email: Emily.Rames@daff.qld.gov.au
Maroochy Research Station, PO Box 5083 SCMC, Nambour QLD 4560

ABSTRACT. A 4-year field trial which included 2 successive ginger crops, showed an extended pasture ley with organic
amendment and reduced tillage was most effective in improving yield compared to conventional ginger farming practices;
reduced tillage (with continuous cropping) was also effective in increasing yield, and when organic amendment was included
in this treatment suppressiveness to Pythium myriotylum was induced (1). TRFLP (terminal restriction fragment length
polymorphism) was used to assess whether management practices that improved disease suppression and/or yield were
related to changes in microbial community structure in these ginger soils. Bacterial- and fungal community profiles were
defined by presence and abundance of operational taxonomic units (OTUs), which represent or more species. Results
indicated organic amendment and minimum tillage increased relative diversity of dominant fungal populations in a system
dependant way. Bacterial species richness increased in the pasture treatment by inclusion of organic amendment.
Redundancy analysis, utilising multiple regression, identified OTUs related to yield and disease, and treatments grouped well
according to these parameters. ANOVA also showed significant effects of the farming system management practices on
abundance of certain OTUs. Further analyses are required to determine whether these OTUs are general or soil-type specific
markers of productivity (increased and decreased) and disease suppression.

LSD (P<0.05)
16.3 17.01
0.59
21.9 14.5
A mt, ct, oa, r, p and f indicate minimum tillage,
conventional tillage, organic amendment, rotation crops,
pasture (3 years) and f Telone® fumigation respectively.
Rhizome rot and yield in field trial; Pythium rating in pot
trial; S Species richness (no. of OTUs), F fungi, B bacteria.
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RESULTS AND DISCUSSION
In cropping systems without organic amendment,
fungal diversity was increased by minimum tillage with
continuous cropping, treatment B (Table 1). Fungal diversity
306
C +
+
+ 132
was increased by organic amendment in treatments E and C,
432 +
Pyth
+
+ 339
while in B effects of organic amendment appear confounded
353
by the increase due to minimum tillage; the abundance of 7
-20
-10
0
10
20
individual OTUs showed a similar trend (P<0.01).
RDA1
Abundance of other fungal OTUs increased in treatments
EO(4), BO(6) or F (3) and there was a significant Figure 1. RDA distance biplot for fungi (Treatment o; OTU
relationship between abundance of a number of these OTUs number +). Distance between points approximates their
and yield, rot or Pythium (P<0.01). There was a significant Euclidean distances. Angles between OTU or treatment and
relationship between abundance of 6 bacterial OTUs, which a response variable (eg. yield) reflect their correlation.
were increased in EO, with yield (P<0.01). RDA indicated
yield, rot, Pythium rating and root knot nematodes explained ACKNOWLEDGEMENTS
21.3% and 18.3% of the variance in the OTUs for fungi and This project was supported by ACIAR and DAFF-QLD.
bacteria respectively. Treatments grouped based on fungal
OTU abundance in relation to disease and yield (Figure 1). REFERENCES
1. Smith, M.K. et al. (2011). Soil & Tillage Research 114: 108TRFLP effectively showed microbial community structure
variation with treatment and identified OTUs with potential 116.
2. Stirling, G. et al. (2012). Journal of Nematology; in press.
as productivity indicators for management practices.
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MATERIALS AND METHODS
A red krasnozem soil with different management
treatments (1) was sampled at trial completion (Table 1).
DNA was extracted from 0.25g of freeze dried, sieved soil
from a composite sample for each treatment block (n=4)
using the PowerSoil DNA Isolation Kit (Mo-Bio
Laboratories, California) and FastPrep Bead beater (setting
4, 2x15s). TRFLP of bacterial 16S rDNA and fungal ITS
PCR products was performed as described previously (2)
using 4µL DNA (1/5 dilution) in the PCR; MspI
(bacteria)/HhaI (fungi) in restriction digests and the Liz1200
size standard (Applied Biosystems, Victoria) in capillary
electrophoresis. Peak Scanner® was used to extract TRFLP
data (threshold 50rfu). OTUs were aligned using T-REX
(http://trex.biohpc.org/). The program R with vegan, permute
and lattice packages (http://www.R-project.org) was used for
redundancy analysis (RDA), ANOVA (randomised blocks)
and LSD on square root transformed data.

Table 1. Treatment effects on productivity (1) and diversity.
Rot Yield
S-F
S-B
TreatmentA
Pyth
(%) (t/ha)
B (mt, r)
5.1
68.9
2.35
178
88
BO (mt, oa, r)
4.8
55.0
1.68
177
78
C (ct, r)
11.4
46.4
2.25
137
95
CO (ct, oa, r)
9.0
53.9
2.05
167
104
E (mt, p, r)
8.6
55.5
2.60
153
77
EO (mt, oa, p, r)
5.4
92.8
2.41
188
107
F (ct, r, f)
35.9
20.2
2.65
152
89

RDA2

INTRODUCTION
Frequent tillage and soil fumigation used in the
conventional farming of ginger are increasingly associated
with declining soil health, increased disease pressure due to
Pythium myriotylum and Fusarium oxysporum and poor
yields (1). TRFLP, a DNA fingerprinting method (2), was
used to assess effects of improved ginger farm management
practices on dominant bacterial- and fungal soil populations.
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THE IMPACT OF VARIOUS KNOCKDOWN AND PRE-EMERGENT HERBICIDES
ON BENEFICIAL SOIL BIOLOGY AND WHEAT YIELD
A

P.J. StorerA and R. DevlinB
Western Mineral Fertilisers, Tenterden W.A. Email: soilmicrobes@bigpond.com
B
Living Farm Ag & Research Consultancy, York W.A.

ABSTRACT. Biological Farming programs rely heavily upon beneficial soil microorganisms. Herbicides have been viewed
as an ‘essential’ method for dealing with weeds and protecting crops and pasture. However little is known about the impact
of herbicides on beneficial soil biology and soil health in broadacre farming. This current trial being conducted at Pingelly
(WA) is a long term research study examining the effects of applying various herbicides (at varying dose rates either
individually or in combination) on beneficial soil Biology and yield using a mineral fertiliser/microbe program. In 2010 (a
low rain fall season), the whole trial site was pre-treated with Glyphosate knockdown, whereas in 2011 (a high rain fall
season) both Glyphosate and Paraquat + Diquat were compared; and plots were sown to wheat. In 2010 seven commonly
used pre-emergent herbicides were tested (either individually, at various doses and in combination), and the same herbicides
were overlaid on exactly the same plots in 2011. A “no herbicide” control was also included – giving up to 129 treatments.
Results showed that the combination of herbicides and dose rates applied can have a significant positive or negative effect on
“microbial biomass”, mycorrhizal status (VAM) and type of soil microbes; and can have a profound effect on both soil
Carbon and plant productivity (wheat yield varied from 2.645t/ha to 5.092 t/ha).
INTRODUCTION
Beneficial microorganisms are important components of the
soil and can positively influence the soil’s health through
their activities (1). Biological farming programs rely heavily
on beneficial microbiological processes for conditioning the
rhizosphere and for making nutrients bio-available (such as
from natural ore-based mineral fertilisers). As a
consequence, this biological approach can increase nutrient
use efficiency (NUE) (2) and sustainably utilise lower inputs
(such as N & P) (3) to maintain yields and achieve a greater
$ return for the farmer. Studies of acute toxicity has revealed
some herbicides can have direct effects on soil biology (4)
and could inhibit the growth of beneficial microorganisms
such as mycorrhizal fungi (5), particularly when high doses
were applied (6,7), leading to soil degradation.
1.
MATERIALS AND METHODS
2.
This trial was conducted at Pingelly, using Western
Mineral’s granular mineral fertiliser NPK Crop Plus
3.
@70kg/ha with microbe seed dressing. Growing season
rainfall 2010 (144mm); 2011 (365mm). In 2010, the whole
4.
trial site was pre-treated with Glyphosate knockdown,
whereas in 2011 both Glyphosate and Paraquat + Diquat
5.
were compared; and plots were sown with Wyalkatchem
Wheat (non-pickled). Seven commonly used pre-emergent
6.
herbicides (Triasulfuron, Chlorsulfuron, Pyroxasulfone,
Diuron, Trifluralin, S-Metolachlor+Prosulfocarb, and Tri7.
Allate) were applied in a latin square arrangement - with
every herbicide in every combination, as well as alone and
at double rates. A “no herbicide” control (UTC) was also
included.

mychorrizal colonies, with the exception of Pyroxasulfone
and Trifluralin.
In summary, the trial has generated a massive amount
of information. It has provided an agronomic ‘checkerboard’
which not only showed up differences in grain yield – but
also below ground changes (the effect of these chemicals on
soil biology, OC, biomass, nutrient bio-availability). In
addition there is significant weed selection in the plots as
well as the cumulative residual effects of double rates of
herbicides year on year.
ACKNOWLEDGEMENTS
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RESULTS AND DISCUSSION
In wheat, similar data trends were seen in both 2010 and
2011, in spite of seasonal variations. Across all results
knockdowns Glyphosate vs Paraquat + Diquat showed little
significant difference. However, the pre-emergent herbicide
treatments appeared to have a positive or negative effect on
“microbial biomass” and type of soil microbes present (such
as Pseudomonas, Actinomycetes, Protozoa, Rhizobia etc);
and had a significant effect on both soil Carbon & grain
Yield (from 2.645t/ha to 5.092 t/ha - depending upon
herbicide combinations and rates used).
Single and double applications of Diuron, Triasulfuron,
and Chlorsulfuron significantly reduced the yield, microbial
diversity and mycorrhizal colonisation. Single applications
of Pyroxasulfone and S-Metolachlor +Prosulfocrb appeared
to have positive effects on yield & mycorrhizal colonisation.
Double applications of most products reduced the
7th Australasian Soilborne Diseases Symposium
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DOES PLANTING DIRTY POTATO SEED REALLY MATTER?
A

R.S.TeggA and C.R. WilsonA
Tasmanian Institute of Agriculture (TIA), University of Tasmania, 13 St. Johns Ave., New Town, 7008, TAS
Email: Robert.Tegg@utas.edu.au

ABSTRACT. Certification schemes are in place to protect growers from planting disease containing potato seed; however,
the role of seed borne inoculum and its effect on subsequent potato crop production is not fully understood. This study sought
to define the role of three key soilborne pathogens, namely Streptomyces scabiei, Spongospora subterranea f.sp.subterranea
and Rhizoctonia solani AG3.1 that cause common scab, powdery scab and black scurf of potato, respectively. The aim was to
determine the importance of seed borne inoculum (as measured thru tuber peel pathogen DNA levels) of these key pathogens.
Cultivars ‘Russet Burbank’ and ‘Innovator’ with varying levels of seed borne inoculum were grown in controlled pot
experiments in clean soil. Disease parameters including root galling and necrosis were measured at ~60 days after planting
(DAP) with tuber disease scored at plant senescence. The relationship between pathogen DNA levels on the parent tubers and
subsequent disease status of the progeny daughter plants and tubers was quantified. For the pathogens S. scabiei and R. solani
AG3.1, DNA levels in tuber peel provided a good measure (P<0.001) of subsequent tuber disease. For the pathogen, S.
subterranea, DNA levels provided a good measure of potential galling in roots but not tuber symptoms. This suggests that
seed borne inoculum is important in determining certain disease outcomes but other environmental factors are also important.
INTRODUCTION
Planting clean certified seed free of key soilborne pathogens
is thought to be a key strategy in the production of
sustainable and profitable potato crops. However there is
conflicting evidence regarding the benefits of planting clean
seed; some have found that planting non-certified, high
pathogen content seed results in the production of a diseased
crop; however others have found a clean crop being
produced by dirty seed (1). Many of the disease outcomes
produced are also environmentally driven (2). Study
surrounding the importance of disease seed quality is
essential. This is particularly important for three key
soilborne pathogens, S. scabiei, S. subterranea and R. solani
AG3.1 that produce the important diseases; common scab,
powdery scab and black scurf of potato, respectively. In
controlled pot experiments we examined the impact of
varying seed quality, measured through DNA pathogen
content from tuber peel, on the subsequent crop health.
MATERIALS AND METHODS
Tubers from seed schemes (‘Russet Burbank’, ‘Innovator’)
with varying disease loads were selected. Tubers were
halved, one half was planted into clean potting soil, the other
half was peeled and analysed for pathogen content using
commercial DNA quantification (SARDI). Pots were
managed to encourage disease. Disease assessment of roots
and stolons were made at ~60 DAP with tubers harvested
and assessed at plant senescence. Tuber disease was
assessed (1). Root assessment for galling followed (2) while
necrosis of roots, stolons used a visual rating scale of 0 (no
necrosis) to 4 (black necrosis). In all, three separate trials
have been carried out over 2010-11, with tuber numbers per
trial ranging from 60-80. Statistical comparators (MannWhitney U test) were used to determine the relationship
between tuber DNA level and disease production.
RESULTS AND DISCUSSION
In trial 1, with Russet Burbank low levels of disease was
recorded. Levels of pathogen DNA of S. scabiei and R.
solani AG3.1 showed a positive significant relationship with
tuber surface coverage of common scab (P<0.001) and black
scurf (P<0.001) respectively. Essentially, high levels of
pathogen DNA generally correlated with tuber disease
production (Fig. 1), low DNA levels resulted in no disease.

Figure 1. Black scurf tuber symptoms in daughter tubers.
The parent tuber had high DNA levels of R. solani AG3.1
7th Australasian Soilborne Diseases Symposium

In contrast, levels of pathogen DNA of S. subterranea
showed no relationship with tuber surface coverage of
powdery scab (P=0.80) and no linear or log-linear
relationship could be modelled (Fig. 2). Trials 2-3 with
‘Russet Burbank’ and ‘Innovator’ had predominantly one
pathogen present in the peel DNA, S. subterranea. Whilst
powdery scab tuber surface cover disease showed a poor
relationship with DNA levels (P=0.60), disease production
in the roots (as measured through galling) showed a positive
significant relationship (P<0.05) with DNA levels, i.e.
higher pathogen DNA levels corresponded with a greater
galling severity in roots.

Figure 2. Plot showing tuber borne powdery scab disease in
daughter tubers vs DNA level of S. subterranea in parent
tubers.
Overall, our results indicate that pathogen DNA level in
tuber peel may provide a suitable measure of tuber disease
potential for some pathogens; S. scabiei and R. solani
AG3.1. For the pathogen, S. subterranea, DNA levels
provided a good measure of potential galling in roots but not
tuber symptoms. This may be a function of environmental
conditions which are known to be important in powdery
scab disease development (2). Further work is required to
better understand the role of seed borne DNA.
ACKNOWLEDGEMENTS
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and matched funds from the Federal Government.
REFERENCES
1. Wilson, C.R., Ransom, L.M. & Pemberton, B. M. (1999)
Journal of Phytopathology 147: 13-18.
2. Shah, F.A., Falloon, R.E., Butler, R.C. & Lister, R.A. (2012)
Australasian Plant Pathology 41: 219-228.

39

Go to
Table of Contents

ENHANCED SUBERIN PRODUCTION IN NOVEL POTATO SOMACLONES
PROVIDES PROTECTIVE BIO-BARRIER AGAINST TWO KEY SCAB DISEASES
A

T. ThangavelA, R.S. TeggA and C.R. WilsonA
Tasmanian Institute of Agriculture (TIA), University of Tasmania, 13 St. Johns Ave., New Town, 7008, TAS
Email: tamil.thangavel@utas.edu.au

ABSTRACT. Enhanced resistance to common scab of potato was obtained by somatic cell selection. An added bonus
identified concurrent enhanced resistance to powdery scab, however the mechanism of resistance was not known. This study
sought to compare parental cv. Russet Burbank to three disease resistant somaclonal variants. Glasshouse and field
experiments tested the performance of these clones in the presence of two soil-borne pathogens, Streptomyces scabiei and
Spongospora subterranea f.sp.subterranea. Histological (Fluorescent microscopy) and molecular methods (qRT-PCR) were
used to identify the thickness of phellem (periderm) layer, degree of phellem and lenticel suberisation and relative expression
of three suberin synthetic genes (CYP833A, StKCS6 and POP_A) from pathogen treated tubers. The variants showed a
greater degree of phellem suberisation, and up to 7-fold increased expression of the suberin gene StKCS6 compared to the
parent. We hypothesize that this suberisation provides an enhanced physical structure and important barrier for pathogen
invasion into tubers and is important for enhanced resistance to common and powdery scab.
Table 1. Comparison of the number of phellem cell layers
and suberisation between variants and the Russet Burbank
parent in glasshouse studies following S. scabiei challenge.
Clone
R. Burbank (parent)
A380
A365
TC10C
LSD (P=0.05)

No. of
phellem layers
6.2
8.1
5.5
8.0
0.11

phellem
suberisation
0.7
1.3
1.5
1.4
0.07

Molecular comparison of elite clone A380 with the parent R.
Burbank shows a 7-fold greater expression of the StKCS6
gene in A380 (Fig. 1). This enhanced expression of a
suberin expression gene supports the histological results in
Table 1.

Relative Gene expression

INTRODUCTION
Common and powdery scabs are important soil-borne potato
diseases and impose substantial impediments to sustainable
and profitable potato production world-wide. Common scab
caused by infection of developing tubers with pathogenic
Streptomyces spp. has resulted in losses of ~4% to the
French fry processing sector, within Australia, through seed
and processing tuber rejection and increased processing
costs (1). Powdery scab is caused by infection of tubers by
the protozoan pathogen S. subterranea. In addition to
induction of tuber lesions, it is thought to cause significant
yield reduction through root infection (2). There are
currently no effective and sustainable management strategies
for either disease. Using somaclonal cell selection
techniques we obtained variants of the cv. Russet Burbank
with extreme resistance to common scab (3). Further
screening identified concurrent resistance to powdery scab
within the majority of these variants, however the
mechanism of resistance was not known. The outer cell wall
(periderm or phellem) of potato tubers are the first defence
to soil-borne pathogens and their physical and chemical
components may determine resistance to pathogen invasion.
One important barrier is suberin, a aliphatic and aromatic
bio-polyester (1). In glasshouse and field studies we
examined the impact of exposure to common and powdery
scab pathogens on phellem thickness and suberin synthesis.

8
7
6

Russet Burbank (Parent)
A380

5
4
3
2
1

0
MATERIALS AND METHODS
StKCs6
Cyp833A
Pop_A
Disease free mini-tubers were used in all trials. S. scabiei
and S. subterranea inoculation methods were adopted from
Suberin Gene
previous studies (1, 2). The specific stage of tuber Figure 1. Relative mean fold change in the gene expression
physiological development was determined by direct of suberin synthetic genes (CYP863A, StKCS6 & POP_A)
examination (1). Tubers of different ages were harvested in tubers harvested from variant line A380 and the Russet
and stored at either -80°C or in FAA (4°C) for gene Burbank parent.
expression and histological studies respectively.
Histological studies Fluorescent microscopy was used to The observed histological and molecular responses were
determine the number of phellem layers. Suberisation in seen at key stages of tuber development, when infection is
tuber phellem was estimated using the rating scale (0-0% no thought to occur. These results suggest that enhanced
suberin,1-0-5%, 2-5-15%, 3-15-30%, 4-30-50%, 5-50-75%, suberisation in disease resistant variants may be important in
restriction of pathogen infection thorugh the peridermal
6-75-90%, 7-95% suberin on all cell layers).
Gene expression studies RNA extraction and qRT-PCR region and provide resistance to these two tuber diseases.
enabled determination of the relative expression of three
ACKNOWLEDGEMENTS
genes involved in suberin synthesis in potato tubers
TIA (UTAS) for scholarship support for TT.
(StKCS6, CYP833A & POP_A) between the variants and the
parent cultivar following pathogen challenge. Data were REFERENCES
normalised to expression of the internal control r18s.
1. Khatri, B.B., Tegg, R.S., Brown, P.H. & Wilson, C.R.
(2011) Plant Pathology 60: 776-786.
RESULTS AND DISCUSSION
2. Shah, F.A., Falloon, R.E., Butler, R.C. & Lister, R.A. (2012)
The Russet Burbank parent had significantly less phellem
Australasian Plant Pathology 41: 219-228.
layers than two of the selected somaclonal variants whilst
3. Wilson, C.R., Tegg, R.S., Wilson, A.J., Luckman, G.A.,
degree of suberisation in all three variants was significantly
Eyles, A., Yuan, Z.Q., Hingston, L.H. & Conner, A. J.
higher (Table 1).
(2010) Phytopathology 100: 460-467.
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ILYONECTRIA IN GRAPEVINE PROPAGATION NURSERY SOIL IS A CAUSE OF
YOUNG VINE DECLINE IN THE RIVERINA
A

M.A. Whitelaw-WeckertA, L. RahmanA
National Wine and Grape Industry Centre, NSW Department of Primary Industries, Charles Sturt University, Wagga Wagga, NSW,
Email: melanie.weckert@dpi.nsw.gov.au

ABSTRACT. The unexplained deaths of newly planted grapevines is of great economic importance to Riverina wine-grape
growers. Vines from the same propagation nursery batches that do not die immediately are often developmentally retarded
and usually die within a few years. Characteristic symptoms include very short shoots, low yields and severely stunted roots
with black sunken necrotic root lesions. ‘Black goo’ symptoms are absent and the Petri disease fungi not consistently
isolated, although members of Botryosphaeriacea are often isolated from below the graft union, both in trunks and roots. In
an attempt to determine the cause of young vine decline in the Riverina, NSW, we surveyed 20 affected vineyards. Fungi
were isolated from the root system and trunks of six uprooted grafted Chardonnay grapevines from each vineyard. Isolates of
two pathogenic Ilyonectria species (cause of ‘black foot’) were isolated from the rootstocks of every diseased grapevine
examined. When plants from a propagation nursery supplying the diseased vineyards were sampled, every rootstock stem
examined showed disease symptoms. In addition, nursery soil and roots were consistently infected with Ilyonectria. Root
inoculation of potted Chardonnay with Ilyonectria isolates from the diseased vineyards resulted in symptoms typical of
black-foot disease. We conclude that a major initial cause of young vine decline in the Riverina is infection by Ilyonectria
spp. from nursery soil.
INTRODUCTION
Wine grape-growers in Australia’s Riverina wine region
have reported the deaths of many newly planted grapevines.
Characteristic symptoms included very short shoots, low
yields, severely stunted roots with few feeder roots, black
sunken necrotic root lesions and premature death. The
objective of this study was to elucidate the pathogens
responsible for young vine decline in the Riverina. As the
Riverina grapevine roots were severely stunted, we
expanded on the earlier Australian investigation (1) by
including grapevine roots as well as rootstock trunks, scion
trunks and cordons.
MATERIALS AND METHODS
Vineyard and propagation nursery isolations We
conducted an investigation into the incidence of wood and
root fungal pathogens from one year-old vines in a
propagation nursery and six whole vines from each of 20
Riverina vineyards with young vine decline. Roots and
trunk pieces were surface sterilised (3 min 1% chlorine and
3 washes SDW) and plated on Dichloran Rose Bengal
Chloramphenicol agar. They were also moist incubated for
extended periods.
Bait plants Chardonnay bait plants (four replicates) were
grown for one year in soil from four sites: (A) adjacent to
newly planted diseased vines in vineyard; (B) a ‘diseased’
field site in the nursery supplying the vineyard; (C) soil from
site B, sterilised by autoclaving and (D) a healthy field site
within the same nursery.
Rapid pathogenicity assay on Chardonnay grapevine
seedlings Grapevine seeds (Chardonnay) were surface
sterilised in 0.5M H2O2 for 24h. The seeds were then
washed with SDW three times and soaked for 5 min in 2%
hydrogen cyanamide (H3NCN, Sigma) to break dormancy.
The seeds were planted in sterile potting mix until the
seedlings were 4 cm high. They were then dipped for 30
min into a suspension of conidia and mycelium (1 x 105
spores mL-1) of Ilyonectria macrodidyma (DAR81461)
isolated from a rootstock trunk from one of the surveyed
vineyards. Control plants were dipped in water. The
seedlings were planted in sterile potting mix in 1.2 L pots
arranged in randomised complete blocks in a glasshouse
maintained at 15–25◦C and watered to field capacity. The
roots for both the above bait plant and seedling pot
experiments were scored for root health and roots and stems
were surface sterilised and incubated first on DRBC and
then PDA as above. Root and shoot dry weights (50°C until
2.
constant weight) were determined. Data were subjected to
analysis of variance (anova) test and least significant
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differences were calculated at P< 0·05 using Genstat for
Windows, 8th edition.
RESULTS and DISCUSSION
I. macrodidyma or I. liriodendri were isolated from 100% of
all selected diseased grapevines in the 20 vineyards
investigated. In the propagation nursery, every rootstock
stem plus the soil and roots investigated were infected with
Ilyonectria. Petri disease fungi were isolated from 22% of
vineyard vines. Botryosphaeriacea fungi were isolated from
89% of rootstock trunks and our investigations showed that
these originated in rootstock mother vine cuttings (data not
shown). No pathogens were isolated from the Chardonnay
bait plants in (A) vineyard soil, (C) sterilised diseased
nursery soil, or (D) healthy nursery soil, but I. macrodidyma
was isolated from the nursery soil from the diseased nursery
site (B) and the roots were significantly stunted (Table 1).
The pathogenicity assay on Chardonnay seedlings showed
that, within 5 weeks after inoculation, I. macrodidyma had
caused severe root disease symptoms (data not shown).
Table 1. Pathogens from Chardonnay bait plant roots.
Source of soil
Pathogens
Root dw
isolated
(g)
(A) Vineyard
7.1 a,b
0
(B) Nursery soil from I.
4.0 b
‘diseased’site
macrodidyma
(C) Sterilised nursery 0
9.7 a
soil from ‘diseased’
site
(D) Nursery soil from 0
12.5 a
second (‘healthy’) site
P
0.033
l.s.d.
5.4
Values within a column followed by the same letter are not significantly
different based on l.s.d. (P=0.05).

Conclusion. Two Ilyonectria species, cause of blackfoot in
Australia (2) were consistently involved in young vine
decline in the Riverina. The high Ilyonectria inoculum level
in the nursery field soil is of serious concern for Australian
viticulture.
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ROOT PATHOGENS DETECTED IN IRRIGATION WATER OF THE ORD RIVER
IRRIGATION AREA
A

R.E. ZappiaA, D. HüberliB,C, G.E. St.J. HardyA,C and K.L. BaylissA
Cooperative Research Centre for National Plant Biosecurity, Bruce, ACT and School of Biological Sciences and Biotechnology, Murdoch
University, 90 South Street, Murdoch, WA, 6150. Australia. Email: R.Zappia@murdoch.edu.au
B
Department of Agriculture and Food Western Australia, 3 Baron-Hay Court, South Perth, WA, 6151, Australia.
C
Centre for Phytophthora Science and Management, School of Biological Sciences and Biotechnology, Murdoch University, Murdoch,
WA, 6150, Australia.

ABSTRACT. Expansion of the Ord River Irrigation Area in Kununurra, Western Australia is currently in progress, and
subject to various environmental controls, including the implementation of irrigation tailwater management (recycling)
systems. The aim of this research was to determine the presence of plant pathogens in the irrigation water in the irrigation
area; and to ascertain what impact they could have if tailwater is recycled. Surveys were conducted during the 2010 and
2011 dry seasons to determine the presence of Phytophthora and Pythium species in the irrigation water and the
pathogenicity of isolated species was assessed against two commercial crops – butternut pumpkin and chia. Several
pathogenic isolates caused damping-off or distorted primary and lateral root growth. These preliminary findings demonstrate
the presence of plant pathogens in the irrigation water, and the need for further investigation to assist with their management
in the tailwater.
INTRODUCTION
The existence of plant pathogens in irrigation water has been
reported from irrigation systems worldwide in both supply
and tailwater (drains) (1). The Environmental Risk
Management Plan (ERMP) for the Ord River Irrigation Area
(ORIA) expansion proposes a tailwater management system
that will require tailwater to be captured on-site and returned
to the farm for application to the crop. Some Phytophthora
species, notorious root and collar rot pathogens, have been
previously isolated in the ORIA. The aim of this research
was to determine the presence of Phytophthora and Pythium
species in the irrigation water of the ORIA; and to ascertain
what impact they could have on biosecurity in the region if
tailwater is recycled.
MATERIALS AND METHODS
Surveys were conducted during the 2010 and 2011 dry
season in Kununurra, Western Australia. Triplicate, 1 L
surface water irrigation samples (<50 cm) were collected
and filtered through a 5.0 µm membrane (Durapore, Merck
Millipore, USA). Membranes were inverted on to selective
media (2), incubated and isolates purified and identified by
DNA sequencing.
Chia (Salvia hispanica L.) and butternut pumpkin
(Cucurbita moschate ‘Sunset QHI’) seedlings were
inoculated with Phytophthora and Pythium isolates in vitro
to determine pathogenicity. Surface sterilised seeds were
grown for 48 h under aseptic conditions, and then inoculated
with an agar plug of a 3 d old culture. Plates were incubated
for 48 h, then roots assessed for the presence of lesions. The
bioassay was repeated twice. To confirm pathogenicity in a
soil environment, representative isolates were assessed on 5
d old chia and pumpkin seedlings in punnets containing
pasteurised soil. The punnets were inoculated with infected
seed, prepared in the same manner as the bioassay. The
punnets were incubated for a period of 14 d and 10 d
respectively, and seedlings were assessed daily for
symptoms. This trial was repeated twice. Seedlings were
assessed for pathogen colonisation at the conclusion of each
trial.
1.
RESULTS AND DISCUSSION
2.
Of the 197 isolates screened in the bioassay, 68 caused the
3.
formation of brown lesions on both the pumpkin and chia.
4.
Distortion of their root systems was also observed (Table 1).
Further screening of representative isolates against chia
grown in soil found that only P. helicoides was pathogenic.
Damping-off was observed 3 d post-inoculation, with the
7th Australasian Soilborne Diseases Symposium

proportion of disease development in the punnet averaging
9.7mm/day. This is the first report of P. helicoides being
pathogenic on chia. The only other known pathogen of chia
is Macrophomina phaseolina (3).
Table 1. Mean (±SD) of root length and percent (%) of
primary root infection of chia and pumpkin, 48 h postinoculation with representative isolate of Pythium
helicoides, Phytophthora cinnamomi var. parvispora, and
Pythium sp. in aseptic conditions. Column values followed
by the same letter are not significantly (P=0.05) different.
Chia
Species

Root
Length
(mm)
a

P. helicoides

3±2.0

P. cinnamomi var.
parvispora

8±3.8a

Pythium sp.

9±3.4a

Negative Control

10±6.7

(mm)

Percent
Root
Infected
(%)

23±13.5c

93±15.9b

86±34a

51±22.9ab

62±30.1ab

100±0a

38±12.4bc

23±39.1ac

100±0

a

Pumpkin

Percent
Root
Infected
(%)

0

b

a

Root
Length

68±15.5

a

0c

CONCLUSION
This study has demonstrated that plant pathogens are present
in the irrigation water of the ORIA. Further work is
required to ascertain how recycling of tailwater for irrigation
may exacerbate the spread of pathogens and disease, as
found with Phytophthora capsici (4).
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ANTI-FUNGAL METABOLITES PRODUCED BY PSEUDOMONAS FLUORESCENS
FD6 AND ACTIVITY AGAINST THE PLANT PATHOGENIC BOTRYTIS CINEREA,
PYTHIUM AND RHIZOCTONIA SO
A

Q.X. ZhangAB, L. Q. ZhangC and P.R. HarveyA
CSIRO Ecosystem Sciences & Sustainable Agriculture Research Flagship (SAF), Waite Campus, PMB2, Glen Osmond, 5064, SA
B
College of Horticulture and Plant Protection, Yangzhou University, Yangzhou 225009, Jiangsu, P.R. China.
Email: Qingxia.Zhang@csiro.au
C
College of Agriculture and Biotechnology, China Agricultural University, Beijing 100094, P.R. China

ABSTRACT. . The rhizosphere bacteria Pseudomonas fluorescens FD6 showed significant in vitro growth inhibition of
plant pathogenic Pythium, Rhizoctonia solani and Botrytis cinerea. Potential mechanisms of fungal inhibition by were
investigated by PCR screening for antibiotic biosynthesis genes, thin layer chromatography (TLC) of the antibiotics and antifungal activity via TLC-bioautography. Ps. fluorescens FD6 produced the antibiotics pyrrolnitrin (prn), 2, 4diacetylphloroglucinol (phl), pyoluterorin (plt), but not phenazine-1-carboxylic acid (pca). Only prn directly inhibited spore
germination and mycelial growth of B. cinerea. AFLP analyses of FD6 genomic DNA has identified 4 strain-specific
fragments with potential to be developed as qPCR markers to quantify environmental competence of this disease suppressive
inoculants.
INTRODUCTION
Plant-beneficial Pseudomonas spp. are a major group of
rhizobacteria widely dispersed in agricultural soils.
Pseudomonas spp. have been reported to promote plant
growth directly, via the production of phytohormones and
indirectly, via suppressing plant pathogenic fungi.
Pseudomonas strains can synthesize the antifungal
metabolites pyrrolnitrin (prn), 2, 4-diacetylphloroglucinol
(phl), pyoluterorin (plt) and phenazine (PCA). These
antibiotics inhibit fungal growth and are important
mechanisms of disease suppression. Ps. fluorescens FD6
was isolated from a canola rhizosphere in Fujian Province
(China) and showed significant in vitro growth inhibition of
the soil-borne pathogens Rhizoctonia solani and Pythium
aphanidermatum and the foliar pathogen B. cinerea.1.
Research was undertaken to characterise the production of
antifungal metabolites by FD6 and their relationship to2.
disease suppressive efficacy. AFLP is being undertaken to
differentiate FD6 from related Pseudomonas strains and3.
quantify environmental competence of the strain.

Comparison with GenBank indicated high homologies to P.
fluorescens Pf5 DNA, specifically genes for the RebB
protein, a DNA-binding response regulator, a putative
dihydroortase and a conserved hypothetical protein.
Sequences of these 4 FD6-specific fragments are being used
to design qPCR primers for quantitative detection and
monitoring of this disease suppressive bacterium following
plant and soil inoculation.
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MATERIALS AND METHODS
DNA extractions and PCR screening of Ps. fluorescens FD6
for the presence of antibiotic biosynthesis genes prn, phl, plt
and PCA was as described previously (1). Thin layer
chromatography (TLC) was used for qualitative analyses of
antibiotic production and TLC-bioautography was used to
test the inhibitory activities of antibiotics against B. cinerea
(2). AFLP analyses of FD6 and related Pseudomonas strains
were as described previously (3).
RESULTS AND DISCUSSION
PCR screening of Ps. fluorescens FD6 with primers for
antibiotic biosynthesis genes indicted the presence of the
prn, phl and plt pathways. The target gene for PCA
biosynthesis was not detected. TLC of commercially
available phl, prn and plt standards in comparison with FD6
culture extracts confirmed that this antagonistic bacteria can
produce all 3 of these antifungal metabolites. TLC bioautography results using purified and FD6-derived prn
indicated that the both compounds were inhibitory to
germination of B. cinerea conidia and mycelia growth. In
contrast, phl and plt standards and FD6 extracts did not
inhibit growth of B. cinerea. Therefore, the antibiotic prn
significantly inhibits fungal growth and may be an important
mechanism by which Ps. fluorescens FD6 suppresses fungal
root diseases.
AFLP analysis resolved unique banding profiles for FD6
in comparison with related Pseudomonas strains. Four FD6specific fragments were purified, cloned and sequenced.
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POSTER PRESENTATIONS
STUDIES TOWARD UNDERSTANDING THE CAUSE OF BLACKBERRY
DECLINE IN THE SOUTH-WEST OF WESTERN AUSTRALIA
A

S. AghighiA, L. FontaniniB, P.B. YeohC, J.K. ScottC, T.I. BurgessA and G.E.St.J. HardyA
Centre for Phytophthora Science and Management, School of Biological Sciences and Biotechnology, Murdoch University, Perth, WA,
Australia, S.Aghighi@murdoch.edu.au
B
Warren Catchments Council, 52 Bath Street, Manjimup, W.A. 6258, Australia
C
CSIRO Ecosystem Science and Climate Adaptation Flagship, WA, Australia

ABSTRACT. Rubus anglocandicans is the most widespread and invasive species in the Rubus fruticosus aggregate
(European blackberry) found in Australia. Blackberry has been targeted for biological control since the 1980s and most of
this effort has focused on introducing exotic strains of the host-specific leaf rust, Phragmidium violaceum in Australia.
During surveys established to assess the releases of the rust fungus in 2005, dead and diseased blackberry plants were found
at two locations along the Warren and Donnelly Rivers in WA. This has lead to the disease being called “blackberry decline”.
The disease appears to be due to a root pathogen(s) and during initial sampling several Phytophthora species were isolated. In
order to investigate the cause(s) of disease and the potential role of Phytophthora species in the decline, field surveys were
carried out over 2010 and 2011 in the decline and non-decline sites along the Warren and Donnelly rivers. During these
surveys, Phytophthora species were recovered from decline sites including P. bilorbang which seems to have an association
with declining blackberries.
INTRODUCTION
Rubus anglocandicans is referred as a Weed of National
Significance in Australia because of its high degree of
invasiveness, potential for spread, and economic and
environmental impacts (1). It restricts recreational access
and affects indigenous plants and animals. With the
increased concern about conserving natural resources,
interest in biological control of weeds has increased
significantly in the last decade. With regard to the
application of biocontrol, efforts has been taken to introduce
exotic strains of Phragmidium violaceum to Australia;
however, it seems that it does not have enough potential as
it could not be applied with herbicides. Therefore, there is a
constant need to find new innovative strategies to efficiently
decrease the blackberry population. A disease recorded as
‘blackberry decline’ in some blackberry sites in WA (Yeoh
et al., personal communication) and the causal agent(s)
could be considered for biological control of R.
anglocandicans. The present study aimed to isolate and
identify pathogen(s) associated with the decline syndrome.
METHODS AND RESULTS
Rhizosphere soil and diseased roots were collected from
dying R. anglocandicans and from non-decline sites in the
Manjimup-Pemberton region of Western Australia along the
Warren and Donnelly River catchments. The soil and root
samples were baited with leaves and petals from a range of
different plant species. Baits with brownish lesions were
blotted dry, and the lesions were cut into 1–2 mm sections
and plated onto a Phytophthora selective medium.. Plates1.
were incubated in the dark at 20°C and checked regularly for
Phytophthora hyphae. Colonies growing from the plated
lesion sections were transferred to V8 agar.
Isolated Phytophthora species were identified through
morphological features (including colony morphology,2.
growth rate and microscopic criteria), and molecular studies
and Phylogenetic analysis of the ITS, coxI, HSP90, BT and
NADH gene regions.
During surveys, several isolates of a new species were
isolated from only decline sites and was described as P.
bilorbang (2). The name of the new species refers to a
Noongar (southwest Australian Aboriginal) word for a
person living on the banks of a river. P. bilorbang most
closely resembles other homothallic species in clade 6; P.
gregata, P. gibbosa and P. megasperma, but can be easily
distinguished from these based on a combination of
molecular and morphological differences. Under bark
7th Australasian Soilborne Diseases Symposium

inoculation was carried out to examine if four different
isolates of P. bilorbang can cause lesions on excised stems
blackberry as apreliminary pathogenicity trial with 10
replicates per isolate. All P. bilorbang produced extended
lesions in the inoculated stems.
DISCUSSION
The appearance of "blackberry decline" offers possible
opportunities for the biological control of blackberry in WA.
At present it is only known from the Warren and Donnelly
River catchments. A considerable amount of research is
needed to answer all the questions raised by the appearance
of "blackberry decline". What organism/s including P.
bilorbang is/are causing the decline? Where do these
organisms originate from? What is their host range? How do
they spread and how far? It is important to solve these and
other questions before we can address the question about the
potential to use the pathogen for the biological control of
blackberry. In conclusion, a new homothallic species from
Phytophthora Clade 6 as P. bilorbang was isolated from
declining blackberries. Further studies are being investigated
for better understanding of disease epidemiology and other
factors involved in the decline syndrome.
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RHIZOCTONIA SPECIES IMPLICATED IN ONION STUNT
A

S.T. Anstis, B.H. Hall and T.J. Wicks
South Australian Research & Development Institute, Adelaide, SA. Email: simon.anstis@sa.gov.au

ABSTRACT. Onion stunt is a soilborne root disease of onions caused by Rhizoctonia solani AG8 that results in patches of
stunted plants with undersized bulbs. R. solani DNA soil analysis for AG’s 2.1, 2.2, 3, 4, 5 and 8 in addition to Rhizoctonia
root isolations were performed on 6 onion paddocks with symptoms of stunting from Western Australia and 3 from South
Australia. Rhizoctonia type fungi were isolated from 5 of 6 onion paddocks in WA and 3 paddocks from SA. R. solani AG4
was only detected in WA. R. solani AG8 was only found in SA occurring in higher amounts in stunted patches compared to
adjacent normal areas of onion growth. R. solani AG’s 2.2 and 3 were not detected in any soil sample while AG’s 2.1 and 5
were detected sporadically and did not appear to have any relationship to disease. Pathogenicity testing of Rhizoctonia
isolates demonstrated that AG8 in SA and AG4 in WA could be responsible for stunting. While pathogenic binucleate
Rhizoctonia (BNR) were found in both SA and WA soils they were generally not as virulent as pathogenic R. solani isolates.
Further work is needed on BNR to characterise their identity, determine their incidence of disease and whether management
strategies suitable for R. solani apply to these fungi.

RESULTS
Soil DNA Analysis R. solani AG2.1 was found in paddocks
from SA and WA but was not associated with stunting. R.
solani AG2.2 and 3 were not detected while AG5 was found
in one sample from WA. AG4 was found in samples from
WA although in 1 paddock DNA detected in normal soil
was higher compared to stunted soil. 3 paddocks from WA
did not contain detectable R. solani DNA >3 pg DNA/g
(data not shown). AG8 was found in SA and occurred at
higher amounts in stunted patches compared to normal
growth (Table 1).
Pathogenicity testing Rhizoctonia were isolated from 5
paddocks surveyed in WA and three paddocks in SA.
Rhizoctonia isolates from WA were either non AG typed
BNR or belonged to the binucleate AGA group while R.
solani isolates fungi belonged to AG4. In SA soils
pathogenic AGA, AGK and R. solani AG8 were found.
1.
With the exclusion of AG8 all groups of Rhizoctonia
isolated showed variation in pathogenicity compared to
7th Australasian Soilborne Diseases Symposium

Table 1. R. solani AG DNA soil analysis (pg DNA/g)
from onion paddocks in WA and SA.A - below detection
limit, B – not tested.
Paddock Sample AG2.1
AG4
AG8
WA - 1

Normal
Stunt

13
17.2

1.4

-

WA - 2

Normal
Stunt

-A
-

884
623

-

WA - 3

Normal
Stunt

-

2.9
8.8

-

SA - 1

Normal
Stunt

58
0.6

-

-

SA - 2

Normal
Stunt
Normal
Stunt

ntB
nt

nt
nt

2.2
116
10.1
193

SA - 3

4
3
2
1
0
Con
AG8 (onion)
AG8 (wheat)
AGA
AGA
BNR
BNR
AGK
AGK
AG8
AGA
AGA
BNR
BNR
AG4
AG4
AG4

MATERIALS AND METHODS
Soil DNA Analysis Soils from both WA and SA were
sampled from inside stunted patches and normal onion
growth within 2 m of the patch edge and analysed for R.
solani AG’s 2.1, 2.2, 3, 4, 5 and 8 by the SARDI Root
Disease Testing Service (Urrbrae, SA).
Pathogenicity testing Rhizoctonia were isolated from
seedlings roots taken within stunted (<60% height of normal
growth) patches of onion plants from 6 onion paddocks in
WA and 3 from SA. Isolated Rhizoctonia were tested for
pathogenicity using a bioassay where onion seedlings were
grown for 5 weeks in soil inoculated with each test isolate
(Wicks et al 2011). Pathogenicity of test isolates was
compared to pathogenic R. solani AG8 from either wheat or
onion (Wicks et al 2011).
Rhizoctonia isolates were putatively identified using
BLAST library matching of the ITS 1 region or identified as
bi-nucleate Rhizoctonia (BNR) of unknown AG type
according to hyphal morphology.

reference AG8 isolates or had no effect on seedling growth
(Figure 1). While BNR were detected in WA and SA soils
they were generally not as virulent as AG8 or AG4.

Fresh Weight (g/pot)

INTRODUCTION
Onion stunt is a serious disease widespread among onions
grown in the mallee of SA and is caused by R. solani AG8
(Wicks et al 2011). The disease results in patches of stunted
onions with retarded shoot growth and pruned roots with
‘spear’ tipping.
In 2011, onions planted in the Myalup area of WA
showed patches of stunted growth similar to that found in
South Australia.
This paper reports the pathogenicity of Rhizoctonia
isolates and soil Rhizoctonia DNA analysis from onion
plantings in Western and South Australia to further
understand the role of Rhizoctonia in causing Onion Stunt.

Con

South Australia

Western Australia

Figure 1. Effect of Rhizoctonia from either WA or SA on
the growth of onion seedlings. Error bars indicate standard
error.
DISCUSSION
In contrast to SA paddocks, onion stunting in WA was
associated with AG4 and not AG8. There was no
relationship of AG4 inoculum to disease incidence a subset
of these fungi may be causing disease.
Further work is needed to characterise pathogenic
binucleate Rhizoctonia, determine the incidence of disease
caused by these fungi in the field and if management
strategies suitable for minimising loss caused by R. solani
are applicable to these fungi.
REFERENCES
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BACTERIA FOR REDUCING EFFECTS OF ROOT-KNOT NEMATODE
INFECTION ON TOMATO SEEDLINGS
N.L. Bell, G. Burch, T.C. Rohan and L.T. Aalders
AgResearch, Hamilton, New Zealand. nigel.bell@agresearch.co.nz

ABSTRACT. Thirty-two strains of bacteria were tested in three tomato seedling bioassays against the root-knot nematode
Meloidogyne hapla. The bacteria were characterised by their ability to produce the potentially beneficial compounds
aminocyclopropane carboxylic acid (ACC) deaminase, indole acetic acid (IAA) or iron-chelating siderophores. Six of the
seven bacterial strains that produced ACC deaminase reduced tomato root galling with the two best strains reducing galling
by 50% compared to untreated controls. There was no consistent effect of IAA or siderophore-producing strains on root
galling or plant yield. Further research is warranted to investigate the mechanism of gall reduction by ACC and whether this
has long-term benefits for tomato yield.
INTRODUCTION
Tomatoes are grown commercially in many temperate and
tropical parts of the world, including New Zealand and
Australia. While glasshouse production of tomatoes is
common there is also a substantial proportion of the crop
which is grown outdoors. Root-knot nematodes
(Meloidogyne sp.) are one of the yield limiting pests of
tomato in outdoor growing situations due to their disruption
of root function.
Almost all outdoor crops are established from
transplanted seedlings which are grown in glasshouses and
hardened off before planting into beds. This transplant stage
offers an opportunity to introduce beneficial organisms (1),
in this case to tomato seedlings, that can then be transferred
to the outdoor situation at planting.
A number of possible mechanisms have been described
to explain how beneficial bacteria improve plant growth.
Three of these are production of ACC deaminase which
reduces ethylene production in plants; IAA which is a plant
growth promoter; and siderophores which allow bacteria to
sequester iron in the rhizosphere, depriving pathogens of
this resource.
The current study reports bioassays of bacterial strains
characterised for IAA, ACC and siderpohore production, to
quantify any benefits they gave to tomato seedling yield or
root galling under challenge from root-knot nematodes.
MATERIALS AND METHODS
Bacteria were selected from the AgResearch Ruakura
culture collection as being beneficial to plant growth in
previous testing or were freshly isolated from tomato roots.
Bacteria were characterised for their ability to produce IAA,
ACC and siderophores using standard methods.
Three bioassays were conducted as described by (2).
Briefly, tomato seed were individually planted into root
trainers and inoculated with bacterial suspension (12, 11 and
9 strains for bioassays 1–3 respectively) or distilled water
(untreated control) at sowing. For all bacterial strains, one
week after sowing a 1 ml solution of Meloidogyne nr
hispanica nematode eggs or distilled water were inoculated
into the substrate at 20 mm depth around each seedling.
Seedlings were maintained in a 20°C controlled
environment room with regular overhead watering. There
were eight replicate plants for each bacterial strain ×
nematode combination.
Approximately 3000 nematode eggs were inoculated per
plant for all bioassays. Four weeks after nematode
inoculation plant roots were washed free of substrate and
shoot and root fractions separated. The percentage of the
root system which was galled by the nematodes was scored
1.
visually.
2.
RESULTS
Fifteen of the bacterial strains produced only one of the
compounds measured (mostly siderophores) while a single
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strain produced all three and eight produced no detectable
levels of any of the compounds.
Six of the seven bacterial strains that produced ACC
reduced tomato root galling with the two best strains
reducing galling by 50% compared to control (Table 1). The
strain that did not reduce galling was also the strongest
producer of siderophores of this group. The reduction in
galling caused by this group of bacteria did not, however,
result in any substantial increase in shoot growth for any of
the strains.
There was no consistent effect of IAA or siderophoreproducing strains on root galling or plant yield with half the
strains of each increasing and half reducing these variables
compared to control. Similarly, those strains which did not
produce detectable levels of IAA, ACC or siderophores had
no consistent effect on galling or plant growth.
Table 1: Mean percent change (range in parentheses) in
galling, shoot dry weight (DW) and root DW in tomato
plants inoculated with Meloidogyne nematodes, compared to
untreated control.
Galling
Shoot DW
Root DW
ACC (n=7)
-20
-10
-16
(11 to -50)
(7 to -27)
(18 to -35)
IAA (n=6)
-11
2
10
(44 to -50)
(24 to -15)
(52 to -21)
Siderophore
8
-2
0
(n=20)
(94 to -61)
(24 to -27)
(50 to -35)
DISCUSSION
The reduction in galling caused by bacteria producing ACC
seems promising. Paradoxically, the reduction in root weight
is also promising in this case because root galls caused by
Meloidogyyne nematodes can add considerably to root
weight, so a reduction in galling may well lead to a
reduction in root weight. Further investigation would be
needed to determine if the reduction in galling was due to a
reduction in nematode invasion or merely an increase in root
growth due to the reduction in root elongation-limiting
ethylene in the plant. If a reduction in nematode invasion
was found, longer-term experiments would be needed to
determine any subsequent effects on tomato yield.
ACKNOWLEDGEMENTS
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THE NEMATODE WITH A ‘STING’ IN IT’S TAIL – A NEW CHALLENGE FOR
WESTERN AUSTRALIA
S.J. Collins
Department of Agriculture and Food Western Australia, South Perth, WA, 6151, Australia

ABSTRACT. Ectoparasitic Sting Nematode Morulaimus gigas (or Ibipora lolii) is causing significant damage in turf
production and amenities areas in Western Australia (WA). This nematode is not native to WA and was probably introduced
on turf from New South Wales in the early 1970’s. It has continued to spread on infested turf and via soil attached to
machinery and equipment. Typical symptoms in turf are yellowed and thinning patches, particularly when under drought,
mowing or wear stress. Sting Nematode is now significantly impacting sports fields, local government reserves, parks and
recreational areas. Industry experts representing Local Government have confirmed that this pest is present in at least 50% of
Perth’s amenity turf areas. Costs of up to $10,000/ha are estimated for additional management required for infested areas.
Once an area is infested, it is rarely practicable, or even possible, to eradicate the nematode. Importantly, the Sting
Nematode found in Australia is not the Belonolaimus species found in other parts of the world. Belonolaimus is a damaging
pest of numerous vegetable crops, consequently, concerns are held that M. gigas may infiltrate horticultural production areas
adding to the already significant impacts to the turf sector. Therefore, further study of the Australian species is required to
develop management options to reduce its impacts to turf and understand which other industries may be impacted.
INTRODUCTION AND DISCUSSION
Turf grasses are commonly infested with plantparasitic nematodes. However, the Western Australian Turf
industry and amenities managers have been severely
challenged by the gradual yet unrelenting spread of Sting
Nematode Morulaimus gigas (or Ibipora lolii). This
nematode is not native to WA and was probably introduced
on turf from New South Wales in the early 1970’s. The
nematode has continued to spread on infested turf and via
soil attached to machinery and equipment.
Surveys
conducted during 2010 show that Sting Nematode is now
significantly impacting sports fields, local government
reserves, parks and recreational areas. In 2010 a survey of
metropolitan Local Governments conducted by Western
Australia Local Government Association (WALGA) found
that 1 in 3 Local Governments had sting nematodes in at least
one of their reserves and industry experts have confirmed
that this pest is present in at least 50% of Perth’s amenity
turf areas. Costs of up to $10,000/ha are estimated for
additional management required for infested areas.
Once an area is infested, it is rarely practicable or
even possible to eradicate the M. gigas. Major concerns are
held that this nematode may infiltrate into horticultural
production areas via passive movement on shoes and
equipment and as land previously utilised for turf production
becomes available to the horticulture industry. These
concerns are well founded because the Belonolaimus Sting
Nematode species found in other parts of the world is a
damaging pest of numerous vegetable crops including
potato, tomato, cauliflower, onion, carrot, cantaloupe and
strawberry.
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It is a large ectoparasitic nematode 2-3mm in
length, which feeds primarily on root tips and results in
abbreviated or stubby root system that is unable to function
efficiently. Crops damaged by sting nematodes often wilt,
may be stunted and may show symptoms of nutrient
deficiency. Seedlings may sprout from the soil and then
cease growing altogether. Yield losses can be severe,
approaching 100 percent in localized areas (1). Similarly in
turf, typical symptoms are patches of yellowed and thinning
turf, particularly when under drought, mowing or wear
stress.
Importantly, the genus of ‘Sting’ Nematode
known from overseas is Belonolaimus. However, the Sting
Nematode in WA (and other parts of Australia) is a species
of Morulaimus or Ibipora (taxonomic and DNA
investigations are underway by experts in Qld and SA).
Therefore, further study of the Australian species is required
to develop management options to reduce its impacts to turf
and other horticultural industries. This information could be
particularly important as Belonolaimus is found primarily in
coastal sandy soils similar to the swan coastal plain and
thrives best in irrigated cropland where there is a constant
supply of moisture.
REFERENCES
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THE IMPACT OF SUMMER RAINFALL EVENTS ON R.SOLANI INOCULUM
BUILD-UP AND IN-CROP EXPRESSION
A

B.S. CongdonA in coordination with R. LawesB and M. RentonA
The University of Western Australia, Crawley Campus, congdb01@student.uwa.edu.au
B
CSIRO, Shenton Park

ABSTRACT. Predicting the severity of soil borne diseases on cereal crops is integral in managing risk in rain-fed cropping
systems. Prediction based on knowledge of pre-sowing environmental and edaphic conditions is the only tangible way of
accuratelypredicting disease expression. In this experiment, soil infected with Rhizoctonia solani AG-8 was incubated over 6
weeks under 4 different watering frequencies to emulate the rapid and sporadic wet-dry rainfall patterns often exhibited in
summer in Western Australian cropping systems. Pre incubation inoculum levels were coupled with sowing bioassays and
plant analysis/post sowing inoculum levels to determine the impact of summer rainfall on the inoculum survival and
suppression in the soil. Plant growth was also monitored to evaluate whether the interaction between inoculum and summer
rainfalls affect the subsequent crop. Cereal residue was added to half the pots, further altering the evaporative demand,
wetting and drying profiles of the soil. Results from this experiment can then be used for further research in eliminating the
information gap in linking the environment to soil-borne disease expression allowing for better prediction of disease severity
and thus on-farm risk management as the grower decides on whether growing a wheat crop is too risky or not.
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SEED POTATO CERTIFICATION AND ITS ROLE IN SOILBORNE DISEASE
MANAGEMENT
N.S. Crump
Victorian Certified Seed Potato Authority, Private Mail Bag 1, Healesville, 3777, Victoria; nigelcrump@vicspa.org.au

INTRODUCTION
Certified seed potatoes underpin the multi-million dollar
national potato industry including the increasing export
markets. Total value of annual potato production in
Australia is around $470 million (ABS). In 2005–06,
Australia exported 52,000 tonnes of potatoes or potato
products, or about 4% of annual production, at a value of
$39m.
Biotic stress caused by soil borne pathogens is a major
threat to agriculture resulting in reduced crop yields and
endangering food security in developing and developed
countries. An effective seed certification scheme ensures
the efficient production of a stable food product to
consumers.
The successful development and administration of the
seed certification scheme in Victoria and South Australia
has meant that there has been;
• Reliable high health seed production
• Increased yields and product quality of commercial
crops in the fresh and processing industries.
• Enhanced efficiency in the use of natural resources
including land and water
• Management of diseases that limit yield and quality.
• Reduced necessity to use pesticides to manage pest
problems and a high adoption of Integrated Pest
management practices.
Seed potato certification has contributed to the increased
production of potatoes in Australia despite relatively
stable area under production. In fact, the potato yield per
hectare has continued to increase since the
implementation of seed certification schemes around
1937. It is therefore reasonable to assume that certified
seed potatoes will continue to lend stability to a crop that
shares a part of our diet and economy.
Objective of seed potato certification Seed potato
certification programs are designed and administered as a
means to provide reasonable assurances of seed quality
and health.
The reference to seed is not true botanical seed. It is a
reference to potato tubers which serve as vegetative units
for propagation of plants which will produce the new
potato crop (1). Many potato diseases are systemic in
potato plants and can be carried in or on the surface of
such "seed" tubers. All foundation seed originates from
high health tissue culture material that is multiplied
within the seed scheme for up to 5 crops before being
sold as seed for commercial crops.
Growing seed crops are scouted for disease twice per
season by trained inspectors, tubers are inspected
postharvest.
The following soilborne diseases are monitored in the
ViCSPA seed potato scheme which operates in Victoria
and South Australia.
•

•
•
•
•
•
•
•
•

Powdery scab, caused by Spongospora subterranea,
Black scurf, caused by Rhizoctonia solani,
Silver scurf, caused by Helminthosporium solani
Gangrene, caused by Phoma exigua,
Wilt, dry rot, caused by Fusarium spp.,
Wilt, caused by Verticillium spp.,
Black dot, caused by Colletotrichum coccodes,
Common scab caused by Streptomyces spp.

The tolerances of these diseases for seed certification
vary from zero tolerance to an acceptable rating of
incidence x severity.
Restricting the carryover of disease inoculum in potato
seed through certification provides high health planting
stocks that allow potential for maximum yield and
quality.
Role in Biosecurity The ViCSPA seed potato
certification scheme has a considerable role in the
biosecurity of the National Potato Industry for exotic
pests such as Potato Cyst Nematode (PCN). The
ViCSPA operated scheme is the only seed scheme in
Australia with a long history of soil testing for PCN,
thereby minimising the spread of the PCN throughout
Australia and true indication of pest free areas.
A zero tolerance applies to the following soil borne
diseases, which automatically precludes the crop from
being certified and potential quarantine restrictions.
•
Potato Cyst Nematode (PCN) (Globodera
rostochiensis or G. pallida)
•
Bacterial wilt (Ralstonia solanacearum)
•
Ring rot, caused by Clavibacter michiganense pv.
sepodonicum,
With trained field certification officers frequently
monitoring around 2000ha of seed crops, there is the
ability for the early detection of new incursions of pests
and diseases.
Conclusions Seed potatoes are among the most
expensive of inputs; and are the most important
contribution to yield and quality of a commercial potato
crop (1). As gross margins of potato crops continue to
decrease the value of seed certification will be further
enhanced.
Seed potato certification is of extreme value to industry
in terms of minimising the risk of disease and enhancing
potential yield and quality.
ACKNOWLEDGEMENTS
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Blackleg and related soft rots caused by Pectobacteria
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PYTHIUM SPP. ASSOCIATED WITH ROOT ROT OF PARSNIP AND PARSLEY IN
VICTORIA, AUSTRALIA
J.E. Petkowski, E.J. Minchinton, and R.F. de Boer
Biosciences Research Division, Department of Primary Industires, Knoxfield, Private Bag 15, Ferntree Gully DC, 3156 Victoria, Australia
Joanna.Petkowski@dpi.vic.gov

ABSTRACT Root rot is a disease complex of parsnip and parsley crops in southeastern Australia, causing up to 80% and
100% yield losses, respectively. It is attributed to a range of fungi and oomycetes in the genera Fusarium, Rhizoctonia,
Itersonilia, Phoma, Alternaria, Cylindrocarpon, Microdochium, Mycocentrospora, Acremonium, Phytophthora and Pythium.
Out of 57 Pythium isolates collected in monthly surveys of winter-grown parsley and parsnip crops in Victoria in 2009, 2010
and 2011, eleven Pythium spp. were identified using ITS rDNA sequence data. Six isolates could not be identified to the
species level. Pythium ultimum var. ultimum, P. intermedium and P. rostratifingens and species belonging to P. dissotocum
complex were common to both hosts. Pythium sulcatum and P. mastophorum were only isolated from parsley and P.
irregulare, P. sylvaticum, P. tracheiphilum, P. vanterpoolii and P. camurandrum were found exclusively on parsnip. Pyhtium
rostratifingens and P. camurandurum have not been previously reported in Australia, and P. mastophorum, P. tracheiphilum
and P. vanterpoolii were not recorded on parsley and parsnip. In glasshouse and growth cabinet tests, P. sulcatum was the
most aggressive species to both hosts, causing damping-off in seedlings and damage to tap and lateral roots. Remaining
species caused symptoms ranging from minor specks to severe lesions on tap roots and pruning of secondary roots.
Australia. Pythium sulcatum and P. mastophorum were
INTRODUCTION
Root rot is a disease complex of parsley and parsnip crops in isolated only from parsley and P. irregulare, P. sylvaticum, P.
southeastern Australia, causing up to 100% and 80% yield tracheiphilum, P. vanterpoolii and P. camurandrum from
losses, respectively. It is attributed to a number of fungi and parsnip.
oomycete species, including Pythium spp. (1). Symptoms
Table 1. Pythium spp. isolated from parsnip and parsley
range from minor root lesions to damping-off of seedlings and
roots at Devon Meadows and Clyde in 2009, 2010 and
root rot in mature crops. Previous studies showed that
2011, and identified using ITS sequence data.
Pythium spp. are involved in all stages of disease
development but are almost exclusively isolated from young
Species identified
No of isolates from host
plants of both hosts, early in the cropping season (1).
Parsnip
Parsley
This work reports on identification and pathogenicity of
P. dissotocum complex
8
2
Pythium spp. collected from roots of winter-grown
P. intermedium
7
2
commercial parsley and parsnip crops in southeastern
P. ultimum var. ultimum
4
2
P. sylvaticum
3
0
Australia in 2009, 2010 and 2011.
MATERIALS AND METHODS
Isolations Pythium spp. were isolated from symptomatic and
symptomless parsley and parsnip roots during monthly
surveys of untreated control plots, in six disease management
trials at Devon Meadows and Clyde, Victoria. Root sections
were washed in sterile distilled water, blotted dry and plated
onto water agar. Mycelia were grown on V8 agar plates or in
250mL conical flasks with V8 broth, scraped with a scalpel
blade or vacuum dried after 7-10 days incubation at room
temperature, and stored in 1.5mL centrifuge tubes at -20°C
for DNA extraction.
DNA extraction and ITS sequencing DNA was extracted
from mycelia of 57 isolates using FastDNA®SPIN for Soil
Kit. The ITS region including the 5.8S gene of Pythium
isolates were amplified by polymerase chain reactions (PCR)
using primers UN-UP18S42 (2) and ITS4 (3) as previously
described (2). The PCR products were purified (QIAquick
PCR purification Kit, Qiagen) and sequenced on an AB
3730xl automated sequencer by Australian Genome Facility
LTD. The isolates were identified to the species level by
conducting BLAST searches on GeneBank.
Pathogenicity tests Pathogenicity tests of selected Pythium 1.
spp. were conducted on parsley and parsnip plants and mature
parsnip roots in controlled temperature cabinets at 10°C, 2.
18°C, and 24°C, and in the glasshouse with day/night 3.
temperature set at 18°C and 15°C, respectively. Plants were
inoculated with mycelia of Pythium spp. on V8 agar plugs
buried into the potting mix or directly onto host roots and
assessed for the incidence of disease symptoms 3 weeks later.

P. irregulare
P. rostratifingens
P. camurandrum
P. tracheiphilum
P. vanterpoolii
P. sulcatum
P. mastophorum
P. spp

2
2
2
2
1
0
0
4

0
1
0
0
0
1
1
2

In a glasshouse and growth cabinets tests, P. sulcatum
was the most aggressive species causing damping-off of
seedlings and damage on mature roots of both hosts in all
temperature regimes tested. Remaining species caused
symptoms ranging from minor specks to severe lesions
on tap roots and pruning of secondary roots.
ACKNOWLEDGEMENTS
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research.
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RESULTS AND DISCUSSION
Eleven Pythium spp. identified from both hosts are listed in
Table 1. Two species isolated from parsley, P. rostratifingens
and P. mastophorum, and two species from parsnip, P.
rostratifingens and P. camurandrum are new records for
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APPLICATION OF VARIOUS INOCULATION METHODS TO EVALUATE
SUNFLOWER VARIETIES TO SCLEROTINIA SCLEROTIORUM UNDER FIELD
CONDITIONS
A

R. EbrahimiA, S. RahmanpourB, Y. GoostaC, S. RezaeeA
Department of Plant Pathology, College of Agriculture and Natural Resources, Science and Research Branch, Islamic Azad
University, Tehran, Iran. Email: ebrahimirouya@gmail.com
B
Seed and Plant Improvement Research Institute (S.P.I.I.), Mahdasht Road, Karaj, Iran.
C
Department of Plant Protection, College of Agriculture, Urmia University, Urmia, Iran.

ABSTRACT. It is necessary to develop cultivars with adequate genetic resistance for reduction of yield losses caused by
Sclerotinia sclerotiorum (Lib.) de Bary. The purpose of this study was to find an effective method of inoculation with S.
sclerotiorum fungus in order to screening and identifying of susceptible and resistant sunflower cultivars under field
evaluations. Three stem inoculation techniques including: 1- mycelium plug, 2- oxalic acid solution and 3 - wheat seeds
infested with Sclerotinia mycelium were employed. Four genotypes including Ghalami (local variety in market), Confeta,
Allstar, and Master were used in this study. Lesion lengths, lesion width, lesion as up and down leading on the stem from
inoculation site were measured after 3, 7, 10, and 14 days of inoculation. The experimental design used was completely
randomized with three replications. The evaluation was repeated three times separately. The analysis of variance showed
significant difference between all employed techniques and incubation days after inoculation. Reaction of cultivars and
employed inoculation techniques were significantly different moreover, mycelial plug demonstrated maximal lesion length
values.
INTRODUCTION
S. sclerotiorum is the soil born pathogen that causes the
disease, resulting wilt, stem rot, or head rot of sunflower.
The fungus has high pathogenicity and attack to more
than 480 plant species (1). This pathogen causes most
economic damages on sunflower worldwide, and has
been subject on disease control in several decades (2).
The chemical control is difficult, expensive, and harmful
for environment. Thus, it is required to develop cultivars
with adequate genetic resistance for yield losses.
Researchers have employed methods to evaluate crops
against the disease under field conditions (3).
Importantly, field screening for disease resistance is still
critical for the development of resistant cultivars (1). The
objective of this study was to find an effective method to
inoculate sunflowers with S. sclerotiorum for screening
and distinguishing resistant and susceptible genotypes.
MATERIALS AND METHODS
The Sclerotinia isolate used in this study was collected as
a single sclerot from North-West Iran. The sunflower
cultivars including Ghalami (local variety in market), and
Confeta, and Alestar and Master were used as
confectionary and oilseed varieties, respectively. Three
stem inoculation techniques: 1- mycelial plug (MP), 2oxalic acid solution (OAS) and 3- infested wheat seeds
(IWS), were employed. These methods were used to
compare for resistance evaluation under field conditions.
The treatments were wounded and non-wounded to find
out the effect of wounding on disease progress. Three
days after inoculation, Parafilm of the treated stems was
removed. The lesion lengths were measured after 3, 7, 10,
and 14 days incubation.
RESULTS
Analysis of variance showed significant differences
between the inoculation methods and reaction of
cultivars. Data comparison showed that the MP method is
significantly different from the others and demonstrated
the best infection (lesion length) on sunflower stems
(figure. 1). Furthermore, wounded treatments resulted in
faster progress of the disease in this technique comparing
to others. The largest lesion length on the Alestar cultivar
was established by the MP inoculation technique
meanwhile, Master did not show the disease symptoms
among the genotypes.
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Figure 1. Effect of inoculation methods on lesion length
caused by S. sclerotiorum (MP mycelial plug; OAS
oxalic acid solution; IWS infected wheat seeds).
DISCUSSION
The results we obtained show that MP method for
inoculation has significantly reliable effect on sunflower
genotypes. Interestingly, at last date of measurements, the
susceptible plants demonstrated stem wilt which was not
observed on other used methods. Additionally, hybrid
variety Master as a resistant resource can be used for
sunflower breeding programs.
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REACTION OF SUNFLOWER GENOTYPES TO ARTIFICIAL INOCULATIONS
UNDER CONTROLLED CONDITIONS
A

R. EbrahimiA, S. RahmanpourB, Y. GoostaC, S. RezaeeA, M. Soltani NajafabadiB
Department of Plant Pathology, College of Agriculture and Natural Resources, Science and Research Branch, Islamic Azad University,
Tehran, Iran. Email: ebrahimirouya@gmail.com
B
Seed and Plant Improvement Institute (S.P.I.I.), Mahdasht Road, Karaj, Iran.
C
Department of Plant Protection, College of Agriculture, Urmia University, Urmia, Iran.

ABSTRACT. Sunflower crown rot and related wilt caused by Sclerotinia sclerotiorum (Lib.) de Bary is a damage affecting
important disease of the crop (Helianthus annuus L.) in Iran. The necessity of developing cultivars with adequate genetic
resistance for reduction of yield losses is undeniable. Greenhouse assays are considered as reliable methods to check the
results of other evaluation techniques such as field evaluations. To evaluate sunflower varieties, three stem inoculation
methods including: 1- mycelial plug, 2- oxalic acid solution and 3 - wheat seeds infested with Sclerotinia mycelium were
employed. Four genotypes including Ghalami, Confeta, Allstar, and Master were tested in this study. The lesion length and
viability were measured after three, seven, ten, and fourteen days post inoculation. The results demonstrated effectiveness of
contaminated wheat seeds used as inoculation method after three days incubation. The evaluated sunflower genotypes
showed significant differences reacting to the disease and interestingly, there was no significant difference between wounded
and non-wounded treatments. In the current study, the reaction of sunflower plants and their viability against the pathogen are
discussed.

MATERIALS AND METHODS
The sclerotinia isolate used in this study was collected from
naturally infected sunflowers in West Azerbayjan province,
Iran. Stems of plants grown under greenhouse conditions
(25±2◦c seasonal day light) were treated at the V6 to V8
growth stages of the host. The experiment consisted of three
stem inoculation techniques including 1- mycelium plug
(MP), 2- oxalic acid solution (OAS) and 3- infested wheat
seeds with Sclerotinia mycelium (IWS) (2). Lesion length
after incubation times was measured and viability of the
varieties was calculated for both wounded and nonwounded treatments.
RESULTS
Symptoms of infection occurred on all treated plants
inoculated by all used methods. White growth as mycelium
of the fungus was observed on wilting stems that inoculated
with MP and IWS methods. In greenhouse conditions except
the master cultivar, most plants of the rest varieties wilted
and died because of infection. There were significant
differences between inoculation methods. Statistical analysis
showed that IWS method is more effective than the others
(Table 1).
1.
Table 1. Effect of inoculation methods on lesion length
caused by S. sclerotiorum.
2.
Inoculation method
Lesion length (mm)
MP
9.708 B
OAS
8.458 B
IWS
15.694 A
Control
0C
Values with non-shared letters are significantly different.
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Wounding had no effect on infection progress. Master
variety did not show any symptoms demonstrating infection
to the disease and resulted in 100% viability even after 14
days post-inoculation (Figure 1).
ghalami

confeta

alastar

master

100
viability (%)

INTRODUCTION
The cultivation of sunflower is affected seriously by S.
sclerotiorum (Lib.) de Bary, the causal agent of stem wilt,
in Iran. The chemical control is restricted because of its
difficulty, cost, and harm for our environment. Thus,
developing of cultivars conferring genetic resistance is
highly recommended. Although greenhouse evaluations
have priority, but the effectiveness of inoculation method
also has its own importance. Various inoculation techniques
have been used to evaluate different crops against S.
sclerotiorum (1). The objective of this study was to evaluate
sunflowers employing an effective inoculation method.

80
60
40
20
0
3 days

7 days 10 days 14 days
days past inoculation
Figure 1. Viability of sunflower cultivars inoculated with
IWS (infested wheat seeds) method against S. sclerotiorum.
Master variety resulted in 100% viability even after 14 days
post-inoculation.
DISCUSSION
We had observed significant differences between wounded
and non-wounded treatments in field evaluations of
sunflower. The absence of such results in greenhouse
experiments seems to be due to mechanical disability of
inoculated tissues. The effectiveness of IWS in comparison
to others shows that it can be used in greenhouse evaluations
with more confidence. Resistance of Master with 100%
viability reveals its genetic ability against the disease.
REFERENCES
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EVALUATION OF RELATIVE RESISTANCE IN SOME SELECTED GENOTYPES
MAHLAB (PRUNUS MAHALEB L) DWARFE OF PHYTOPHTHORA SPECIES
A

A. FalahinejadA, M. Hajian shahriB , S. RezaeeA, M. Karimi shahriB H.Tajabadic
Department of Plant Pathology, College of Agriculture and Natural Resources, Science and Research Branch, Islamic Azad University,
Tehran, Iran; a.fallah@iaus.ac.ir
B

Resource Research Center Agriculture and Natural Plant Protecion, Khorasan Razavi Department of Mashhad, Iran.
c
Center of Agriculture,Davarzan, Iran

ABSTRACT. The disease Phytophthora crown and root rot consist of the most important problems in cherry cultivation. In
this study, the relative resistance of 5 selected genotypes Mahlab (Prunus mahaleb L) dwarf including 24, 100, 155, 136 and
268 to Phytophthora citrophthora (smith et smith Leonian) and Phytophthora citricola (Sawada) were evaluated by using
excised twig assay, excised shoot method and soil inoculation method with perlit infested with Phytophthora mycelium. The
Mahlab genotypes showed differential susceptibility to Phytophthora citrophthora. 155 genotype was the least susceptible
and 268 and 24 genotypes were the most susceptible, which suggests that the latter genotypes are unsuitable for orchards in
which the conditions are favourable for Phytophthora diseases. 100 and 136 were moderately susceptible. The plants that
were inoculated with P. citricola in the glasshouse and in vitro showed that 155 was the most resistant, 24 and 268 were the
most susceptible, 136 and 100 were moderately resistant. The present results demonstrate 155 genotype was resistant to
Phytophthora citrophthora and Phytophthora citricola and P. citricola less virulent than P. citrophthora.
indicated that the genotypes 268 and 24 were the most
susceptible ones and the genotype 155, expressing the
least amount of damage, was the most resistant (Figure 1)

INTRODUCTION
Phytophthora root and crown rot is a serious soil!borne
Disease. a number of Phytophthora species (P. citricola,
P. nicotianae, P. cryptogea, P. citrophthora,P. alni, P.
megasperma and P. cinnamomi) have also been
associated with the symptoms of crown rot of cherry trees
in different parts of the world (1). Mahlab, Prunus
mahaleb L., is an important seedstock for cherry and sour
cherry. But this stock is often vulnerable to root rot
caused by phytophtora.(1). The chemical control is
difficult, expensive, and harmful for environment. Using
of resistant trees is the most important available method
of controlling because the growers need not expend funds
for extraneous control measures such as fungicides. (1).
So, this study has been conducted in order to evaluate the
susceptibility of five dwarf genotypes of mahlab to the
species P. citricola and P. citrophthora in laboratorial
and greenhouse conditions.
MATERIALS AND METHODS
The species Ph. citricola and Ph. citrophthora used in
this study were obtained from the fungi collection of
Shiraz University and were used in all of the experiments.
The selected genotypes mahlab dwarfe including 136,
268, 100, 24 and 155 were used in this assay. Evaluating
the relative resistance of young cut twigs and one-yearold woody twigs experiments were based on method
described by Jeffers et al. (1981). A second laboratory
experiment was conducted using an excised shoot method
described by Matheron and Matejka (1988). The length
of resulting necrosis was measured 30 days later. A
glasshouse experiment was conducted using soil
inoculation method. After 60 days, seedlings were
extracted from the soil charily and the percentage of
colonization of each tissue in each genotype was
determined and the severity of the disease was evaluated
according to the method described by Broadbent and
Gollnow (1992).
RESULTS
Statistical analysis showed that the there was significant
difference between the two ages of the twigs (young and
one-year-old) in terms of the severity of symptoms
expression (α=1%). One-year-old twigs expressed more
severe symptoms compared whit young twigs. Results

7th Australasian Soilborne Diseases Symposium

length of necrosis (cm)
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24
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Figure 1. Comparing the means the effect of genotype by
evaluating the reaction of cut perennial twigs of mahlab
genotypes against P. citrophthora and P.citricola in the
laboratory.
DISCUSSION
Results of the present study show that the Iran's native
dwarf genotypes are valuable unknown resources suitable
for using against Phytophtora rots. On the other hand, P.
citrophthora was the more aggressive species in terms of
colonization (3).
1.

2.
3.
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GETTING MORE FOR LESS: EXPLORING THE MAIN SOURCES OF
VARIATION IN MEASURING CROWN ROT
S.E.H. Fletcher, C.D. Percy and A.M. Kelly
Department of Agriculture, Fisheries and Forestry, Toowoomba, Queensland. Susan.Fletcher@daff.qld.gov.au

ABSTRACT. Adult plant phenotyping of crown rot symptoms has in recent years been under scrutiny. There is concern
regarding the large amount of variation that may be expressed in a single genotype. We show the results from three separate
methodologies that use different sampling strategies. Results indicate the main source of variation is between plants or
between tillers, depending on the sampling method. To increase accuracy and robustness of crown rot phenotyping,
investigation into stratified sampling is currently being undertaken.
INTRODUCTION
Crown rot (caused by Fusarium pseudograminearum) is a
major disease of winter cereal crops, particularly in northeastern parts of Australia. The extent of crown rot infection
is driven by the environment, where favourable conditions
early in the season promote infection, with stress induced by
a dry finish.
Symptom expression is typically measured as basal
stem browning on fully mature plants grown in fields. This
measure has been shown to vary significantly between tillers
of a single plant, increasing error variance when tillers are
sampled randomly (2). This study explores the source of
variation in crown rot phenotyping and offers some simple
improvements to crown rot screening methodology. The
dominant source of variation occurs between tillers within a
plant and also between plants, rather than between the tested
genotypes.
MATERIALS AND METHODS
Three field trials in northern Australia were grown to assess
crown rot resistance of 28 varieties (Table 1).
Methods for assessing crown rot in adult plants assign a
rating for the extent of browning along the internode
according to an underlying scale of 0-4 (Wellcamp,
Narrabri), 0-3 (Tamworth). Disease recordings were taken
on inoculated plots for all trials and this recording is
analysed for this subset of plots in each trial.
All methods used a different design and sampling
strategy across plants and across tillers within plants. One
major differentiation between methods is that tillers are
bulked across 20 plants per plot in the Wellcamp trial. For
the Tamworth trial an average rating across tillers were
given to each plant.
Statistical analysis. A linear mixed model was fitted to the
disease severity data from each trial with terms for
1.
genotype, replicate and plot, and additional terms for
sampling of plants and tillers within plants as appropriate.
Variance components were estimated using residual
maximum likelihood (REML) (2).
2.
Table 1. Trial parameters and sampling strategy for the
crown rot trials
Number of
Tamworth Wellcamp
Narrabri
Replicates
3
3
2
Genotypes
28
26
26
Plants assessed
25
5
Tillers

40

Table 2. Percentage of variation accounted for by the
sampling hierarchy of three methods of crown rot
assessment in field trials.
Percentage of variance
Source
Tamworth
Wellcamp
Narrabri
Genotype
22
13
3
Replicate
0
2
4
Plot
2
5
21
Plant
77
1
Tiller
80
68
DISCUSSION
Reducing the non-genetic variation will improve the
genotypic discrimination, for example, scores may be taken
on only the primary tiller. To measure the variation, scores
could be made on all tillers, but the type of tiller should be
recorded and accounted for in the analysis. It appears
crucial to consider a modification to sampling of tillers to
improve the precision of phenotyping. To increase accuracy
and robustness of crown rot phenotyping, investigation into
stratified sampling is currently being undertaken at DAFF.
ACKNOWLEDGEMENTS
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RESULTS
These three phenotyping methods provided data on the
sampling hierarchy for crown rot assessment across plots,
plants and tillers. The percentage of variance evident in
each source of the sampling hierarchy is given in Table 2,
and it is obvious that the variation at the lower level
dominates variation between genotypes.
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MANAGEMENT OPTIONS FOR FUNGAL ROOT ROT IN INDONESIAN
PLANTATION ACACIAS AND EUCALYPTS
C. MohammedA, M. GlenA, C. BeadleB, L. AgustiniC and D. PageA
Tasmanian Institute of Agriculture. University of Tasmania. Email: caro.mohammed@utas.edu.au
B
CSIRO Ecosystems Science, Hobart CForestry Research and Development Agency (FORDA), Bogor
A

ABSTRACT. 'Ganoderma' was the commonly used generic name for any root-rot disease in hardwood plantations.
Although Ganoderma philippii and Phellinus noxius are the main root rot pathogens found, other fungal species are
consistently associated with root-rot disease in Acacia and Eucalyptus plantations. These root-pathogens differ in their
abundance in plantations, their pathogenicity and biology and could pose different challenges to management. Treatment of
planting holes with a fungal biological control agent (a species Cerrena, new to science, discovered by our research partner
PT Arara Abadi) is associated with substantial reductions in mortality due to root rot and is currently being deployed.
However its application is cumbersome as it can only be applied as wood blocks in the ground. Another potential biocontrol
agent has been identified (Phlebiopsis sp.) which, if it behaves as the well-known northern hemisphere biological control
agent P. gigantea, could be deployed as a spore solution applied as a spray to stumps. Sites at high risk of root-rot need to be
identified and that plantation managers could reduce this risk through management decisions such as reducing rotation
length, not planting at close spacings and the application of biocontrol agents. A simple prototype "site risk assessment tool"
has been developed and is undergoing further development.
INTRODUCTION
Acacia mangium represents a large proportion of the forestplantation industry in Indonesia with about 1.6 Mha of•
plantings to this species. As the growing of A. mangium is•
starting to represent a primary source of income for rural•
communities, any threats to the productivity and•
sustainability of this resource is of concern.
Levels of tree death from root rot disease are relatively•
low (around 5%) in the first rotation. However, the build-up
of inoculum load associated with stump retention and the
accumulation of woody debris over successive rotations is
already associated with much higher by the third rotation.
Eucalyptus pellita is planted on ex-A. mangium sites
because of a perceived lower risk of this eucalypt species to
root-rot disease.
MATERIALS AND METHODS
Permanent plots: Five plots were set-up in Sumatra and
Kalimantan to monitor root-rot disease, isolate and identify
associated pathogens. Root-rot pathogens have been studied
using DNA profiling, cultural morphotyping and pairing
tests between vegetative and single spore isolates.
Surveys: Broad-scale surveys were carried out in Indonesia
(Sumatra and Kalimantan) and Malaysia (Sarawak and
Sabah) to provide an assessment of root rot presence and
incidence across the estates of all different industry partners.
A prototype risk assessment tool was developed from survey
data.
Management options: Trials were established to investigate
the efficacy of stump removal, burning and biological
control.
RESULTS
Permanent plots: Mortality rates for root-rot infected areas
of A. mangium can be in the range of 40-60% between ages
5 and 7 years on certain sites. Eucalyptus pellita is
susceptible to root rot and can suffer disease gaps as large as
those seen in A. mangium. The most frequently encountered
species was Ganoderma philippii but Phellinus noxius,
G. mastoporum, G. steyaertanum and other Phellinus
species new to science were also found. We developed rapid
DNA based diagnostic techniques for the more common root
rot pathogens.
Surveys: A survey over 11 estates (109 compartments) of
A. mangium was representative of other broad scale surveys;
the total rate of mortality across all rotations was high, 25%.
Root-rot represented 8% of these losses.
The risk assessment tool developed indicates that
management choices can affect the level of mortality due to
root rot at the end of rotation (particularly as age is a major
7th Australasian Soilborne Diseases Symposium

factor in the level of mortality). The following factors
interact in making a site high or low risk:
Second rotation sites are more prone than first
Sites older than around 6 years have higher risk
Spacing < 2.5 x 3 m (or 3 x 2.5 m) have a greater risk
Soil types vary in risk and, when ranked, risk increases more
or less linearly for the set of soil types examined.
Compartments with a slope value of 5 have a slightly higher
risk
Management options: Only early harvesting and biological
control show significant potential as cost effective
management strategies. Cerrena is associated with
substantial reductions in mortality due to root rot caused by
G. philippii (75%) and P. noxius (40%) in pot and field trials
and is currently being deployed by PT Arara Abadi.
However its application is cumbersome as it can only be
applied as wood blocks in the ground. Another potential
biocontrol agent (Phlebiopsis) is antagonistic to root rot
pathogens in laboratory tests.
DISCUSSION
Much can be gained from improved silviculture, wind
protection and termite control in acacia plantations. Root-rot
disease only contributes to productivity losses. However this
contribution can be significant; infected areas in acacia
increase as a plantation ages and can be 30-60% between
ages 5 and 7 years on certain sites. With a MAI 35 m3/ha/y
for a site, landowners would harvest 133 m3 with a mortality
rate of 30% at age 6. The yield foregone due to root-rot is 57
m3 with a value of US$ 2280 if the price of pulpwood is
US$ 40/t.
Current trials indicate treatment with Cerrena can
reduce mortality by 40 to 75%. If even 5% of this can be
achieved this will be a substantially greater saving to the
industry and small holder farmers than that represented by
the savings of 4.2M USD$ annually suggested in the
background section. It is hoped that other candidate
biological control agents will be developed, allowing easy
and cost effective production and application (i.e. allowing
the spraying of debris and stumps). If the site-risk rating
system can be validated, the potential exists to reduce the
rate of pathogen spread on high risk sites by the targeted
application of biocontrol agents such as Phlebiopsis as these
become available.
ACKNOWLEDGEMENTS
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OCCURRENCE OF CHARCOAL ROT ON WATERMELON CAUSED BY
MACROPHOMINA PHASEOLINA IN NORTH WESTERN AUSTRALIA
H. Golzar and C. Wang
Department of Agriculture and Food Western Australia; hgolzar@agric.wa.gov.au

ABSTRACT. Charcoal rot was found on watermelon (Citrullus lanatus) in northern Western Australia in November 2011.
Dark -brown discoloration of the root and stem base tissues and bleaching of the foliage were characteristic symptoms on the
diseased plants. The pathogen was isolated from the root and stem base tissues and identified as Macrophomina phaseolina
(Tassi) Goid on the basis of morphology, sequence analysis of the internal transcribed spacer (ITS) and the translation
elongation factor 1-α (TEF). A pathogenicity test was conducted and Koch’s postulates were fulfilled by re-isolation of the
fungus from diseased tissues. The disease caused significant crop losses during the growing season. M. phaseolina is a
soilborne fungus causing losses on a wide range of cultivated and wild plant species.
INTRODUCTION
Macrophomina phaseolina (Tassi) Goid is one the
destructive plant pathogens in the tropical and subtropical
regions. The fungus has a wide host range and can infect the
root and lower stem of over 500 plant species including
cucurbit family (2). The pathogen has been reported in
Australia and is widely distributed in the United States (3).
The fungus is reported to be soil, seed and stubble borne. M.
phaseolina survives in the form of microsclerotia in the soil
for up to three years (1). Environmental factors such as
water stress and high temperatures can predispose crops to
M. phaseolina and play a significant role on survival of
sclerotia and disease incidence on various crops.
MATERIALS AND METHODS
In November 2011, watermelon samples with root and
crown rot and necrosis of the foliage from northern region of
Western Australia were sent to the Department of
Agriculture and Food, Plant Diseases Diagnostic lab at
South Perth. The pathogen was isolated from the root and
stem base tissues by either placed on potato dextrose agar
(PDA) or placed in trays on moist filter paper and incubated
at 22 ± 3°C with a 12-h dark and light cycle for two weeks.
Fungal colonies with similar morphological characteristics
were consistently isolated both from agar plates and
incubated plant specimens. Two representative isolates of
morphologically identified as M. phaseolina were grown on
PDA for two weeks at 25°C. Total genomic DNA was
extracted from fungal mycelium with a DNeasy Plant Mini
Kit (Qiagen, Melbourne, Vic., Australia) according to the
manufacturer’s instructions. Amplification of the internal
transcribed spacer (ITS)1 and ITS2 regions flanking the
5.8S rRNA gene were carried out with universal primers
ITS1 and ITS4 according to the published protocol (White et
al. 1990). The polymerase chain reaction (PCR) product was
purified with Qiagen PCR purification kit (Qiagen,
Melbourne, Vic Australia) and sequenced on an ABI 3730
DNA Sequencer (Applied Biosystems, Melbourne, Vic.,
Australia) at Murdoch University, Perth, WA, Australia.
A Pathogenicity test was performed on one-month old
seedlings of watermelon (Citrullus lanatus ) by using soil
that was mixed with sclerotia of the representative isolates
of M. phaseolina. Non-infested soil was used for those
seedlings that were planted as control. Disease symptoms
were examined four weeks post-inoculation.
1.

were identical to the sequences from the same region of M.
phaseolina (Genbaknk Accession No. GU046890) in the
NCBI database (www.ncbi.nlm.nih.gov/) as published by
Manici et al. (2009). In a pathogenicity test, root rot, crown
lesion, wilt and root colonization with sclerotia were
observed 4 weeks post-inoculation. Control plants remained
asymptomatic. Koch’s postulates were fulfilled by reisolation of M. phaseolina. A culture of M. phaseolina, the
morphological identity of which was confirmed via ITS
sequencing, was deposited in the Western Australia Plant
Pathogen Collection (WAC13493).

Figure 1. Macrophomina phaseolina. Charcoal rot symptom
on watermelon vines in northern Western Australia.
DISCUSSION
M. phaseolina causes charcoal rot on wide range of plant
species in Australia and worldwide. Drought and high
temperature stress seem to be the main environmental
factors that have been associated with charcoal rot on
watermelon in northern Western Australia. Cultural
management methods must be implemented to minimise
damage since there are no resistant cultivars or fungicides
available for effective disease control.
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DISTRIBUTION OF RHIZOCTONIA SOLANI AG8 IN THE SURFACE SOIL IS
INFLUENCED BY CULTIVATION
A

V.V.S.R. GuptaA, A.C. McKayB, J.M.A. DesbiollesD, R.S. DaveyB, R. CorrellD, K. Ophel-KellerB and D.K. RogetE
CSIRO Ecosystem Sciences, Glen Osmond SA5064, Australia; B SARDI, Urrbrae, SA; C University of South Australia, Mawson Lakes SA;
D
Rho-environmetrics; E ex-CSIRO

ABSTRACT. Rhizoctonia solani AG-8 causes seedling diseases in a wide range of cereal, legume and oilseed crop plants.
The fungus is known to grow on decomposing particulate organic matter and produces hyphal networks in the surface soil.
We measured the distribution of the pathogen DNA in surface soil at the time of sowing and monitored its changes within the
crop as influenced by the method of cultivation. R. solani DNA levels were generally highest in the surface layers of soil, for
example in a Calcarosol >60% of DNA was located in the surface 2.5cm layer of soil. Furrow disturbance at sowing caused
minor changes to the pathogen DNA levels in the profile within the first 8 wks of crop growth. Inoculum DNA concentration
was higher within the crop row compared to in the inter-row. An improved understanding of the factors influencing pathogen
DNA will assist to develop improved management options for Rhizoctonia disease control.

MATERIALS AND METHODS
Soil was collected at 4 depths to 10cm below the surface at
sowing and within the first 8 wks after sowing of wheat,
from continuous cereal cropping systems in field
experiments at Waikerie (Alfisol) & Geranium (Calcarosol)
in SA. Samples were collected from within the row and
inter-row and analysed for R. solani AG8 DNA (PredictaB®,
SARDI), microbial activity, POM and mineral N levels.
RESULTS AND DISCUSSION
Results from both the field experiments indicated that R.
solani AG8 DNA levels were highest in the surface 5 cm of
soil and declined with depth (Figures 1 & 2). In the
Calcarosol at Geranium, 90% of the inoculum in the surface
10cm was present in the top 5cm of soil.
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Figure 2. Distribution of R. solani AG8 in the surface soil
and the effect of type of soil opener on inoculum levels in
row at 5 weeks after sowing in a field experiment at
Geranium, SA. Depth of disturbance is given in parenthesis.
The finding that the highest concentration of Rhizoctonia
inoculum is in the surface soil layers is likely to benefit the
design of no-till and sowing equipment, optimum seed
placement and improved methods of fungicide application
that can minimize disease impacts.
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Disturbance at sowing can cause some redistribution of
inoculum and soil movement caused by narrow point
openers can concentrate significant surface soil away from
the seed row and onto the inter-row area (3). However, the
trend of higher concentration in the surface layers remained
the same during the first 8 wks of seedling growth. The
concentration of inoculum in the surface layers could be due
to a number of factors including: (i) higher amounts of semidecomposing organic material, (ii) drier soil environment
hence less competition from other microorganisms and (iii)
favourable CO2:O2 ratio. Inoculum levels were generally
higher in the crop row compared to that in the inter-row
space (Figure 1) mainly due to the contribution of infected
host plant roots. Differences in the row-inter row
distribution of inoculum in the no-till and cultivated systems
could also be attributed to variation in root growth.

soil depth

INTRODUCTION
Rhizoctonia solani Kühn AG-8 is the major casual agent for
the Rhizoctonia ‘bare patch’ disease of crop and pasture
plants. It produces hyphal networks connecting sources of
organic matter and host plant roots (1). Unlike other
necrotrophic pathogens it depends on the hyphal network for
disease establishment. Soil disturbance can have a major
effect on rhizoctonia disease incidence with its effect
depending upon the intensity of tillage (2). Conventional
cultivation or localised cultivation below the seeding zone
under a no-till system can cause the severance of hyphae
from the particulate organic matter (POM; inoculum source)
delaying the hyphae reaching the growing crop roots.
Continued adoption of stubble retention and reduced till
systems have promoted the concentration of POM in the
surface few centimetres of soil which can impact on
inoculum growth and disease development. We investigated
the growth of R. solani AG8 inoculum in the surface soil
layers as influenced by different tillage systems during the
early phases of crop growth.

Row
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PYTHIUM INCREASES STUNTING IN CANKER AFFECTED CAULIFLOWER
B.H. Hall and L. Deland
South Australian Research & Development Institute, Adelaide, SA; Barbara.hall@sa.gov.au

ABSTRACT. Stem canker of Brassica is a disease complex of several fungi causing symptoms that range from superficial
scurfing, russetting and discrete lesions on stems to complete stem rot, girdling and plant collapse. The primary pathogens
involved are Leptosphaeria maculans and Rhizoctonia solani AG 2.1, 2.2 and 4. Pythium irregulare and P. ultimum were
also recovered from infected plants but initial investigations showed they did not cause canker. Cauliflower seedlings grown
in inoculated soil showed that both Pythium species reduced canker severity caused by Rhizoctonia or Leptosphaeria.
However they also significantly reduced plant growth and head weight.
medium or large and the disease severity rated as previously
described.

INTRODUCTION

Pythium spp. are common soilborne organisms that cause
root rotting and seedling damping off in many plants,
including brassica (1). Previous work on stem canker of
brassica showed P. ultimum and P. irregulare were isolated
from affected plants, along with the primary pathogens
Rhizoctonia sp. and Leptosphaeria maculans (2). However
neither of the Pythium species produced canker symptoms
and their role in the disease had not been elucidated.
This report outlines the results of growthroom experiments
investigating the effect on growth of cauliflower seedlings
planted into soil inoculated with Leptosphaeria and/or
Rhizoctonia with and without Pythium.

RESULTS

Experiment 1: Plants grown in soil infected with
Rhizoctonia and P. irregulare had significantly lower canker
severity, head weight and fresh weight than plants grown in
Rhizoctonia infected soil without Pythium (Table 1).

MATERIALS AND METHODS

Experiment 1: 200g of sterile pre moistened millet was
inoculated with P. irregulare, incubated for 7-10 days then
mixed with 25Kg sterile cocopeat and placed into 200mm
diameter pots. 20 replicate six week old cauliflower cv.
Chaser were planted into either the Pythium cocopeat or uninoculated cocopeat and inoculated with Rhizoctonia AG2.1
by placing two 7mm plugs of infected agar next to the stem
of each plant and covering with cocopeat. At 13 weeks after
planting the disease severity was rated as 0, 25 (<25% of
stem with canker), 50 (>25% of stem with canker), 75 (plant
wilting) or 100 (plant death). Plants were harvested at 15
weeks and heads weighed.
Experiment 2: 12 Kg of sterile cocopeat was mixed with
100ml of mycelia slurry of R. solani AG2.1 and AG4 and
incubated for 7 days. 50g of millet inoculated with P.
ultimum was mixed with 6Kg of the Rhizoctonia inoculated
soil. 20 replicate MK6 pots (~6 cm square) were filled with
either the Rhizoctonia inoculated soil, the mixed inoculum
soil, or sterile cocopeat mixed with sterile millet used as a
control.
Three week old cauliflower seedlings cv. Discovery were
washed clean of soil and dipped in a suspension of ~106 L.
maculans spores/ml for 2 mins before planting into the
inoculated soil. Washed seedlings dipped in sterile water
were planted into the control soil. The length of the first fully
expanded leaf from leaf apex to leaf base was measured ten1.
days after planting. The number of dead plants was counted
at 10 days and 3 weeks after planting. At 8 weeks after2.
planting the comparative size of plants was rated as small,

Table 1. Plant growth and canker severity of cauliflower cv.
Chaser grown in soil inoculated with Rhizoctonia solani
AG2.1 with and without Pythium irregulare.
Canker severity
Head
Fresh
(13 weeks)
weight (g)
weight (g)
39%
189
450
-Pythium
25%
92
399
+ Pythium
P<0.05
P=0.005
P=0.08
Experiment 2. More plants grown in soil without Pythium
died at 10 days and 4 weeks after planting (Table 2). The
plants in the un-inoculated soil were significantly larger than
plants in either inoculated soil, with no plant death. The
addition of Pythium significantly decreased both the size of
the leaves and of the plants (Table 2). Plants grown in the
inoculated soil developed canker, with no canker developing
in the un-inoculated control. However the presence of
Pythium significantly reduced canker severity.
DISCUSSION

These results show that both species of Pythium inhibited
growth of cauliflower seedlings and in the presence of other
pathogens decreased the severity of stem canker. R. solani
and Pythium both cause seedling damping off (1), and this
work showed cauliflower were more sensitive to the
Rhizoctonia than Pythium. However while Pythium caused
less seedling death, there was a significant growth reduction
of the cauliflower, indicating that management of this
pathogen is necessary to improve productivity.
REFERENCES

Summer DR (1974). Ecology and control of seedling
diseases of crucifers. Phytopathology 64:692-8..
Hitch C.J. et al (2006). Identifying the cause of brassica
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4th Australasian Soilborne Diseases
Symposium, NZ, 2006.

Table 2. Plant survival, size and canker severity of cauliflower cv. Discovery inoculated with Leptosphaeria maculans and
planted into Rhizoctonia AG2.1 and AG4 infected soil with and without Pythium ultimum.
% Plant death after planting
Plant size at 8 weeks
Canker severity at 8
Soil
Mean 1st
leaf length
weeks
inoculum
10 days
3 weeks
%stunted
%large
(mm)
No pathogens
62
0
0
0
100
0
No Pythium
58
20
50
40
5
93
Plus Pythium
38
0
20
100
0
78
LSD
(P=0.05)

2.9

-
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FISHING FOR PHYTOPHTHORA FROM WESTERN AUSTRALIA’S
WATERWAYS: A DISTRUTION AND DIVERSITY SURVEY
D. Hüberli A,B, G.E.St.J. HardyB, D. WhiteB, N. WilliamsB and T.I. BurgessB
Department of Agriculture and Food Western Australia, South Perth, WA. Email: daniel.huberli@agric.wa.gov.au
B
Centre for Phytophthora Science and Management, School of Biological Sciences and Biotechnology, Murdoch University Murdoch, WA.
A

ABSTRACT. During one spring season, 12 Phytophthora spp., two Phytophthora hybrids, three Halophytophthora spp. and
three Phytopythium spp., were isolated from 48 waterways across Western Australia (WA). The waterways were sampled
using mesh bags containing leaf baits of up to six different plant species and were isolated by plating these onto
Phytophthora-selective agar media. Phytophthora spp. were isolated from all except one waterway. Of the Phytophthora spp.
isolated, eight are known while the remaining are undescribed taxa. Six of the Phytophthora spp. and the two hybrids are
from clade 6. The two hybrids and P. inundata were the predominant species recovered. Recoveries from different plant leaf
baits varied with the best two baits being Pittosporum tenunisa and Banksia attentuata; from these two combined all
Phytophthora spp. were isolated. There was a marked difference in the Phytophthora diversity in the waterways from
different regions. Most species recovered have known associations with dying native and/or horticultural important plant
taxa. This is the first comprehensive study from Australia to examine the Phytophthora communities in waterways in WA,
and advances our understanding of the role of these oomycetes in natural and man-made ecosystems.
INTRODUCTION
Worldwide the genus Phytophthora comprises a large
number of plant pathogens that have had devastating
economic or ecological consequences in agricultural and
natural ecosystems. Being straminipiles, these species
require water to maintain a major part of their asexual
lifecycle and aid their dispersal. The outbreak of two very
recent exotic Phytophthora spp., P. alni and P. ramorum, in
Europe and in north western USA has elevated the
importance of detection of these and other spp. from plant,
soil and water samples. Water surveys have been
popularised across the world, particularly in regions where
early detection of an infested area is important to the success
of containment and eradication efforts.
Since the P. ramorum outbreaks in the northern
hemisphere, Australasian waterway surveys have focused
towards a “perceived” disease risk from new invasive
Phytophthoras including categorising and understanding the
species present in these important ecosystems, and
development of a tool to monitor waterways effectively for
potential new invasive species (1). Nine different
Phytophthora spp. have been isolated from four Victorian
streams and their recovery and differed between the summer
and winter sampling times (1). Here we describe the
diversity and distribution of Phytophthora and some related
oomycetes from waterways across WA during one spring
season.
MATERIALS AND METHODS
Isolation WA waterways (n=48) were sampled, using plant
baits in mesh bags, 1-4 times at one or more locations during
spring 2008. Sites included Kununurra to Esperance and
several locations in Perth area. Bait bags were sent to
volunteers and contained leaves of Banksia attenuata,
Pittosporum tenunisa, Hakea sp. and Quercus rubor, and
germinated lupin seedlings. Baiting occurred for approx. 7 d
and bags were returned to the lab where necrotic tissue was
plated onto NARPH selective agar. Colonies were counted
up to 2 wk at 20 °C and representatives were isolated into
pure culture for molecular identification.
Identification For each isolate the region spanning the
internal transcribed spacer (ITS1-5.8S-ITS2) region of the
ribosomal DNA was amplified using the primers ITS-6 and
ITS-4. For some isolates the mitochondrial gene coxI was
amplified. Identification was initially based on blast
1.
searches in GenBank, but in all cases, sequence data from
closely related species were obtained from GenBank or from
our own previous studies and alignments were constructed
in Geneious and exported as nexus files.
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RESULTS AND DISCUSSION
Identification and diversity In one season, 360 isolates
were obtained from the 48 waterways. Isolates from each
site were sorted based on colony morphology and 255 were
selected for molecular identification. A total of 12
Phytophthora spp. and two hybrids were identified. The
hybrids fell into two groups; hybrid A had a coxI allele of P.
thermophila, and the remaining, hybrid B, had a coxI allele
corresponding to P. amnicola or they fell into the strongly
supported cluster of species with P. litoralis and P. fluvialis.
Phytophthora spp. were isolated from all but one of the
surveyed
waterways
Halophytophthora
spp.
and
Phytopythium spp. were isolated from 20 and 15 waterways,
respectively.
The most frequently isolated Phytophthora spp. in the
southern waterways was P. inundata. Hybrid B was also
common in this region.
In Perth, P. thermaphila and both hybrid A and B were
commonly recovered from waterways. P. amnicola and P.
aff. hydropathica were each isolated twice and from only
Perth. P. cryptogea, P. multivora and P. litoralis were
infrequently isolated from Perth and the southwest of WA
only.
The most frequently recovered species from the
northern waterways was P. fluvialis. From the most northern
location, three unique species were isolated from an
irrigation channel (ORIA, Kununurra) that were not
recovered elsewhere in WA. These were P. cinnamomi var.
parvispora, P. aff. insolata and P. aff. Kununurra.
All Phytophthora spp. isolated, with the exception of P.
fluvialis, have been found associated with dying native and
horticultural plants. Surprisingly, no P. cinnamomi was
isolated from any waterway, despite waterways occurring in
known infested areas.
Comparison of plant baits In combination, all
Phytophthora spp. were recovered from B. attenuata and P.
tenunsua leaves. Lupin seedlings and oak leaves were often
decomposed and were not suitable for isolations.
ACKNOWLEDGEMENTS
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EVALUATION OF FUNGICIDES FOR MANAGING SCLEROTINIA STEM ROT IN
CANOLA IN WESTERN AUSTRALIA
A

R. Khangura A and W.J. MacLeod B
Department of Agriculture and Food, Western Australia Email: ravjit.khangura@agric.wa.gov.au
B
Department of Agriculture and Food, Western Australia

ABSTRACT. Sclerotinia stem rot caused by Sclerotinia sclerotiorum has emerged as a serious problem in canola production
particularly in the northern Agricultural region of Western Australia over the past few years. Field trials were conducted to
determine the efficacy of foliar fungicides at East Chapman. Trials were sown in a paddock which had severe Sclerotinia
disease in 2009. Six fungicides including the registered and non-registered products were evaluated for the management of
Sclerotinia. The fungicides were applied at the recommended rates. All fungicide treatments significantly reduced the
Sclerotinia stem rot incidence and improved yield. Trial results indicate that fungicides can be effectively used in managing
Sclerotinia stem rot and minimising yield losses. Currently, only iprodione and procymidone products are registered for the
management of Sclerotinia of canola in WA, an unregistered product was equally or more effective in reducing the disease
incidence and improving seed yield.
INTRODUCTION
Sclerotinia stem rot (SSR) caused by Sclerotinia
sclerotiorum is an important pathogen of broad-leaved crops
including canola (1). Over the past few years Sclerotinia
stem rot has emerged as a serious problem in canola
production particularly in the northern Agricultural region of
Western Australia. In the worst affected crops it caused
losses ranging up to 40%. Current canola cultivars have no
genetic resistance to SSR, therefore, fungicide protection is
necessary for the management of this disease.
MATERIALS AND METHODS
Field trials were conducted to determine the efficacy of
foliar fungicides at East Chapman. Variety Cobbler was
sown in a paddock which had severe Sclerotinia disease in
2009. Six fungicides were applied at rates as shown in Table
1. Each fungicide was applied twice, the first spray was
applied at 10% flowering and the second spray was applied
at 40% flowering (two weeks after the first spray). Trial
design was a randomised block with four replications.
Sclerotinia assessments were made on 50 plants from each
plot using a 0-6 rating scale (0 = no disease and 6 = plant
dead) and percent disease index was calculated. All plots
were harvested for yield.
An opportunistic trial was also conducted at East Chapman
in a paddock that had a high risk of Sclerotinia. The paddock
was sown to variety Snapper and the fungicide treatments
were Rovral® at 2L/ha and Prosaro® at 575ml/ha applied as
a single spray at 10-15% flowering. Trial design was a
randomised block design with six replications. Incidence of
Sclerotinia was assessed for all treatment plots two weeks
before harvest. All plots were harvested for yield.

Table 1. Sclerotinia stem rot incidence, severity (Percent
disease index; PDI) and yield of variety Cobbler following
fungicide treatment at East Chapman in 2011.
Treatment
Incidence
Yield
(%)
PDI
(kg/ha)
Amistar extra 2L/ha
37
15.6
2542
Filan 1L/ha
30
11.9
2619
Fortress 1L/ha
35
11.4
2570
Prosaro 375ml/ha
41
13.9
2781
Prosaro 575ml/ha
29
12.9
2854
Rovral 2L/ha
32
10.6
2572
Nil
64
24.1
2217
LSD (p = 0.05)
18
9
266

Fig. 1. Sclerotinia incidence and yield of canola variety
Snapper with fungicide treatments at East Chapman in 2011.
LSD (p = 0.05) is 14 for disease incidence and 361 for yield.

RESULTS
All fungicide treatments significantly reduced the SSR
incidence and improved yield. Likewise, all fungicides
reduced the disease severity of Sclerotinia except for
Amistar® extra. Yield was highest (2854 Kg/ha) with the
high rate of Prosaro (Table 1). The increase in seed yield
ranged between 14 and 29% above the untreated control.

DISCUSSION
Trial results indicate that fungicides can be effectively used
in managing SSR and minimising yield losses. However, the
economic benefit will depend upon yield potential, disease
and weather forecasting systems and the canola prices.
Currently, only iprodione and procymidone products are
registered for the management of Sclerotinia in WA, the
unregistered product Prosaro was equally or more effective
in reducing the disease incidence and improving seed yield.

Similarly, in the opportunistic trial, Prosaro® significantly
reduced the disease incidence and improved seed yield
compared with the Nil and Rovral® treatments (Fig. 1).
There was a significant (p = 0.05) negative linear
relationship between percent disease index (PDI) and seed
yield (Y = -0.212x + 111.27, R2 = 25%, df = 17).
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YIELD RESPONSE FOLLOWING APPLICATION OF [DIFENOCONAZOLE +
SEDAXANE + METALAXYL-M] TO WHEAT SEED IN COMPARISON WITH
UNTREATED SEED TREATMENT IN A RHIZOCTONIA AFFECTED PADDOCK
.A

T. KleinA, L. MayA, R. BattagliaA, and P. HolmesA
Syngenta Australasia, 2-4 Lyonpark Rd, Macquarie Park, NSW. trevor.klein@syngenta.com:

ABSTRACT. A trial was established in 2009 in a paddock with a history of high levels of Rhizoctonia bare patch. Paired
plots of untreated seed verses seed treated with difenoconazole + metalaxyl-M and a mix of both actives with sedaxane, a
new fungicidal seed treatment, were sown. The combined analyses of seed treatments in comparison with untreated seed
demonstrated a significant (P<0.001) reduction in Rhizoctonia bare patch and a significant (P<0.001) yield advantage of 6.4
percent in comparison with untreated.

MATERIALS AND METHODS
A field with a history of rhizoctonia bare patch trial was
identified and a trial established at Galong, NSW in 2009.
Seed treatments with difenoconazole + metalaxyl-M
(Dividend) and with the above + sedaxane (Vibrance) were
sown in small plot trials to evaluate the management of
rhizoctonia bare patch (Rhizoctonia solani) in barley (cv.
Flagship).
Seed treatments included Dividend (92 g/L
difenoconazole + 23 g/L metalaxyl-M) applied at 130 or 260
mL/100kg and various Dividend plus sedaxane mixtures
(Vibrance; 13.8 g/L sedaxane + 66.4 g/L difenoconazole +
16.5 g/L metalaxyl-M) Paired plots were sown with an
untreated seed plot adjacent to each treated plot.
Each treatment was replicated ten times. The severity
of rhizoctonia bare patch was assessed 69days after sowing
on a zero to three scale (where three= severe rhizoctonia) in
each plot. Plots were harvested and yield recorded.
Data was analysed firstly as a randomised complete
block for individual fungicide treatments and, secondly, data
was combined to compare fungicide treated plots with
untreated plots.
RESULTS
There was a trend in all treatments to reduced rhizoctonia
bare patch and improved yield in comparison with untreated,
but there were no significant (P<0.05) differences between
treatments (1). In general, untreated plots yielded lower than
paired plots treated with Dividend or Vibrance (Figure 1).
When data was combined and analysed, seed treatment was
associated with a 6.4 percent (201kg/ha) yield advantage
(P<0.001) and a reduction (P<0.001) in levels of
Rhizoctonia bare patch, from 2.13 to 1.77 (on a scale of one
to three, Table 1) in comparison with untreated.
Furthermore, there was an inverse association between
levels of rhizoctonia bare patch and final yield (r=-0.549;
R2=0.302; P=0.0001).
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Table 1.
Effect of seed treated with Dividend or
Vibrance on Rhizoctonia bare patch severity and yield, in
comparison with untreated seed.
Treatment
Treated Seed
Untreated Seed

RhizoctoniaA
1.77a*
2.13b

Yield (t/ha)
3.349a
3.148b

A

Plots were assessed 69 days after sowing for level of
severity of Rhizoctonia bare patch on a zero to 3 scale where
zero = no visual damage and 3 = severe damage.
* figures followed by the same letter within columns were
not significantly (P<0.001) different

Yield (T/ha)

INTRODUCTION
Rhizoctonia bare patch costs the Australia cereal industry
some $300m per year and requires an integrated approach to
manage the disease. This approach includes the use of seed
treatment fungicides. However the distribution and severity
of disease within a paddock, and between years, is variable
and it is challenging to undertake trials using the normal
four to six replicates to measure the effects of treatments
designed to reduce the impact of disease.
A seed treatment trial, with ten replicates, was
established in 2009 to assess efficacy against Rhizoctonia
solani. In addition to increased replication, each treated plot
was paired with an untreated plot

6
4
2
0

treated
1untreated
7 13 19 25 31 37 43 49 55 61 67 73 79
Paired Plot number

Figure 1. Association between seed treatment and yield of
barley in comparison with paired untreated plots in a field
with a high incidence of rhizoctonia.
DISCUSSION
The results from this trial illustrate the difficulties of
working on this disease. The variability of rhizoctonia bare
patch across the site resulted in no significant differences
between treatments where ten replicates were used.
Nevertheless where data was combined, differences were
significant.
The combined analysis allows growers to have
confidence that seed treatments are an important component
of an integrated approach to managing rhizoctonia bare
patch.
This trial did not assess levels of Pythium root rot, but the metalaxyl-M component of each treatment would have
also assisted in maintaining relatively healthy plants in
comparison with untreated.
ACKNOWLEDGEMENTS
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COLONISATION PATTERNS OF A MCHERRY-TAGGED PECTOBACTERIUM
CAROTOVORUM SUBSP. BRASILIENSIS STRAIN IN DIFFERENT POTATO CULTIVARS
G.C. Kubheka A, A. Hall B, T.A. CoutinhoA and L.N. Moleleki A
Department of Microbiology & Plant Pathology, Forestry & Agricultural Biotechnology Institute
B
Laboratory for Microscopy and Microanalysis, University of Pretoria, Pretoria, 0002, South Africa
gu.squared@yahoo.com
A

ABSTRACT Pectobacterium carotovorum subsp. brasiliensis (Pcb) is currently an important pathogen in the South African potato
industry and has been shown to be more aggressive than P. atrosepticum. Infection of potato plants by Pectobacterium spp. is possible
through latently infected seed tubers as well as transmission via insects, wind, or water. In this study a mCherry-tagged Pcb strain was
developed to study Pcb colonisation of potato cultivars with different tolerance levels. Stems of two cultivars were inoculated 10 cm
above soil level with mCherry-Pcb and sampled every 3 – 4 dpi to track bacterial migration. We observed Pcb-mCherry to colonise
mainly the xylem tissue of stems. Although movement of mCherry-Pcb was similar in the stems of both cultivars, the amount of bacteria
recovered from the mother tubers was higher in the susceptible than the tolerant cultivar. Thus it would appear that the use of tolerant
potato cultivars may aid in reducing Pcb transmission from infected aerial parts to underground plant parts.

MATERIALS AND METHOD
A mCherry fluorescent protein was transformed into Pcb1692. In
vitro growth rate and maceration ability of the tagged strain was
compared to that of a wild-type strain. The stability of the
mCherry-carrying plasmid under non-selective conditions was
determined with the aid of a fluoroscan. Three potato cultivars
BP1, Bufflespoort and Valor were evaluated for tolerance to Pcb
and two of the cultivars representing the most resistant and
1.
susceptible were selected for further studies on colonisation and
bacterial migration through the plant. Stems of potato plants were
2.
inoculated 10 cm above soil level with 106 CFU/ml of the mCherrytagged Pcb strain. Samples were collected 6 cm above and below
3.
the point of inoculation at 3, 6, 9, 13, 17, 21 dpi. Pcb population
levels in the two cultivars were compared using dilution-plating on
antibiotic and selective media. Confocal laser scanning microscopy
(CLSM) was also used to determine whether cultivar differences
are translated in terms of colonisation patterns at the tissue level.

showed no difference in the amount of bacteria 6 cm below the
point of inoculation. However, the amount of bacteria recovered
from mother tubers was significantly higher for the susceptible than
the tolerant cultivar. The CLSM further localised Pcb colonisation
within the xylem tissue, often leading to occlusion of the vessels
(Fig. 1B). This was similar to studies of Dickeya solani, where this
pathogen was also observed to translocate downwards and
colonise xylem vessels of potato plants however, there was no
comparisons of cultivars (3).

100

Fluorometer…

INTRODUCTION
The newly identified Pectobacterium carotovorum subsp.
brasiliensis (Pcb) is of economic importance in the South African
potato industry and was shown to be more aggressive than P.
atrosepticum in causing tuber and stem soft rot diseases however
reasons for this are unknown (1, 2). The most important route of
infection by Pectobacterium spp. is through latently infected seed
tubers. However, it is also possible that insects, wind or water
may transmit and infect aerial parts of potato plants, possibly
disseminating the bacteria downwards to roots and progeny tubers.
There are various strategies that have been suggested as control
measures against soft rot Pectobacterium infection of potato plants
and one such example is the use of resistant cultivars. In terms of
resistance occurring on stems, there is currently limited
understanding of cultivar tolerance differences with respect to
colonisation patterns, particularly those of the newly identified Pcb.
Understanding differences in colonisation on stems with different
tolerant levels may help mitigate aerial and subsequent tuber
infections. Therefore, the aim of this study was to a) develop Pcb
strains tagged with a mCherry fluorescent protein and b)
compare colonisation patterns of mCherry-tagged Pcb (mCherryPcb) strain in stems of two potato cultivars with different levels of
resistance to Pcb.

A

B

10
1

Figure 1. A) Plasmid stability
of the mCherry-Pcb strain
maintained in LB broth with (black) and without (red) antibiotics
for 25 days. B) Confocal microscopy images illustrating the
mCherry-Pcb strain colonising xylem vessels of potato plants.

1 Time
7 (days)
13 19

Drawing from the results of this study, it would seem that the use
of tolerant potato cultivars may reduce transmission of aerial
infections to progeny seed tubers and thus serve as a control
measure against Pcb infecting potato plants.
REFERENCES
Daurte, V. et al (2004) Journal of Applied
Microbiology 96: 533-545.
Pilar Marquez-Villavicencio, M. et al. (2011) Plant Disease
95(3): 232 – 241.
Czajkowski, R. et al. (2010) Phytopathology 100(11): 1128 –
1137.

RESULTS AND DISCUSSION
Pectobacterium carotovorum subsp. brasiliensis was successfully
transformed with mCherry with a transformation efficiency of 98
%. This mCherry-tagged Pcb strain had very similar growth rate
and maceration ability as the wild-type strain and remained stable
for up to 25 days under non selective conditions (Fig. 1A).
Comparison of Pcb colonisation in two cultivars, BP1 and Valor,
representing tolerant and susceptible cultivars, respectively,
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FREE LIVING NEMATODES AS INDICATORS OF THE BIOLOGICAL STATUS
OF AUSTRALIA’S CEREAL-GROWING SOILS
K.J. LinsellA, A.M. StirlingB, D. HartleyC, A.C. McKayA , G.R. StirlingB, and K.M. Ophel KellerA
A
South Australian Research & Development Inst, SA. katherine.linsell@sa.gov.au:
B
Biological Crop Protection, QLD
C
CSIRO Ecosyst Sci, ACT

ABSTRACT The impact of management practices on the biological status of cereal-growing soils was analysed through
nematode community analysis in selected treatments from nine field trials across Australia (3 SA, 1 VIC, 1 QLD and 4 WA).
In general, soils with pasture rotations had more structured and diverse communities than continuously cropped soils,
indicating that pasture inclusion in farming systems results in a more diverse soil food web with many trophic links,
multitrophic interactions and higher predatory activity. Tilled (CT) soils had higher total free-living nematodes (FLN)
numbers, particularly bacterivores, than reduced (RT) or no-till (NT) soils. The addition of lime to an acid soil (pH 4.7)
increased the proportion of fungivores and omnivores in the nematode community, indicating that the soil biological status
had improved. At many sites, the number and diversity of FLN was relatively low, suggesting that management practices
which deplete soil C (e.g. excessive tillage) were a contributing factor. Since manual nematode community analysis is
laborious and requires specialised taxonomic skills, molecular technologies are being developed to allow routine FLN
identification and quantification in soil. DNA probes have been designed around the 18s rRNA region to specifically identify
common FLN groups, including the predatory Mononchida, omnivorous Dorylaimida and fungivorous Aphelenchoidea.
situations where there were almost no omnivores and
predators and <5 FLN/g soil.
Publically available 18s DNA sequences were used to
design probes specific to the orders Dorylaimida
(omnivores) and Mononchida (predators) and the family
Aphelenchoidea (F) (Table 2). Probe specificity was
confirmed using Q-PCR assays against 20 common FLN
groups in agricultural soils. Probe sensitivity was tested with
soil spiking experiments using sterilised soil with known
nematode numbers. DNA has been extracted from soils used
for manual nematode community analysis and will be used
to validate the new DNA tests. Ultimately, our objective is to
add these tests to the Predicta B test currently used to
quantify soilborne pathogens in cereal-growing soils (4).

INTRODUCTION
Nematodes are useful biological indicators as they are
ubiquitous in soil, trophically diverse and sensitive to
physical and chemical disturbances (1). In nematode
community analysis, FLN are categorised according to their
feeding habits: plant parasitic, bacterial feeder (B), fungal
feeder (F), omnivore and carnivore. Each nematode is also
given a colonizer-persister (c-p) value between 1 and 5.
Colonizers (B and F) have high reproductive rates and
colonise habitats following disturbance or additions of new
food sources. The persisters (omnivores and predators) have
long life cycles and are sensitive to disturbance. Indices
derived from nematode community analysis provide
information about a soil ecosystem: the degree of
disturbance, its nutrient status, disease suppressiveness and
the presence of pollutants.

Table 2. FLN DNA probe specificity and sensitivity

MATERIALS AND METHODS
To assess the biological status of cropping soils in Australia,
soil samples were collected pre-sowing (March -May) from
9 long-term field trials. Nematodes were identified to
family/genus level and various indices were calculated.
B/(B+F) indicates whether the detritus food web is
dominated by bacteria or fungi, while Structure and Maturity
Indices (SI and MI) indicate trophic diversity (2, 3). A
second component involved using DNA sequence
information to design probes capable of detecting and
quantifying the major nematode trophic groups.

Probe

Specificity

Dorylaimida
(FLN & PPN)

Dorylaimidae,
Belondiridae,
Aporcelaimidae & Qudsianematidae,
Longidoridae & Trichodoridae

Dorylaimida
(FLN Only)

Dorylaimidae,
Belondiridae,
Aporcelaimidae & Qudsianematidae

0.01

Mononchida

Mononchidae & Diplogasteridae

0.01

Aphelenchidae

Aphelenchidae
Aphelenchoididae

but

not

Sensitivity
(FLN/g soil)
0.01

Not Tested
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1.
RESULTS AND DISCUSSION
Results of manual nematode community analyses (Table 1)
indicate that management practices have a major impact on
2.
the biological status of soils. Although some sites/treatments
3.
had >20 FLN/g soil and more than 1% of the nematode
4.
community were omnivores and predators, there were many

Table 1. Impact of various treatments on the FLN community at 9 field trial sites across Australia
State
SA

Site
Minnipa & Avon

Soil Type
Sandy Loam

Treatments
Rhizoctonia
Suppression

Waikerie

Sandy Loam

Wheat/Pasture
Wheat/Wheat

VIC

Horsham

Self Mulching Clay

Rotations & Tillage

Despite rotation, CT higher total FLN & Dorylaimida than RT & NT

QLD

Warwick

Clay

Continuous Wheat
Tillage & Stubble

No difference between CT or NT
Stubble burnt; higher Dorylaimida & Mononchida than retained

WA

Liebe

Yellow Sand

Organic
Additions

FLN low in all treatments compared to sites in SA, VIC and QLD

Cunderdin & Mingenew

Red Sandy Clay

Cereal & Pasture
Rotations

Legume/pasture (lupin, clover, medic); higher Fungivores than cereal
(wheat, barley, oat)

Wongan Hills

Sand

Fertiliser (Lime)

Lime addition; higher Fungivores, MI & SI

7th Australasian Soilborne Diseases Symposium

Results
Suppressive; higher Dorylaimida, Fungivores, MI & SI
vs

Matter

Wheat/Pasture; higher Dorylaimida, SI & MI
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SUS
SCEPTIBIILITY TO SCLEROTI
S
TIUM ORYZ
ZAE AND RHIZOCTO
R
ONIA SPP.. OF
UR
RUGUAYA
AN RICE CULTIVAR
C
RS
A

S. Marrtínez A and F. EsccalanteA
IN
NIA Treinta y Tress, CP 33000, Treiinta y Tres, Urug
guay. Email: smarrtinez@tyt.inia.orrg.uy.

ABSTRACT. Eight com
mmon Uruguayyan lines and rice
r
cultivars were
w
tested for susceptibility to Sclerotium oryzae and
Rhizoctoniia spp. in orderr to establish a baseline of knnowledge aboutt the response of
o these cultivaar to these path
hogens. The
evaluationn was conductedd in two experim
ments at two tim
mes of inoculattion and two dissease rating tim
mes. The experim
ments were
conductedd in plastic potss under glasshoouse with conttrolled conditio
ons. Tillers werre inoculated w
with agar discs containing
active myccelia and sclerootia of S. oryzaae (ten strains) and Rhizocton
nia spp. (elevenn strains). In thhe first experim
ment, tillers
were inocuulated 75 days after sowing annd disease severity rated at 6 weeks.
w
In the seecond experimeent, tillers weree inoculated
4 weeks after
a
sowing annd disease seveerity rated 3 moonth after inocu
ulation. All thee cultivars weree susceptible to
o S. oryzae
independeently of the time of inoculationn and disease rating
r
time. Hig
gh disease ratinngs were found at 6 weeks as the disease
progress fast
fa after inoculation being CL
L212 and CL2433 the less susceeptible. CL146 appeared as thee most susceptib
ble cultivar
showing the
t highest rattings in both experiments.
e
C
Cultivars
showeed low diseasee rating 6 weeks after inocullation with
Rhizoctoniia spp. with only minor differences in suscepptibility. INIA Tacuarí
T
and Parrao showed thee lowest diseasee rating at 3
months aft
fter inoculation.
INTROD
DUCTION
Sclerotium
m oryzae, caussal agent of stem rot of ricce, and
Rhizoctonnia spp., causaal agents of sheeath spot of ricce, are
some of the
t most importtant diseases off rice in Uruguaay. The
sclerotia produced
p
by thhese fungi servee as primary inooculum
by floatinng on the watter and infectinng rice stems at the
waterline. Stem rot proogresses into thhe inner leaf sheaths
s
r of the innerr stem tissue while
w
Rhizoctoniia spp.
causing rot
infect thhe rice penetrrating the outtermost sheathhs and
colonisingg the culm of rice
r
plant (2, 3). The objectivve is to
establish a baseline of the individual cultivar respoonse to
these pathhogens of the prrincipal Uruguaayan rice cultivvars.
ETHODS
MATERIIALS AND ME
Eleven strrains of Rhizocctonia spp. and ten of S. oryzaae were
obtained from diseasedd plants or ricee soils. Ten seeeds of
each cultiivar were plantted in 125-mm diameter plasttic pots
placed in metal trays witth 5 cm deep water in glasshouuse (25
± 5 ºC annd RH 80%) annd thinned to foour seedlings per
p pot.
Tillers were
w
inoculatedd with agar disc (6 mm diaameter)
containing mycelia of the
t pathogen obtained
o
from 10-day
old colonnies of the patthogen and wraapped with Paarafilm.
The inocuulation was maade in plants 75
7 days after sowing
s
and ratedd 6 weeks afteer inoculation (Experiment 1) or 4
weeks aftter sowing and rated after 3 moonths (Experim
ment 2).
Severity index was acccording with SES evaluatioon (1).
Statisticall analysis was performed
p
with SAS®.
TS
RESULT
Experimeent 1 (Ex1). The
T
plants evvaluated for seeverity
ratings after
a
inoculatioon with S. orryzae showed all a
different degree of sussceptibility. CL
L146 was thee more
d
withh INIA
susceptible cultivar withhout statistical differences
Tacuarí, Parao, El Passo 144, INIA Olimar and CL244.
C
a
CL243 were
w
the less susceptible annd this
CL212 and
differencee supported staatistically. Cultiivar susceptibillity for
Rhizoctonnia spp. was hiigher for INIA
A Tacuarí. CL212 and
CL243 were
w
a second group
g
without statistical
s
differrences.
Cultivars CL146, CL244B, El Paso 1444, INIA Olim
mar and
Parao, weere the less sussceptible with statistical diffeerences
only withh INIA Tacuarí. Experiment 2 (Ex2). No staatistical
differencees were found between
b
cultivaars inoculated with
w S.
1.
oryzae. For
F Rhizoctoniaa spp. Parao annd INIA Tacuarrí were
the less suusceptible cultiivars and these differences suppported
2.
statisticallly (Figure 1).
3.
SION
DISCUSS
Differencces were found between experriments for S. oryzae
in some cultivars, moree disease severrity was foundd when
tillers werre inoculated cllose to internodde elongation (33). The

7th Austraalasian Soilbornne Diseases Sym
mposium

diseaase progressed but
b only to som
me extent sincee the tillers
began
n to die early after the diseaase progress. Although
A
at

Figure 1. Severityy index for thee cultivars testeed. Above,
Expeeriment 1. Beloow, Experimentt 2. Green, S. oryzae;
o
red,
Rhizo
octonia spp. Columns
C
with the same letteers are not
statisstically differennt (Tuckey=0,05) for the sam
me pathogen
speciies.
d showed
differrent degree, all the culltivars studied
susceeptibility to thiss disease as obsserved in field conditions.
CL14
46 appeared as the most suscepptible cultivar to
t S. oryzae
in both
b
experiments. Rhizoctoonia showed a more
prono
ounced progresss in the expreession of symp
ptoms with
rating
gs low at 6 weeks after innoculation and
d no clear
distin
nction in susceeptibility betw
ween cultivars. Previously
was demonstrated that this pathhogen can pen
netrate the
a
lly (2) until thee tillers are
outerrmost sheaths asymptomatical
killed
d. INIA Tacuaríí showed the loowest disease raating after 3
montth, a striking result since it is the most susceptible
cultiv
var to Rhizoctonnia in field conditions (2).
REFERENCES
IRRI. 2002. Standard Evaluatiion System for Rice.
(Intern
national Rice Research
R
Institutte, Manila, Philllipines).
Lanoisselet, V. M., Cother,
C
E. J. andd Ash, G. J. (2
2007). Crop
Protecction 26:799–8008.
Ou, S..H. (1985). Steem Rot. In ‘Ricce Diseases’, pp
p. 247-262.
(Comm
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A PITCH FOR BIOSECURITY: MINIMISING THE RISK OF PINE PITCH
CANKER (FUSARIUM CIRCINATUM) INTRODUCTION INTO AUSTRALIA
A

A. MaxwellA and H. BrelsfordA
Department of Agriculture Fisheries and Forestry, 9 Fricker Road Perth International Airport Western Australia.
aaron.maxwell@daff.gov.au

ABSTRACT. DAFF Biosecurity measures to minimise the entry risk of soil-borne plant pathogens are discussed using the
management of Pine Pitch Canker as an example. The impact of the disease worldwide is substantial and it poses a major
threat to Australia’s coniferous forest plantations. It remains one of the principal targets for DAFF Biosecurity to maintain
Australia’s freedom from this disease. Pre-border, border and post-border biosecurity measures are described and their
effectiveness examined.
INTRODUCTION
Pine Pitch Canker, caused by the fungus Fusarium
circinatum, is a serious biosecurity threat to Australia’s
coniferous forest plantations. It is one of four high-risk
pathogens listed in the industry biosecurity plan. Pine Pitch
Canker (PPC) causes disease on Pinus species and other
coniferous genera and it has led to severe disease of
southern pines (Pinus elliottii) in the south eastern parts of
North America and of radiata pine (Pinus radiata) in
California (1). It has been recorded in Chile, Japan, Mexico,
North America, South Africa and Spain (Fig. 1).

Fig. 1 Current world-wide distribution of Pine Pitch Canker
There are over 1 million ha of coniferous forest plantations
in Australia (2). Of this area, 75% is planted with Pinus
radiata. The Pinus plantation estate in Australia has an
economic value in excess of $3 billion per annum.
METHODS
A literature review was conducted to determine the biology
distribution, movement and impact of PPC. The impact of
the disease and biosecurity measures to mitigate the entry
potential of the disease were reviewed and discussed.
RESULTS AND DISCUSSION
Distribution. Population genetic studies support the
following pathway of disease spread from a centre of origin
in Mexico. It was introduced into south-eastern USA (first
report Florida 1946) from where it spread into western USA
(first report 1986). Pitch canker was introduced into Japan
from the USA in the 1980’s. It is likely that pitch canker
1.
disease was introduced into South Africa (1990) on seed
2.
collected in Mexico. The source of introductions to Chile
and Spain (1990s) are unclear.
Biology and Impact. Although F. circinatum frequently
3.
infects through wounded shoots and is associated with insect
vectors of stem and cones; it also survives in soil and acts as
a typical root-infecting pathogen. The symptoms of the
disease include pre and post emergent damping-off of
seedlings, stem girdling and death of saplings, dieback of
shoots and branches, crown decline, resin exudation from
7th Australasian Soilborne Diseases Symposium

branches and the bole of the tree. PPC’s greatest impact has
been associated with P. radiata where up to 85% of P.
radiata trees in California may die as a result of PPC.
Pathways for the entry. F. circinatum is most likely to
enter Australia in live plants including seedlings, tissue
culture and seed for sowing. Insects, pine cones, pine pollen,
soil, cargo containers, used logging equipment, camping
equipment, timber and wood packaging and seed for human
consumption also pose possible pathways. These products
may enter the country with travellers, mail, imported
products, transport vessels and containers.
Mitigation. In Australia the risk of entry via these pathways
is mitigated by quarantine regulations administered by
DAFF Biosecurity, part of the Australian Government
Department of Agriculture, Fisheries and Forestry (DAFF).
The importation of high risk commodities such as Pinus
nursery stock and seed is not permitted from countries
where PPC is known to occur; and imports from countries
demonstrating freedom from disease are tightly regulated
(3). Importers must obtain an import permit and a
phytosanitary certificate and submit to on-arrival inspection,
onshore (and in some cases offshore) treatment and a period
of post entry quarantine where disease screening is
performed for a minimum of 2 years.
Soil is not permitted at any point of entry into Australia.
It is physically removed from transport containers and
imported commodities or it is treated to sterilise it before
release. Other high risk imports such as pine cones and
timber are subject to mandatory inspection and treatment
and are required to comply with ISPM 15 requirements.
To ensure compliance, DAFF Biosecurity officers are
located in all major ports and regional areas. Also, detector
dogs are trained to sniff out more than 30 different items of
biosecurity concern and are used to check incoming mail
and international travellers and their luggage. Rapiscan Xray machines are employed at the border to detect biological
material, such as plant material, tubers and seed.
Post-border, the National Plantation Industry
Biosecurity Plan (available through Plant Health Australia)
outlines the roles and responsibilities and cost-sharing
arrangements for stakeholders in the event of an incursion.
REFERENCES
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Anon. (2012). The Australian Bureau of Agricultural and
Resource Economics and Sciences: Forests Australia
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27
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2012.
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PARSNIP CULTIVAR TRIAL IDENTIFIES RESISTANCE TO ROOT ROTS AND
ITERSONILIA
E. Minchinton, J. Petkowski and R. deBoer
Department of Primary Industries, Victoria. Liz.minchinton@dpi.vic.gov.au

ABSTRACT Victorian parsnip growers have bred their own individual parsnip varieties for a white-coloured flesh, which is
more acceptable to the market than the cream-coloured flesh of commercial cultivars. The former are very susceptible to
canker, but the latter are not. During winter of 2011 a parsnip cultivar trial was conducted at Cranbourne, Victoria, Australia,
to evaluate 12 parsnip cultivars for resistance to root rots, cankers and Itersonilia foliage lesions. No cultivars were
completely resistant to root rots, cankers or to Itersonilia symptoms on foliage, most displayed a range of resistance, but
some were very susceptible. Incidence of root rot and canker symptoms in ‘Javelin’ was significantly lower, by 65%,
compared with the ‘Standard’. ‘Javelin’ produced the highest marketable yield of 17.2 t/ha, which was 89% higher than the
1.95 t/ha marketable yield of the ‘Standard’. ‘Javelin’ had the highest proportion of marketable roots compared with all other
cultivars. Its root shape, weight and post harvest root colour, however, were scored slightly lower than those of the
‘Standard’. ‘Javelin’ had good resistance to foliage symptoms attributed to Itersonilia and incidence on seedling and mature
foliage was 65% and 47% lower than that of the most susceptible cultivars ‘300-9’ and ‘Standard’, respectively. Due to the
yield advantage of ‘Javelin’ over other cultivars evaluated, parsnip producers expressed interest in further testing ‘Javelin’ in
coming seasons.

30

Parsnip tap root
colour 4 dah1
(scale: 3=white 1=creamy)

25

Rank of average
root shape
(1=poor-11 =
good)

20

15

Rank of mean
weight of tap root
per plant
(1=lowest;
11=highest)
Rank of
resistance to
disease on tap
roots

10

5

Javelin

Albion

300-9

Thunder

302-9

Lancer

Hollow Crown

Melbourne White
Skin

Peace

Moonshine

Standard

0

Figure 1. Summary of rank of cultivar root qualities (mean
disease incidence and weight, average root shape and
colour).
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Estimated yield of parsnip tap roots (t/ha)

Assessment The incidence of Itersonilia on cotyledon and
true leaves of 20 seedlings per plot was assessed on 19
October 2011. At harvest on 1-2 December 2011 foliage
colour and vigour were assessed on a per plot basis. Foliage
colour was assessed on a scale of 0-3: where 0, no
emergence; 1, light green; 2, moderate green; and 3, dark
green. Foliage vigour was assessed on a scale 1-3: where 1,
shortest; 2, moderate; and 3, tallest foliage. Roots of four
plants were harvested across each of four rows every half
meter to give a total of 12 plants per plot which were
assessed for the following. Incidence of disease symptoms:
canker (deep tap root lesions); brown lesions on the upper
tap root; brown lesions on the lower tap root; collar rot; skin
cracks, forking and healthy (no visible symptoms). Root
shape: scale 0-2; 0, not acceptable ie forking; 1, poor; 2,
marketable). Post harvest root colour was assess on 10
plants of each cultivar, randomly collected from each plot
after roots had been stored for 4 days at 4ºC after harvest, on
a scale of 1 to 3, where: 1, creamy; 2, intermediate; and 3,
whitest. Data was analysed by REML.

Lancer

MATERIALS AND METHODS
Field trial A trial was laid out as a randomised block design
with four replicates each containing one of 11 cultivars on a
clay loam site at Cranbourne, Victoria. The trial was direct
seeded on 2 June 2011, in single rows at four rows per plot
on raised beds and the crop was maintained by the grower.

‘Albion’ had the lightest coloured foliage whilst ‘302-9’,
‘Lancer’ and ‘Javelin’ had the darkest. The most vigorous
cultivar was ‘302-9’ whilst ‘Albion’ was the least vigorous.
Cultivar 302-9 generally had good root qualities. ‘Javelin’
had the highest rank of resistance to disease (Figure 1) and
highest proportion of healthy and marketable yields (Figure
2).

Combined ranks

INTRODUCTION
Canker of parsnip crowns and tap root rots are major
problems for parsnip production in Australia and the former
are largely attributed to the fungus Itersonilia perplexans
Derx. A field trial was undertaken to identify parsnip
cultivars with resistance to root rot or canker symptoms,
foliage symptoms of Itersonilia, improved yield, desirable
foliage and root characteristics, and post harvest root colour.

Marketable yield (healthy & 120-300g)

Figure 2. Estimated total, healthy and marketable root
yields of parsnip cultivars.

Yield Estimations of the total yield, yield of healthy parsnip
tap roots in the size category ≥120g to ≤300g (marketable)
were based on the proportion of healthy plants out of the 12
per plot assessed and the average weight of healthy and
marketable plant tap roots. There was an average of 119
plants per plot but there were only three plots of
‘Moonshine’, ‘Albion’ and ‘300-9’ due to poor emergence.

DISCUSSION
‘Javelin’, with the highest proportion of healthy and
marketable tap roots, was a superior cultivar compared with
all other cultivars and was rated by growers as a potential
replacement for the ‘Standard’ cultivar in forthcoming
seasons. ‘302-9’ will continue to be developed due to its
high yield potential.

RESULTS
‘Peace’, ‘Moonshine’, ‘Javelin’, ‘302-9’, ‘Thunder’ and
‘Albion’, had significantly lower incidence of Itersonilia
lesions on cotyledons compared with the ‘Standard’, but
differences were not significant on foliage at harvest.
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WHAT IS THE IMPACT OF WINTER GRAIN CROPS ON PRATYLENCHUS
THORNEI GROWN IN ROTATION WITH TOLERANT AND INTOLERANT
WHEAT?
K.J. Owen, T.G. Clewett and J.P. Thompson
Queensland Department of Agriculture, Fisheries and Forestry, Leslie Research Facility, Toowoomba.
Kirsty.Owen@daff.qld.gov.au; © The State of Queensland, Department Agriculture, Fisheries and Forestry, 2012.

ABSTRACT. Management of the root-lesion nematode, Pratylenchus thornei (Pt), is central to wheat production in the
northern grain region of Australia and relies on rotation with resistant crops and growing tolerant wheat cultivars. We
determined the residual populations of Pt to 90 cm soil depth after winter grain crops and their impact on the growth of
subsequently planted tolerant and intolerant wheat cultivars. A weed-free fallow and 5–6 cultivars each of faba bean,
chickpea, barley and wheat were treatments on two areas of land, 1) 4,500 Pt/kg soil at 0–45 cm after 7 months fallow after
wheat and 2) 2,100 Pt/kg soil at 0–45 cm following 14 months fallow after sorghum. Six months after harvest there were
10,000–22,700 Pt/kg soil 0–45 cm after most barley, faba bean and commercial wheat cultivars; 2,600–6,000 Pt/kg soil 0–45
cm after wheat cvv. QT9050, GS50a, chickpea cv. PBA Hattrick and fallow. There was a negative, linear relationship
between Pt (to 90 cm) and biomass of the intolerant wheat cv. Strzelecki (max. R2 = 0.70 P<0.001 at 0–45 cm). There was no
impact of residual Pt on the tolerant wheat cv. EGA Wylie. The tolerance of cv. EGA Wylie was robust but breeding resistant
barley, faba bean and wheat will improve management options.

MATERIALS AND METHODS
A weed-free fallow treatment and 5–6 cultivars of faba
bean, chickpea, barley and wheat were planted on two
areas of land 1) 4,500 Pt/kg soil at 0–45 cm after 7
months fallow after wheat (“high Pt site”); 2) 2,100
Pt/kg soil at 0–45 cm following 14 months fallow after
sorghum (“moderate Pt site”), in replicated row-column
designs with sufficient plots (2 x 8 m) to plant a tolerant
and intolerant wheat in the following year. Soil samples
to determine P. thornei populations to 90 cm soil depth
were collected from every plot 6 months after harvest of
the winter grain crops. Nematodes were extracted by the
Whitehead tray method and counted under the
microscope. Biomass of the subsequently planted wheat
cultivars was recorded at anthesis.
RESULTS AND DISCUSSION
Overall, the largest Pt populations were after barley, faba
bean and commercial wheat cultivars (10,000–22,000/kg
soil 0–45 cm) and lowest Pt after wheat cvv. QT9050,
GS50a, most chickpea cultivars and fallow (Table 1).
Biomass of the subsequently-planted tolerant wheat cv.
EGA Wylie was 5.9 t/ha and intolerant cv. Strzelecki 2.3
t/ha. There was no relationship between populations of
Pt following the winter grain crops and biomass of
tolerant wheat cv. EGA Wylie. In contrast, there was a
negative, linear relationship between Pt (at 0–15, 0–30,
0–45, 0–60 or 0–90 cm) and biomass of the intolerant
wheat cv. Strzelecki. Maximum R2 was from the 0–45
cm soil depth with no further improvement below that
depth interval (Figure 2).
The robust tolerance of wheat cv. EGA Wylie even
under very high Pt disease pressure was outstanding and
provides growers with reliable, immediate returns.
However, the susceptibility of the commercial wheat,
faba bean and barley caused populations of Pt to
accumulate to very high levels. Selection of cultivars
with better resistance will improve management of Pt in
the longer term.
7th Australasian Soilborne Diseases Symposium

Table 1. Pratylenchus thornei/kg soil at 0–45 cm 6months after harvest of the winter grain crops. ln,
ln(x+1000); BTM, backtransformed mean.
Crop

Cultivar

Barley

Commander
Grout
Grimmett
Gairdner
ND19119-05
Hindmarsh
PBA HatTrick
Tyson
Amethyst
Yorker
Gully
Sona
AF03109
Ascot
Cairo
Fiesta
Rossa
Doza
GS50a
QT9050
Petrie
EGA Wylie
Kennedy

Chickpea

Faba bean

Wheat

Fallow
LSD (P=0.05) cultivar 0.39

High Pt site
ln (BTM)
9.18 (10,562)
9.26 (14,445)
9.33 (14,305)
9.38 (13,596)
9.49 (15,278)
9.52 (17,833)
8.87 (5,991)
8.93 (8,485)
9.04 (11,348)
9.05 (7,662)
9.06 (10,115)
9.08 (11,448)
9.20 (10,484)
9.29 (12,787)
9.41 (17,029)
9.45 (18,994)
9.48 (19,000)
9.58 (19,428)
8.15 (3,058)
8.35 (4,234)
9.23 (14,502)
9.33 (14,854)
9.50 (16,776)
9.08 (9,277)

5000
Biomass wheat cv. Strzelecki
(kg/ha)

INTRODUCTION
The root-lesion nematode, Pratylenchus thornei (Pt) is
widely distributed in the northern grain region of
Australia and can cause up to 50% yield loss in wheat
(1). Tolerant wheat cultivars ensure high yields, however
Pt has a broad host range which restricts crop rotation
options. We wanted to determine the impact of current
cultivars of winter grain crops on residual populations of
Pt to 90 cm soil depth and effects on subsequentlyplanted wheat with tolerance or intolerance to Pt.

Moderate Pt site
ln (BTM)
9.03 (8,475)
9.25 (13,018)
9.17 (9,022)
9.61 (18,796)
9.57 (14,442)
9.76 (18,856)
8.49 (4,858)
8.93 (9,761)
8.98 (10,524)
8.58 (6,208)
8.62 (6,288)
8.92 (8,538)
9.07 (10,316)
9.10 (12,121)
9.66 (19,378)
9.30 (13,723)
9.70 (20,415)
9.39 (14,325)
8.02 (2,631)
8.42 (3,847)
9.44 (18,059)
9.10 (7,840)
9.79 (22,759)
8.29 (2,436)

y = -1611.1x + 17387
R2 = 0.7022***
n = 24

4000
3000
2000
1000
0
8

8.5

9

9.5

10

P. thornei /kg soil (ln (x + 1000) 0-45 cm)
after winter grain crops

Figure 2. Relationship between P. thornei/kg soil at 0–
45 cm 6-months after harvest of winter grain crops and
the biomass of the following intolerant wheat cv.
Strzelecki; P<0.001; n=24.
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A

ABSTRACT. Validation of the taxonomy of the Verticillium spp. involved in Verticillium wilt of potato in South East
Australia confirmed that V. dahliae was the major Verticillium species. V. albo-atrum was also identified from several potato
tubers from Tasmania and Victoria. Multigene phylogeny based on gene sequence comparison of ITS, β-tub and EF-1,
showed that there was very little gene diversity within V. dahliae potato isolates, V. albo-atrum was phylogeneticaly related
to V. dahliae, and that the isolates of V. dahliae from tomato and strawberry were genetically similar to isolates from potato.
Pathogenicity studies on potato (susceptible cv Shepody and moderately resistant cv Ranger Russet) and eggplant (cv Black
Beauty) showed that the majority of V. dahliae isolates were highly aggressive in potato and eggplants especially Tasmanian
V. dahliae isolate Vd25. Disease severity and the effect on plant growth varied between isolates with most isolates generally
being more pathogenic on potato cv Shepody.
INTRODUCTION
Verticillium wilt (Vw), caused by the soilborne fungi
Verticillium dahliae or Verticillium albo-atrum, is a serious
disease of potato as well as many other crops. Vw has been
recorded in potatoes in Australia (1, 2, 3) and has been
shown to be an interaction between V. dahliae and nematode
Pratylenchus crenatus to cause potato early dying (PED)
disease. Comprehensive studies have not been carried out on
multigene phylogenetic analysis and pathogenicity of V.
dahliae in Australia. The main objective of this research was
therefore to (i) validate the taxonomy of Verticillium species
in potatoes using multigene phylogeny; and (ii) study the
pathogenicity of the Australian isolates of V. dahliae.
MATERIALS AND METHODS
Multigene phylogenetic analysis: DNA was extracted from
twenty seven single spored isolates (21 isolates of V.
dahliae, two of V. albo-atrum, V. tricorpus, one of V.
tenerum and V. nigrescens). These isolates had been
collected from the petiole and tubers of infected potato from
Victoria, Tasmania and South Australia. Two isolates of V.
dahliae from tomato and strawberry were also included in
the study. DNA amplification and sequencing were
performed by PCR using three gene sequences (ITS, partial
β-tubulin and translation elongation factor 1-alpha) and sent
for sequencing to Australian Genome Research Facility,
Melbourne. Sequences were aligned in MEGA 4 using
Clustal W and phylogenetic trees constructed.
Pathogenicity test: Pathogenicity and virulence of nine
isolates of V. dahliae from different geographical locations
were determined by root dip inoculation experiment into
potato (susceptible cv Shepody & moderately resistant cv
Ranger Russet) and eggplant cv Black Beauty in 2011 and
2012. Disease severity was assessed using 0-5 scale.
Eggplants were destructively sampled seven weeks after
planting and height, aerial biomass (fresh & dry) and root
weight (fresh and dry) were measured.
RESULTS AND DISCUSSION
Multigene phylogenetic analysis revealed five monophyletic
groups corresponding to the five species in the investigation.
V. dahliae and V. albo-atrum were the two closely related
species with all isolates of V. dahliae clustering in one tight
cluster. Molecular identity using three gene sequences
validated taxonomy based on traditional morphological
characters. V. dahliae from tomato and strawberry were
genetically similar to isolates from potato. Sequences from
ITS PCR were adequate to separate species.
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Pathogenicity results showed that the majority of V.
dahliae isolates from potato were highly aggressive in
potato and eggplants especially Tasmanian V. dahliae
isolates (Vd25) (Table 1). Isolates varied in pathogenicity in
terms of disease severity and the effect on plant growth.
Table 1. Vw severity (0-5 scale) recorded on potatoes cv.
Shepody (SH) and Ranger Russet (RR) and eggplant (EG)
inoculated with different V. dahliae isolates compared with
the non inoculated control.
Treat
Vd36
Vd54
Vd85
Vd7
Vd16
Vd12
Vd24
Vd25
Vd27
Control

2011
SH
RR
4
2
2
1
4
3
4
3
3
3
4
2
5
4
5
5
5
3
0
0

Disease severity*
2012
EG
SH RR 2011 2012
3
2
3
2
2
1
2
1
2
2
2
2
2
2
2
2
2
2
2
2
3
2
3
2
3
2
3
2
4
4
4
4
4
2
2
2
0
0
0
0

*Mean disease severity of 4 plants rounded off to the nearest
whole number.
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SIMULTANEOUS SELECTION OF WHEAT PLANTS WITH RESISTANCE TO
ROOT-LESION NEMATODES, CROWN ROT AND YELLOW SPOT
J.G. Sheedy, J.P. Thompson and R.A. Reen
Leslie Research Centre, PO Box 2282, Toowoomba, 4350, Queensland. Email: jason.sheedy@daff.qld.gov.au

ABSTRACT. Root-lesion nematodes (Pratylenchus thornei [Pt] & P. neglectus [Pn]), crown rot (CR; Fusarium
pseudograminearum) and yellow spot (YS; Pyrenophora tritici-repentis) are four economically important diseases of wheat
that commonly occur in combination and cost northern growers $137 M annually. Therefore, we need to develop germplasm
with combinations of disease resistance to minimise yield loss in these situations. To achieve this, the established screening
methods for each disease were combined and where necessary modified, to allow testing of up to 4 diseases simultaneously.
Initial experiments tested every disease combination on up to 42 fixed cultivars covering resistant to susceptible disease
reactions to develop a procedure that could be used to select individuals with resistance to Pt, Pn, CR and YS. This procedure
was used to select resistant individuals in an experiment of 21 check cultivars and 132 segregating F3’s exposed to all 4
diseases. The check cultivars in the F3 experiment were significantly correlated with long-term rankings for YS (r = 0.96***),
CR (r = -0.61**) Pt (r = 0.84**) and Pn (r = 0.52*) and we were able to select nine F3’s (7%) with resistance to all four
diseases. This procedure will likely hasten the development of multiple-disease resistant parents, suitable for introduction
into commercial breeding programs.
INTRODUCTION
Root-lesion nematodes (Pratylenchus thornei [Pt] & P.
neglectus
[Pn]),
crown
rot
(CR;
Fusarium
pseudograminearum) and yellow spot (YS; Pyrenophora
tritici-repentis) are four economically important diseases that
commonly occur in combination and cost the northern wheat
industry $137 M annually. To help minimise these losses we
conducted 14 experiments that evaluated disease
combinations, inoculum types and rates and timing of
disease assessment on fixed wheat cultivars to develop a
procedure that could be used to select individuals with
resistance to Pt, Pn, CR and YS simultaneously. We then
applied that procedure to a segregating wheat population and
selected individuals with resistance to all 4 diseases.

RESULTS
The disease ratings of the check cultivars were correlated
with established ratings for each disease (YS, r = 0.96***;
CR, r = -0.61**; Pt, r = 0.84**; Pn, r = 0.52*). Pt
multiplication was lower than expected but the relative
performance of R and S checks were maintained. By
comparing the performance of F3’s with MR check cultivars
for each disease we were able to select 9 F3’s (7%) with
resistance to all 4 diseases (Table 1).
Table 1. Nine F3’s moderately resistant to YS, CR, Pt and
Pn were identified using a simultaneous selection procedure.
Genotype

YS

CR

Pt-RF

Pn-RF
5.1

DH_83 (Parent)

4.7

58

0.8

MATERIALS AND METHODS
Germplasm 21 check cultivars ranging from resistant (R) to
susceptible (S) for each disease were compared to 132 F3’s
of DH83/Wylie selected from 14 F2 families previously
identified as moderately resistant (MR) to Pt. DH83 is a
doubled haploid line derived from a cross between the
synthetic hexaploid CPI133872 and Janz and is MR to Pt, Pn
and YS. Wylie is MR-MS to CR.

EGA Wylie (Parent)

3.9

55

5.7

6.9

DH_83/EGA Wylie-016-02

8.0

35

1.3

5.0

DH_83/EGA Wylie-016-05

7.6

13

1.3

7.1

DH_83/EGA Wylie-070-07

4.6

41

2.0

5.7

DH_83/EGA Wylie-071-01

7.2

41

1.1

6.5

DH_83/EGA Wylie-150-03

6.1

19

1.0

3.8

DH_83/EGA Wylie-150-06

5.6

16

1.4

6.7

Procedure The experiment consisted of 4 blocks, each with
21 check cultivars and 33 F3’s in a partially replicated design
and was grown in an evaporatively-cooled glasshouse with
soil temperature maintained at 22°C by under-bench heating.
Plants were grown in 330 g of an Irving Series vertosol
partially sterilized by steam at 70°C for 45 minutes and then
inoculated at planting with 1650 each of Pt and Pn. Each pot
was fertilized with 1 g of Osmocote® Native Gardens slowrelease fertilizer. Pots were watered using a self-regulated
capillary watering system at 2cm water tension. Seven days
after planting (DAP) 10 mL of CR mycelial suspension was
applied at the plant base and a YS spore suspension was
applied by aerosol sprayer to the leaves. YS symptoms were
rated 18 DAP on a 1 to 9 scale and CR damage (% browning
of leaf sheaths) was rated 21 DAP. Then, 20mL/plant of
Benomyl® [1 g/L] was applied 3 times at 2-week intervals.
Nematodes were extracted from the soil and roots of each
entry 16 weeks after inoculation using a 48hr Whitehead tray
method. Nematode counts were transformed by ln(x+1)
before REML analysis in GenStat 11th Ed. The predicted
means were back-transformed after analysis and expressed
as Pratylenchus/kg oven-dry soil. Reproduction factor (RF)
was calculated by dividing the final nematode population/kg
by the initial population/kg.

DH_83/EGA Wylie-156-01

5.6

35

1.4

6.5

DH_83/EGA Wylie-244-07

4.8

41

1.2

5.5

DH_83/EGA Wylie-244-09

4.5

39

1.4

5.4

CPI133872 (MR – YS,Pt,Pn)

7.6

22

0.7

5.2

Leichhardt (MR – YS)

7.1

44

2.1

9.2

2_49 (MR – CR)

5.7

33

3.9

16.8

Janz (S – YS,CR,Pt,Pn)

2.8

55

4.6

14.8

Banks (S – YS,CR,Pt,Pn)

3.2

64

6.3

20.8
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DISCUSSION
Traditional plant pathology and breeding have dictated that
selection of disease-resistant germplasm must be done one
disease at a time to avoid disease interactions, the possibility
of acquired resistance and to have the most precise
assessment of resistance. Consequently, developing cultivars
with multiple-disease-resistance has been slow and in many
cases ineffective. The procedure we have developed can be
applied to breeding populations with suitable genetics to
“fast-track” the development of wheat cultivars with superior
levels of resistance to Pt, Pn, CR and YS than is currently
available in commercial cultivars.
© State of Queensland, Department of Agriculture, Fisheries
and Forestry, 2012.
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FORAGE SORGHUM AS A ROTATION CROP FOR MANAGING ROOT-KNOT
NEMATODES (MELOIDOGYNE SPP.) ON VEGETABLES
A

G.R StirlingA, and J.A. CobonB
Biological Crop Protection, 3601 Moggill Road, Moggill, QLD, 4070. Email: graham.stirling@biolcrop.com.au
B
DAFF QLD, Ecosciences Precinct, 41 Boggo Road, Dutton Park, QLD

ABSTRACT. An experiment in pots confirmed that forage sorghum cv. Jumbo, a cultivar with a proven record as a rotation
crop for managing root-knot nematode in vegetable farming systems, is highly resistant to M. javanica and M. incognita, the
predominant warm-climate species of Meloidogyne in Australia. In the field, cv. Jumbo reduced nematode populations to
levels below the damage threshold for most vegetable crops. Forage sorghum cv. Fumig8tor was less resistant in pots and did
not reduce nematode populations in the field to the same extent as cv. Jumbo, while galling on the following tomato crop was
more severe than after cv. Jumbo. Velvet bean, one of the few legumes with high levels of resistance to root-knot nematode,
and a bare fallow treatment were also included in the experiment, and the level of nematode control from cv. Fumig8tor was
no better than these treatments. Also, free-living nematodes multiplied rapidly to high population densities when biomass of
cv. Fumigator was incorporated into soil. These results indicate that forage sorghum cv. Fumig8tor has useful resistance to
root-knot nematode, but does not have the biofumigant properties required to justify its name.
INTRODUCTION
Forage sorghum is widely used as a rotation crop in the
tropical and subtropical vegetable industry because most
cultivars are resistant to the predominant species of rootknot nematode (Meloidogyne javanica and M. incognita).
Also, forage sorghum is vigorous enough to out-compete
weeds and volunteer seedlings that carry the nematode over
to the next vegetable crop. Cultivar Jumbo has a high level
of resistance (1), and experience over many years has shown
that it consistently reduces nematode populations to levels
around the damage threshold for most vegetable crops.
Recently, a cultivar named Fumig8tor was released with
claims that it was effective against nematodes due to its
biofumigant properties. This work aimed to test the veracity
of that claim.
MATERIALS AND METHODS
The host status of forage sorghum and tomato was assessed
by inoculating 5 replicate pots of various cultivars with
10,000 nematode eggs. Nematode population densities were
assessed after 8 weeks.
In a pot experiment to assess the potential of the two
cultivars to act as a biofumigant, tomato roots infested with
M. javanica were added to soil (120,000 eggs/pot) and fresh
aboveground material was incorporated into 6 replicate pots
at the equivalent of 10 and 20 t dry matter/ha. Nematode
populations were assessed after 1 month.
The field experiment was established at a site heavily
infested with M. javanica. Six replicate plots containing a
bare fallow, velvet bean and forage sorghum cvs. Jumbo and
Fumig8tor were established on 14 November 2011 and
nematode populations were assessed 10 weeks later. Each
plot was then inoculated with additional M. javanica by
incorporating infested tomato roots into the soil to achieve a
population density of about 200 nematodes/200 mL soil.
The rotation crops were then incorporated with a rotary hoe.
Tomato cv. Tiny Tim was planted on 8 March 2012 and 12
weeks later, the effectiveness of the treatments was assessed
by rating roots for galling and counting nematodes in the
soil.
RESULTS
Forage sorghum was resistant to root-knot nematode, but
nematode populations were higher on cv. Fumig8tor than cv.
Jumbo in pots (Table 1). When aboveground biomass of
forage sorghum was incorporated into soil, both cultivars
increased numbers of free living nematodes and reduced
numbers of M. javanica compared with a non-amended
control (Table 2). In the field, populations of root-knot
nematode following Fumig8tor were higher than after
Jumbo, velvet bean or a bare fallow (Table 3). Yield of the
following tomato crop and final nematode population
7th Australasian Soilborne Diseases Symposium

densities were not affected by treatment, but roots were
more heavily galled following Fumig8tor than either Jumbo
or velvet bean (Table 3).
Table 1. Nematode populations on forage sorghum (FS)
and tomato 8 weeks after pots were inoculated with 10,000
Meloidogyne eggs
Crop/cultivar

Nematodes/pot
M. javanica

FS cv. Jumbo
FS cv. Fumig8tor
Tomato cv. Tiny Tim

18 c
357 b
816,581 a

M. incognita
6c
782 b
618,015 a

Table 2. Populations of free-living nematodes (FLN) and
M. javanica 1 month after forage sorghum cultivars were
incorporated into soil at different rates
Treatment
Nematodes/pot
FLN
M. javanica
No amendment
4,270 b
679 a
Jumbo (10t/ha)
30,410 a
345 a
Fumig8tor (10 t/ha) 21,530 a
380 a
Jumbo (20t/ha)
35,480 a
136 b
Fumig8tor (20 t/ha) 43,850 a
137 b
Table 3.
Populations of root-knot nematode (RKN)
following various rotation treatments, and yield, gall ratings
and nematode populations after plots were infested with
additional nematodes and planted to tomato
Treatment
RKN
Yield
Gall
RKN
/200 mL
(g/plant) rating
/200
mL
Bare fallow 0.2 b
1.12 a
2.5 ab
55 a
Velvet bean 0.3 b
1.28 a
1.7 bc
10 a
Jumbo
1.4 b
1.20 a
1.2 c
15 a
Fumig8tor
7.4 a
1.13 a
3.3 a
44 a
In all tables, nematode counts were transformed [log10
(x+1)] prior to analysis and back-transformed means are
given. Columns followed by the same letter are not
significantly different (P=0.05)
CONCLUSIONS
These results indicate that Fumig8tor has useful resistance to
root-knot nematode. However, it is no better than other
readily-available forage sorghum cultivars, and does not
have the biofumigant properties required to justify its name.
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THE PATHOGENICITY OF AN AUSTRALIAN ISOLATE OF RADOPHOLUS
SIMILIS ON GINGER
A

J.A. CobonA, M.K. SmithB and G.R. StirlingC
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ABSTRACT. A pathogenicity experiment in which an Australian isolate of Radopholus similis was inoculated onto ginger in
sterilised potting mix showed that the nematode did not multiply readily on ginger, as final population densities after 20
weeks were less than the 1,500 nematodes initially inoculated. The nematode invaded ginger roots and rhizomes, but did not
produce aboveground symptoms or reduce the biomass of either seed pieces or rhizomes. The results, therefore, differed from
those obtained in a previous study with a Fijian isolate from ginger. In that study, which used the same initial inoculum
density, the nematode invaded stem bases and lower leaves within 15 weeks of inoculation, causing leaf yellowing and death
of shoots. By 20 weeks, most inoculated plants had died and more than 15,000 R. similis were recovered from each plant.
Rhizomes and seed pieces were discoloured or badly rotted, and their biomass was reduced by about 55%. The results of the
two studies demonstrate that the isolate of R. similis from ginger in Fiji is a more aggressive pathogen than the Australian
isolate from banana. Secondly, they add to a large body of evidence which shows that R. similis is a genetically diverse
species, with isolates from various countries having different host preferences and rates of reproduction. Thirdly, they
underscore the need to ensure that the limited diversity of R. similis within Australia is not enhanced by introductions of the
nematode from elsewhere.
INTRODUCTION
Radopholus similis has been associated with disease
problems in Fijian ginger since the early 1970s, when
stunted, chlorotic, low-yielding crops were found to be
infested with the nematode (1). The nematode is still a major
problem in some ginger-growing areas of Fiji and a recent
pathogenicity test showed that the nematode has the capacity
to aggressively colonise and multiply in ginger rhizomes (2).
In contrast to the situation in Fiji, problems with R. similis
have never been observed on ginger in Queensland, despite
the fact that that it has been grown for more than 70 years in
areas where banana is infested with the nematode. This
experiment was designed to establish the pathogenicity of an
Australian isolate of R. similis to ginger.
MATERIALS AND METHODS
Forty 2 L planter bags were filled with autoclaved potting
mix and planted with a Radopholus-free ‘seed piece’ of
‘Queensland’ ginger. Pots were then transferred to a
glasshouse and 12 weeks later, half the pots were inoculated
with 1,500 R. similis. The nematode was obtained from
banana at Pimpama, Queensland, and had been multiplied in
the laboratory on sterile carrot tissue. Pathogenicity of the
nematode is confirmed through regular testing on banana.
Sixteen and 20 weeks after inoculation, above-ground
biomass in 10 inoculated and 10 control pots was measured
and symptoms on shoots, seed pieces, newly-developing
rhizomes and roots were assessed.
Nematodes were
extracted from the seed piece, rhizome and roots by placing
sliced tissue in a misting chamber for 7 days and recovering
the nematodes on a 38µm sieve. Maceration of tissue
samples after removal from the mister showed that the
misting method successfully extracted most of the
nematodes from plant tissue.
RESULTS
Inoculated and control plants showed no signs of disease at
16 and 20 weeks and seed-piece or rhizome biomass was not
affected by inoculation with the nematode (Table 1).
Table 1. Effect of R. similis on ginger 16 and 20 weeks after
plants were, or were not, inoculated with the nematode.
Treatment
16 week harvest
20 week harvest
Fresh wt. Fresh wt.
Fresh
Fresh wt.
seed
rhizome
wt. seed
rhizome
piece (g)
(g)
piece (g)
(g)
Control
30.4
202.1
35.1
221.8
R. similis
34.9
220.0
34.6
224.3
Biomass did not differ significantly between treatments (P=0.05)
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When rhizomes were inspected for nematode damage,
sunken water-soaked lesions and blackened tissue was
observed on the surface. However, very few nematodes were
recovered from seed pieces or rhizomes, with most of the
nematodes being found in roots (Table 2). The final
population of R. similis was less than the number of
nematodes initially inoculated.
Table 2. Numbers of R. similis recovered 16 and 20 weeks
after ginger plants were inoculated with 1,500 nematodes.
Harvest
Mean number of R. similis
Seed
Rhizome Roots Total
16 weeks
4
39
1380
1423
20 weeks
1
11
1255
1267
DISCUSSION
In a pathogenicity experiment with an isolate of R. similis
from Fiji, the nematode invaded the stem bases and lower
leaves within 15 weeks of inoculation, causing leaf
yellowing and death of shoots (2). By 20 weeks, most
inoculated plants had died and more than 15,000 R. similis
were recovered from each plant. Rhizomes and seed pieces
were discoloured or badly rotted and their biomass was
reduced by about 55%. In contrast, our study using the same
methodology showed that an Australian isolate of R. similis
was not an aggressive pathogen of ginger, with the final
population density after 20 weeks being less than the
number of nematodes inoculated.
This result indicates that the isolate of R. similis from
ginger in Fiji is a more aggressive pathogen than the
Australian isolate from banana. Since populations of R.
similis in Australia were probably introduced from a single
source (3) and other studies have shown that isolates of the
nematode from various countries have different host
preferences and rates of reproduction (4), it is important that
the limited genetic diversity of the nematode within
Australia is not enhanced by introductions of the nematode
from elsewhere.
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PYTHIUM SPECIES ASSOCIATED WITH ROOT ROT OF GREENHOUSE
CUCUMBERS IN AUSTRALIA
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A

ABSTRACT. Stem and root rot and vascular wilt of greenhouse cucumbers were recorded from crop surveys in major
Australian production areas. Disease incidence and severity varied widely within and between production regions. Plant and
yield losses were cumulative and the highest incidence recorded was in mature crops in the Sydney region having over 75%
of plants affected. Fusarium oxysporum f.sp. cucumerinum and any of four Pythium species were identified as the causal
pathogens. This report details taxonomic determination and pathogenicity of isolates of eight Pythium species from this
study. P. aphanidermatum and P. spinosum were demonstrated to cause high levels of cucumber seedling death in
pathogenicity experiments while isolates of P. irregulare and P. ultimum displayed variable pathogenicity. Four other
Pythium species did not cause plant mortality, although three are known to be pathogens on other hosts. Notably P.
recalcitrans, a recently described species, was identified and represents a new host record on cucumbers worldwide and a
new record to Australia.
INTRODUCTION
Pythium species are commonly found associated with
root rots of greenhouse cucumbers worldwide. High root
zone moisture levels, excess salts and small root volumes
can lead to physiological stresses that particularly favour
diseases caused by pathogenic Straminipila such as Pythium
species Low microbial populations and diversity found in
soilless substrates or fumigated soil is sometimes described
as a ‘biological vacuum’ that lack antagonistic microbes
which ‘buffer’ the rhizosphere from plant pathogens.
Soilless systems also favour the formation and dispersal of
zoospores produced by several Pythium species.
In her monograph on the genus Pythium, PlaatsNiterink (1), cited 15 species with host records on
cucumber. Herrero et al. (2) reported 12 species from
greenhouse cucumbers in Norway. This report details the
first study of Pythium species associated with root rot of
greenhouse cucumbers in Australia.
MATERIALS AND METHODS
Surveys were conducted of cucumber crops in key
greenhouse production areas of NSW, South Australia,
Queensland and Western Australia. One hundred and fifteen
Pythium isolates from the surveys were characterised by
morphological, physiological, and genetic studies. Initial
taxonomic determination was based upon the key of PlaatsNiterink (1) that uses colony characteristics and cardinal
temperatures together with morphology and orientation of
vegetative hyphae, appressoria, and asexual and sexual
reproductive structures.
Fourteen Pythium isolates representing each of the
morphological groups were selected for amplification of
their ITS regions of ribosomal DNA using the universal
primers ITS1 and ITS4 (3). Forward and reverse DNA
sequences were edited then compared with known
sequences deposited in GenBank (4).
Pathogenicity of Pythium species to cucumber. cv.
Deena was determined on seedlings that were raised in rockwool propagation blocks and transplanted into coir medium.
Ten seedlings were evenly spaced in each bag, that were
placed in randomised complete blocks on benches in a
greenhouse with six replicates per treatment. Plants were
maintained at a diurnal air temperature range of 22-33oC
with a relative humidity between 40-60%. Pythium
inoculum was prepared by macerating 7 d PCA cultures in
sterile RO water. Aliquots (200 mL) of each inoculum were
poured evenly around the bases of cucumber seedlings in
each bag. Pythium propagule concentrations were estimated
by the most probable number technique (5). Permanently
wilted plants were recorded every 4 d for 32 d after
inoculation, when the final counts of wilted plants were
made. Sub-samples of roots from permanently wilted plants
7th Australasian Soilborne Diseases Symposium

were surface-sterilised and plated on PCA to confirm
identity of the causal pathogens. Proportional permanent
wilt data from each replicate were analysed using a
generalised linear model (6) with errors assumed to follow a
binomial distribution.
RESULTS AND DISCUSSION
Eight species were isolated during this study and
identified using morphological, physiological and genetic
analyses: P. aphanidermatum (Edson) Fitzpatrick, P.
coloratum Vaartaja, P. irregulare Buisman, P. mamillatum
Meurs, P. oligandrum Drechsler, P. recalcitrans Belbahri &
Moralejo, P. spinosum Sawada, and P. ultimum Trow var.
ultimum Trow.
Isolates of P. irregulare, P. aphanidermatum, P.
ultimum and P.spinosum were shown to cause significant
root rots resulting in >80% of plants wilting within the 32 d
of the pathogenicity experiment. While this high level of
pathogenicity was consistent for both isolates of each of P.
aphanidermatum and P.spinosum tested, it was restricted to
only one of the three P. irregulare isolates and one of the
five P. ultimum isolates tested. The remaining isolates of
both P. irregulare and P. ultimum caused visible wilt
symptoms on <20% of plants. P. irregulare isolates were
also shown to vary significantly in pathogenicity in the
study of Herrero et al. (2). Intraspecific variation in
pathogenicity was also previously reported for P. irregulare
and P. ultimum on parsley (7).
Isolates of other Pythium species tested were nonpathogenic or minor pathogens under these experimental
conditions. However, the seedling pathogenicity test used
here may have underestimated potential yield losses given
that Pythium species can also reduce plant growth without
visible root rot (2), pathogenicity may vary with ambient
temperature (2) and the nutritional status of the medium
used to produce inoculum (8). Therefore it is possible that
experimentation with culture-produced inoculum may not
parallel the behaviour of pathogen inoculum produced
under natural conditions in a commercial environment.
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ABSTRACT. The aim of this study is to
t investigate thhe difference in
n microbial diveersity in healthyy and Ganoderm
ma infected
P
the information off microbial diveersity can be used to study thhe interaction between
b
the
oil palm trrunk tissues. Potentially,
microbial flora and pathoogen at the onsset of basal stem
m rot disease. Three primer sets
s that ampliffy the 16S and 18S rRNA
k tissue. The am
mplicons were separated via DGGE
D
and
region were employed too generate ampplicons from miicrobes in trunk
subsequenntly used in sequuencing analysiis. Public domaain database seaarches providedd the possible hoomology to the sequences.
Results foor most isolatess comprised off microbial straains commonly
y found in plannts and freshwaater sources inccluding the
pathogen itself
i
(Ganoderrma spp.).
INTROD
DUCTION
Basal stem
m rot (BSR) caaused by Ganoderma boninennse is a
major threat to the cultivvation of oil paalms in the Soutth East
Asia, esppecially in Malaaysia and Indoonesia. The diseease is
usually faatal, leading too great losses inn oil palm fressh fruit
bunch yieelds and profitts. Despite beinng first reporteed way
back in 1931, the infecttion process byy this pathogen is still
u
Developments in molecular
m
technnology
not well understood.
have ennabled researchers to exam
mine the miccrobial
community to ascertainn whether enddophytes and the
t
G.
boninensee pathogen interact during the infection proceess.

Sequ
uence homologgy From sequuencing results (Table 1),
not all
a the producedd sequences haad unique homolog in the
GenB
Bank database.. Two bands from the fungal primer
amplicons correspoonded to oil ppalm 18S rRN
NA (Eleais
oleifeera); another four had oveerlapping homo
ologies. In
addittion, two bands from the Gaanoderma specific primer
were unable to be iddentified. As for the bacterial primer
p
sets,
wn to be uncultuured bacterium
m.
all reesults were show

MATERIIALS AND ME
ETHODS
DNA exttraction The metagenomic DNA was exxtracted
using thee FastDNA SP
PIN Kit (Catallog # 6560-200, MP
Biomediccals, USA).

Samp
ple
Healtthy
palm
m

nd infected
Tablle 1. Microbial communities in healthy an
palm
ms using differennt primer sets (ttarget region).
Target region
r
18S

Identiity
Cochlliobolus cynodo
ontis strain
NBRC
C 9793, Fusariu
um
oxysporum isolate K9
9,
Dothiddeomycete sp. P and
Kirschhsteiniothelia elaterascus
e
strain A22-5A
Ganodderma fornicatu
um isolate
M3899
Unculltured soil fungus clone
120600807(HL5) (HT
T)
UMSb (all
Ganodderma sp. BRIU
tissue)), Ganoderma fornicatum
f
isolatee M389 (RT) an
nd
Ganodderma weberian
num (TZ)

plification of 16S
1 and 18S rR
RNA Primer set GCPCR amp
PRBA3388f and PRU
UN518r weree used for direct
amplificaation of the 16S rRNA. Primerrs GC-FR1 and FF390
were usedd to amplify 18S
1 rRNA and Ganoderma specific
primer (1) for Ganoderm
ma sp. Amplificcation was perfformed
NAzymeTM II DNA
in 50µl PCR mixturre with DyN
polymeraase (Finnzymess, Finland) ass per manufaccturer’s
recommenndation. The targeted
t
regionn was amplified via
touchdow
wn PCR with annnealing temperrature of 55°C.

Infeccted
palm
m

DGGE an
nalysis of the fungal
f
and baccterial commun
nity
DGGE was
w performed with
w 8% polyaccrylamide gel of
o 40 –
80% denaturing gradiennt (50V for 200h) using the BioRad
B
p
accordding to
Dcode syystem where reeagents were prepared
the manuual (2). After electrophoresis,
e
, the gel was stained
s
with 0.01% (v/v) SYBR
R® Gold stain inn 1× TAE bufffer and
V translumination. The DGGE
E bands
viewed unnder 302nm UV
were purrified and reaamplified priorr to sequencing by
Macrogenn Inc. (Korea). Gene homologgy search were carried
c
out
NCBII
daatabase
using
(http://blaast.ncbi.nlm.nihh.gov/Blast.cgi)).

DISC
CUSSION
Gano
oderma specificc amplification
n
The DGG
GE results
demo
onstrated that there
t
were moore than one Ganoderma
G
isolatte in the infectted palm. This would infer that different
patho
ogens may woork synergisticaally with one another or
each of it is capablee of instigating tthe BSR diseasse (multiple
infection or clonal innfection). One of them may allso possibly
be saaprophyte, feedding only on deead tissues afteer infection
by th
he other(s).

RESULT
TS
DGGE analysis
a
Twelvve bands were recovered froom the
fungal priimer set, five from
f
the bacterial primer set and
a ten
from Gannoderma specifiic primer set (F
Fig. 1).

Figure 1.
1 Bands exccised and sequuenced from vertical
v
denaturinng gel (a) 16S primer
p
set, (b) 18S
1 primer set and
a (c)
Ganoderm
ma specific prrimer set. Heallthy palm - Lane
L
1:
Healthy tissue.
t
Infected palm - Lane 2:
2 Rotted tissuee (RT);
Lane 3: Healthy
H
tissue (H
HT); Lane 4: Disease
D
transitioon zone
(TZ).
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Ganoderrma
specific (1)
(
18S
Ganoderrma
specific (1)
(

Micrrobial diversityy analysis D
DGGE profiless revealed
that healthy palms harboured grreater microbiaal diversity
comp
pared to Ganodderma-infected oil palm tissu
ue. Most of
the microbial
m
speccies identified in healthy tiissue were
comm
monly associateed with plantss or of freshwaater origin.
These findings serrved as a preliminary stud
dy for the
invesstigation on the
t
potential role of endo
ophytes on
Gano
oderma infecttion, i.e, sym
mbiotic or antagonistic
a
relatiionship. Further work is beinng carried out to
t ascertain
the plausible interacctions among thhese microbes.
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RHIZOCTONIA SOLANI AG3 DNA LEVELS IN THE PRESENCE OF POTATO
T. J. Wiechel and F. Richardson
Biosciences Research, DPI Victoria, Knoxfield. Tonya.Wiechel@ dpi.vic.gov.au

ABSTRACT. Rhizoctonia disease of potato is caused by Rhizoctonia solani AG3 and can reduce plant emergence and cause
stolon pruning and stem canker symptoms and misshapen tubers with uneven size distribution. Black scurf of tubers is due to
the production of sclerotia by the fungus on tubers which reduces the marketability of the crop. A DNA test for Rhizoctonia
AG3 in pre planted soils has not provided a reliable indication of disease. A greenhouse experiment was carried out to
investigate if the presence of a potato plant stimulates the germination and growth of R solani AG3 sclerotia. The experiment
used field soil and potting mix and was planted with Russet Burbank and Shepody tissue culture plantlets or left empty as a
control. Soils were either left uninoculated or inoculated with 5 sclerotia per pot. Soil was harvested fortnightly for 8 weeks
and AG3 inoculum measured using qPCR. No AG3 DNA was detected unless medium was spiked with sclerotia. In field
soil, AG3 DNA was greatest without a plant present. In potting mix, AG3 DNA was greatest under Shepody. In both field
soil and potting mix, AG3 DNA decreased over time. These results have demonstrated that the presence of potato plants does
not increase fungal biomass accumulation overtime.
INTRODUCTION
Rhizoctonia disease of potato is caused by Rhizoctonia solani
AG3 and can reduce plant emergence and cause stolon
pruning and stem canker symptoms and misshapen tubers with
uneven size distribution. Black scurf of tubers is due to the
production of sclerotia by the fungus on tubers which reduces
the marketability of the crop. Pre plant pathogen DNA tests of
field soil enable farmers to make informed decisions prior to
planting their crops and reduce the amount of resulting
disease. Under field conditions, tests for Rhizoctonia AG3 in
pre planted soils detect very low levels of the pathogen.
Despite this, disease develops during the growing season if
conditions are conducive (1). As R. solani is attracted to root
exudates (2), the addition of potato plants may act by
stimulating germination and accelerating fungal biomass
accumulation. A replicated greenhouse trial was established to
investigate if the presence of a potato plant stimulates the
germination and growth of R. solani AG3 sclerotia.
MATERIALS AND METHODS
Sclerotia were collected from the tubers of artificially
inoculated Russet Burbank (RB) plants after 8 weeks.
Black plastic pots (500 ml capacity) were filled with either
250g potting mix or 500g field soil. Four week old tissue
cultured plantlets of RB and Shepody were planted into the
centre of the pot. Five sclerotia were placed equidistance
around the plant in a circular arrangement. The experiment
was laid out in a randomised block design with 5 replicates.
Pots were harvested fortnightly for 8 weeks. Shoots of each
plant was separated by cutting at the media surface. The entire
contents of the pot (including plant roots) were bagged for
DNA extraction and inoculum quantification by qPCR at
SARDI. Rhizoctonia AG3 DNA pg/g media was analysed by
ANOVA using Genstat.
RESULTS
No AG3 DNA was detected unless medium was spiked with
sclerotia. In field soil, AG3 DNA was greatest without a plant
present then under RB (Table 1). In potting mix, there was a
significant harvest by variety interaction with Shepody at
week 2 having the greatest AG3 DNA (Table 2). In general, in
both field soil and potting mix, AG3 DNA decreased over
time.

Table 1. Effect of tissue culture plantlets on the
accumulation of AG3 biomass in field soil over 8 weeks
as measured by DNA pg/gram soil.
Week
RB
Shepody
Unplanted
2
19
0
27
4
0
0
11
6
3
0
18
8
1
0
7
P=0.05
ns
ns
ns
Table 2. Effect of tissue culture plantlets on the
accumulation of AG3 biomass in potting mix over 8
weeks as measured by DNA pg/gram soil.
Week
RB
Shepody
Unplanted
2
4
6
8
Lsd 0.05

26
7
1
1
ns

149a
24b
11b
8b
119.5

11
3
5
5
ns

DISCUSSION
These results have demonstrated that the presence of
healthy potato plants does not increase fungal biomass
accumulation overtime. Others have found that exudates
from roots damaged by potato cyst nematode (PCN)
increased the growth of R solani AG3 in vitro. Higher
levels of sucrose were found in the root exudates of PCN
infested than uninfested plants (3). Because the
experiment was carried out in a glasshouse this
conclusion remains to be verified by field evaluations.
ACKNOWLEDGEMENTS
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BREAK CROPS TO REDUCE ROOT KNOT NEMATODE DAMAGE ON
POTATOES
C. Wilkinson, S. Kelly, X. Zhang, J. Teasdale, L. DeBrincat, V. Vanstone, H. Hunter and S.J. Collins
Department of Food and Agriculture Western Australia, South Perth, carla.wilkinson@agric.wa.gov.au

ABSTRACT. Root knot nematodes (RKN, Meloidogyne spp) are a major cause of income losses to the Australian vegetable
industry. In potatoes, RKN causes both yield reduction and galling, which may lead to fresh market rejection. Most growers
in Western Australia (WA) rely on soil fumigants for control of RKN. These chemicals are expensive, non specific, may soon
become unavailable in Australia and biodegrade in high use areas. To investigate alternatives to chemical control we
conducted a trial using eight potential break crops to reduce nematode numbers and tuber damage by RKN on a subsequent
potato crop (Ruby Lou) grown in Spearwood Sands at Medina, WA. Break crops tested were oats (Swan), sorghum (Jumbo),
rhodes grass (Katambora), millets (Shirorie and Nutrifeed), subclover (Trikkala), mustard (yellow) and field pea (Dunwa).
Oats and sorghum were resistant to the RKN species tested and may be effective break crops. Rhodes grass, millet and
mustard were moderately susceptible. The highest numbers of RKN eggs were collected from subclover and field pea roots
indicating that these crops would not be effective break crops for RKN. Results from the potato harvest will determine if
planting resistant break crops in RKN infested soils leads to an increase in quality and yield of the subsequent potato crop. A
similar trial will be conducted in Manjimup, WA.
INTRODUCTION
Plant-parasitic nematodes in Australia cause significant
losses to the vegetable industry. The most destructive genus
affecting vegetable and potato crops is Meloidogyne or root
knot nematode (RKN). A pre-plant survey of 28 vegetable
growing paddocks in WA (Lancelin to Pemberton) in 2011
detected RKN in 70% of the paddocks sampled. Species
isolated were M. hapla, M. fallax and M. javanica. Plant
varieties vary in their susceptibility to RKN and it is thought
that crop rotation may be utilised to decrease nematode
numbers in the soil prior to planting a susceptible vegetable
crop.
Chemical options for nematode control in vegetable
crops are becoming limited due to cost, broad spectrum
toxicity and reports of biodegradation. Future nematode
control is likely to become reliant on an integrated approach
which minimises chemical use and relies on closer
monitoring of nematode levels, hygiene and rotation with
break crops. In this paper we present the results of a trial
investigating the use of eight potential break crops to reduce
damage by RKN on a subsequent potato crop grown at a
research station in Medina, WA.
MATERIALS AND METHODS
Initially 22 plant varieties were assessed for their resistance
to M. hapla, M. incognita and M. javanica in glasshouse
trials. We then chose eight varieties (Table 1), which varied
in resistance, to test in a field situation. Commencing in
November 2011 in Medina (Spearwood Dune sand), break
crops were planted and planting of the subsequent potato
crop coincided with plantings by commercial growers. No
plant parasitic nematodes were isolated from the soil prior to
inoculation. The experimental area (72m x 12m) was split
into 48 plots (2.4m x 6m). The eight break crop species were
either inoculated with RKN or left uninoculated, There were
three replicates of each treatment. Plots were inoculated
with a mixed population of approximately 600 eggs/L of soil
of M. hapla, M. incognita and M. javanica one day prior to
planting of the break crops. Fifteen weeks after sowing (Feb
2012) 10-20 plants were randomly collected from each plot.
From a subsample of roots, the number of eggs/g of dry
roots was calculated. Soil was sent to SARDI for DNA
assessment.
After sampling, all crops were slashed and removed and
the remainder was ploughed into the plots. In March 2012 a
potato crop (Ruby Lou) was planted using common practice
for fertiliser and disease control. This crop will be harvested
in mid-August and assessed for yield and galling.
RESULTS
No RKN DNA was detected in any uninoculated plot or any
plot sown with sorghum. No eggs were detected on root
7th Australasian Soilborne Diseases Symposium

samples from oats and sorghum plots (Table 1). Low egg
numbers were detected on the root of rhodes grass, millet
and mustard, indicating that nematodes were able to
reproduce at low levels in these crops. No eggs were
detected in two plots planted with millet (Nutrifeed),
however in the third plot there were relatively large numbers
of RKN detected. Subclover and field pea were relatively
susceptible to RKN.
Table 1. Crops assessed for resistance to a mixed population
of M. hapla, M. incognita and M. javanica (RKN) in a field
trial.
Crop type

Variety

Seed
rate
(kg/ha)

RKN
(eggs/g
roots)

RKN
DNA
in soil

Oats

Swan

120

0

Y

Sorghum

Jumbo

10

0

N

Rhodes
Grass

Katambora

75

8

Y

Millet

Shirorie

10

53

Y

Mustard

Yellow

5

242

Y

Millet

Nutrifeed

10

525

Y

Sub Clover

Trikkala

25

1904

Y

Field Pea

Dunwa

100

2476

Y

DISCUSSION
Of the crop species tested in this trial, vegetable growers in
WA are commonly using field peas, oats, subclover and
millet as break crops. Our results indicate that field peas and
subclover are relatively susceptible and may actually cause
an increase in RKN numbers. Millet, especially Shirorie,
was less susceptible and may be an effective break crop.
Swan oats and Jumbo sorghum were resistant to the RKN
species tested and may be effective crops to reduce
nematode numbers between susceptible vegetable crops.
Results from the potato harvest will determine if
planting resistant break crops can decrease the number of
diseased tubers, or improve yield, of the subsequent potato
crop.
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ROOT ROT IN SPINACH CROPS IN WESTERN AUSTRALIA
D.G Wright, A. Reid, M. Banovic and T. Shimmin
Department of Agriculture and Food, Western Australia, dominie.wright@agric.wa.gov.au :

ABSTRACT. Western Australian baby leaf spinach growers experienced losses of up to 80% in crops due to wilting and
collapse of the plants during the summer of 2010 / 2011. In previous years, some losses were observed under warm weather
conditions, however, during this particular summer losses increased dramatically. Baby leaf spinach crops are grown all year
round and usually in rotation with other leafy vegetables such as with rocket and gourmet lettuce. A scoping study was done
to determine if the cause was a plant pathogen and if so which pathogens maybe involved in the collapse of the spinach. All
affected spinach growers were interviewed and their cropping history, fertiliser programs, varieties grown, rotations and
chemicals used were recorded. Soil and plant samples were taken from growers properties and tested for fungal root
pathogens. Soil samples collected from sites that grew spinach were used in glasshouse trials and planted with spinach seed.
Seedlings were monitored on a weekly basis and samples were taken as the plants started to wilt. Samples were plated onto
selective and non selective media to determine what pathogens were present. A range of fungal root pathogens were detected
infecting the spinach seedlings including; Pythium spp., Rhizoctonia solani and Fusarium oxysporum. Three Pythium spp.,
were identified morphologically and by molecular analysis to be involved in the collapse of the seedlings and included; P.
aphanidermatum, P. irregulare and P. ultimum.
INTRODUCTION
During the summer of 2010 / 2011, Western Australian baby
leaf spinach (Spinacia oleracea) growers experienced losses
of up to 80% in crops due to wilting and plant collapse. In
previous years, some losses were observed under warm
weather conditions, however, during this particular summer
losses increased dramatically. Baby leaf spinach crops are
grown all year round, and usually in rotation with leafy
vegetables such as rocket and gourmet lettuce. Crop
duration is short and plants are harvested 21-28 days after
establishment during the summer months.
A scoping study was funded by Vegetables WA and
APC (Agricultural Produce Commission) to determine
which pathogens maybe involved in the collapse of the
spinach.
MATERIALS AND METHODS
Soil samples were collected from each of the sites (8)
that grew spinach and suffered losses in the previous year.
Six replicate pots from each soil sample were sown with
spinach seed (RZ 51-324) and placed in a growth cabinet at
25ºC night and 30ºC day temperature, and 14 hour day
length. This was to replicate the conditions out in the field
during the production of the spinach. The pots were watered
regularly by hand and fertilised weekly with Aquasol™ at
label rates.
As the seed germinated the seedlings were monitored
on a weekly basis for signs of wilting and collapse. These
plants were removed for examination and testing using
water agar plus aureomycin (WA+A), and a semi-selective
media for Pythium (PARP (CMA base)) for detection of
fungal pathogens.
The soil samples collected from the eight sites were
baited for Pythium and Phytophthora using Eucalyptus
sieberi cotyledons before plating onto semi-selective media
PARP (CMA) and PARPH (V8).
The soil samples were also tested for nematodes, using
the whitehead tray extraction method (1). A further four
sites identified were also tested for nematodes.
Pythium species isolated were identified to species
level using morphological characteristics and molecular
analysis for confirmation using ITS1 and ITS4 primers.
RESULTS

A range of fungal pathogens were isolated from the roots of
spinach seedlings grown in the soil samples in the growth
cabinets. These include: Rhizoctonia solani, Fusarium
oxysporum and Pythium spp. These fungi were isolated
from the roots either singly or in combination from seven of
the eight sites.
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No Phytophthora was detected in any of the soil
samples baited with E. sieberi. Pythium spp. were detected
in seven of the soil the samples.
Low levels of plant pathogenic nematodes were
detected in four of the soil samples tested. These were
Meloidgyne sp. (Root knot nematode) and Heterodera
schachtii (Beet cyst nematode).
Three different Pythium spp. were detected within the
spinach crops sampled and the soil samples collected. These
were identified as P. aphanidermatum, P. irregulare, and
P. ultimum.
DISCUSSION
This scoping study has shown that three soil-borne fungal
pathogens (R. solani, F. oxysporum and Pythium spp.) are
involved in the root rot of spinach. These fungi are either
infecting the spinach individually or in combination causing
a root rot complex resulting in plant wilting and collapse.
The identification of the three different Pythium species
in the soil is not unusual, as all of these species have been
recorded as causing root rots in spinach in the USA, China
and other countries. However, they have not been recorded
previously in Western Australia on spinach crops.
Interestingly, all of these species have different temperature
requirement for infection. They all have high moisture
requirement which occurs during the growing season as the
crops are under irrigation.
The identification of nematodes in the spinach crops is
of concern. A high number of H. schachtii was detected on
one of the farms and was responsible for the failure of that
spinach crop. Many of the growers were unaware that they
had nematodes in their crops. These growers will need to
consider their crop rotations to reduce the risk of crop failure
due to nematodes.
Further work is required to determine the aetiology and
epidemiology of this root rot complex. Understanding of
these factors will allow the development of suitable
strategies to reduce the risk of crop failure during the
summer months.
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POPULATION STRUCTURE OF RHIZOCTONIA SOLANI AG-1-IA, THE RICE
SHEATH BLIGHT PATHOGEN, FROM THE NORTH OF IRAN
J. ZadA, S. JafarpourB and M. Javan-NikkhahB
Department of Agriculture, Islamic Azad University, Karaj branch 3187644511, Iran.Email:sjmycology@Gmail.com.BDepartment of Plant
Protection, University College of Agriculture and Natural Resources, University of Tehran, Karaj 31587-11167

A

ABSTRACT. Rhizoctonia solani (Kuhn) is an important soil born pathogen of rice and the most widespread plant pathogenic
fungi in many rice growing regions including the north of Iran. Very limited studies on the genetic diversity of this fungus
have been carried out so far in Iran. This fungus was isolated from stubbles and sheath blight lesions on plant in different
fields from northern rice-growing regions of Iran. Genetic diversity among 30 isolates belonged to AG-1-IA were determined
by analyzing RAPD-PCR using five random primers. RAPD fingerprinting analysis of the isolates determined three
fingerprinting groups at 85% similarity level. No correlation was observed between RAPD clustering and geographical
origins and Very distantly separate isolates showed high level of similarity in banding pattern. Considering to the high level
of similarity among isolates of rice sheath blight populations, the asexual stage is probably viewed as predominant in the life
cycle of the organism in Iran.
INTRODUCTION
Rice sheath blight caused by Rhizoctonia solani AG-1-IA is
an important rice disease complex occurring in most riceproducing areas of the world including Iran. It has been the
subject of several population studies measuring variation
based on, RFLP (Rosewish et al., 1999; Linde et al., 2005),
rep-PCR (Linde et al., 2005), ITS-5.8s rDNA (Ciampi et al.,
2005), RAPD (Pascual et al., 2000). Very limited studies,
on the genetic diversity of rice sheath blight pathogen have
been carried out So far in Iran. The aims of this study were
to investigate the diversity of R. solani within anastomosis
group AG-1-IA field populations on rice using RAPD
markers to obtain a clear picture of relationship between
Iranian isolates and to assess the sensitivity of this marker
for studies at this taxonomic level.
MATERIALS AND METHODS
Rhizoctonia solani specimens were collected from different
fields in Northern rice growing areas of Iran, Guilan and
Mazandaran provinces. Sampling was carried out randomly
from each selected fields. Both of mentioned provinces are
characterized by humid weather. Two anastomosis tester
isolates from each subgroup AG-1-IA and IC were used for
genetic comparison with rice recovered isolates. Hyphal
anastomosis reactions of Iranian field isolates with tester
strain AG-1-IA were assessed according to categories
described by carling et al., (1996).. Genomic DNA of each
30 isolates from Guilan and Mazandaran provinces with two
AG-1-IA and AG-1-IC was extracted according to Pascual
et al., (2000) with some modifications. The RAPD–reaction
was carried out using five random primers:OPR-06-5′GTCTACGGCA-3′,OPR-04-5′-CCCGTAGCAC-3′,RC095′-GATAACGAGCA-3′,R-28-5′ATGGATCCGC-3′ ,P145′-CCACAGCACG-3′
RESULTS AND DISCUSSION
PCR reaction with the five random primers gave
amplification products that generated reproducible
monomorphic and polymorphic DNA pattern in the size
range of 0.4-1.9 Kb.UPGMA clustering analysis of the
isolates allowed grouping of AG-1-IA, IC into distinct
clusters and resolved three distinct groups of AG-1-IA at the
85% similarity level. More than 90% of Rice isolates
clustered in one group (n = 28) and just two other rice
isolates in two distinct clusters. There was no considerable
polymorphism within AG-1-IA of R. solani, as detected by
RAPD analysis, in Northern regions of Iran.All of the
isolates in our study have been obtained exclusively from
rice and from the same weather conditions. Both
Mazandaran and Guilan provinces have humid weather
therefore it can lead to this high level of similarity among
the isolates and No correlation was observed between
RAPD clustering and geographical origins. The most
7th Australasian Soilborne Diseases Symposium

important observation from our research was high level of
similarity found among isolates of rice sheath blight
population in Iran. This fungus from rice survives and
disseminated primarily by the asexual reproduction of
sclerotia and vegetative mycelia in crop debris. The asexual
stage is conventionally viewed as predominant in the life
cycle of the organism (Ciampi et al., 2005; Rosewish et al.,
1999).These observations suggest the need, in future
studies, for enlarging the sample size, using another
techniques and host range of this fungus to advance
understanding of genetic diversity within subgroup IA in
Iran. For better evaluation of population variation that exists
in population of the pathogen, the analysis of the other
markers is necessary.
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