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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
e ensure that the efficacy of novel products can be
reliably translated from the lab to the field
e understand and manage product performance in
different parts of the world
e 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.

Degradation

Readily
Desorbed

D (LT

Slowly
Desorbed

<_ Slowly
€+ (Sequestered)

Desorbed
(Chemi-sorbed)

Irreversibly

Sorbed Incorporated

TIME

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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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



REACTION OF SUNFLOWER GENOTYPES TO ARTIFICIAL INOCULATIONS
UNDER CONTROLLED CONDITIONS

R. Ebrahimi®, S. Rahmanpour®, Y. Goosta®, S. Rezaee*, M. Soltani Najafabadi®
ADepartment 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.1.I.), Mahdasht Road, Karaj, Iran.
€ 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.

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.

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 non-
wounded 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.

Inoculation method Lesion length (mm) 2
MP 9.708 B
OAS 8.458 B
WS 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).

Eghalami Mconfeta Oalastar Cmaster

100 - s O - s

o]
o
|

viability (%)
S o))
(e} (e}

N
[}
I

0 - m o o

3days 7days 10days

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

Becelaere, G.V. and Miller, J.F. 2004. Methods of
inoculation of sunflower heads with Sclerotinia
sclerotiorum. Helia. 27 (41): 137-142.

Vear, F., Serre, F., Roche, S., Walser, P. and Tourvieille de
Labrouhe, D. 2007. Improvements of Sclerotinia
sclerotiorum Head rot Resistance in Sunflower by recurrent
selection of a restorer population. Helia. 30 (46): 1-12.

14 days

52



Go to
Table of Contents

EVALUATION OF RELATIVE RESISTANCE IN SOME SELECTED GENOTYPES
MAHLAB (PRUNUS MAHALEB L) DWARFE OF PHYTOPHTHORA SPECIES

A. Falahinejad®, M. Hajian shahri® , S. Rezaee”, M. Karimi shahri® H.Tajabadic
ADepartment 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, Tran.
¢ 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.

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-year-
old 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 (0=1%). One-year-old twigs expressed more
severe symptoms compared whit young twigs. Results
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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)

d
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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).

REFERENCES
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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 north-
castern 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 fdr
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 <15/plant
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.

Tth Australasian Soilborne Diseases Symposium

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.
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MANAGEMENT OPTIONS FOR FUNGAL ROOT ROT IN INDONESIAN
PLANTATION ACACIAS AND EUCALYPTS
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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 forest-
plantation industry in Indonesia with about 1.6 Mha ofe
plantings to this species. As the growing of A. mangium ise
starting to represent a primary source of income for rurale
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
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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 rn3/ha/y
for a site, landowners would harvest 133 m® with a mortality
rate of 30% at age 6. The yield foregone due to root-rot is 57
m’ with a value of US$ 2280 if the price of pulpwood is
USS$ 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 42M USDS$ 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.
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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-a (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.

RESULTS

In November 2011, decline and death of the watermelon

plants were occurred in northern Western Australia. Thé.

disease developed during spring, extended rapidly, disrupted
vascular tissue, and caused severe damage to the crop in late

spring and early summer (Fig.1). Both cultural and.

morphological characteristics of the isolated fungus were
similar to those described for M. phaseolina (IMI1.1970, 28,
P, 275). The two sequences of the ITS1 and ITS2 regions
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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 re-
isolation 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

V.V.S.R. Gupta®, A.C. McKay®, JM.A. Desbiolles®, R.S. Davey®, R. Correll®, K. Ophel-Keller® and D.K. Roget®
ACSIRO Ecosystem Sciences, Glen Osmond SA5064, Australia; ® SARDI, Urrbrae, SA; ¢ University of South Australia, Mawson Lakes SA;
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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.

INTRODUCTION

Rhizoctonia solani Kithn 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.

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 Scm of soil.

R.solani AG8 (pg DNA/ g soil)

0 50 100 150 200

S Em—T

E Row P

3 I ]

g —

£ =025

S nterrow [Grieiee ] ©2.5-5.0

z

8 §5.0-7.5
07.5-10.0

g -

§ Row TS

2 —F—

g\n(er—row I

Figure 1. The effect of cultivation on the R. solani AG8
inoculum levels in surface soil (Alfisol; Mallee sand) within
a wheat crop at 6 wks at Waikerie, SA. 3.
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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 semi-
decomposing organic material, (ii) drier soil environment
hence less competition from other microorganisms and (iii)
favourable CO,:0, 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.

R. solani AG8 (pg DNA/g soil)
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Figure 2. Distribution of R. solani AGS8 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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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.

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.

MATERIALS AND METHODS
Experiment 1: 200g of sterile pre moistened millet was
inoculated with P. irregulare, incubated for 7-10 days then

medium or large and the disease severity rated as previously
described.

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).

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)
-Pythium 39% 189 450
+ Pythium 25% 92 399
P<0.05 P=0.005 P=0.08

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 un-

inoculated 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 ~10° 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 ten”
days after planting. The number of dead plants was counted

at 10 days and 3 weeks after planting. At 8 weeks afteg )
planting the comparative size of plants was rated as small,

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.
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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.

Soil Mean 1% % Plant death after planting Plant size at 8 weeks Canker severity at 8
inoculum leaf length 10 days 3 weeks %stunted %large weeks
(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 2.9 - - - - 143
(P=0.05)
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FISHING FOR PHYTOPHTHORA FROM WESTERN AUSTRALIA’S
WATERWAYS: ADISTRUTION AND DIVERSITY SURVEY

D. Hiiberli *5, G.E.St.J. Hardy®, D. White®, N. Williams® and T.I. Burgess®
ADepartment 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.

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
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.
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EVALUATION OF FUNGICIDES FOR MANAGING SCLEROTINIASTEM ROT IN
CANOLA IN WESTERN AUSTRALIA

R. Khangura® and W.J. MacLeod ®
ADepartment 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.

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.

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, R* = 25%, df = 17).
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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 35 114 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
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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.

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.
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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

T. Klein®, L. May*, R. Battaglia®, and P. Holmes®
A 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.

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

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;
R?=0.302; P=0.0001).
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Table1l. Effect of seed treated with Dividend or
Vibrance on Rhizoctonia bare patch severity and yield, in
comparison with untreated seed.

Treatment Rhizoctonia® Yield (t/ha)
Treated Seed 1.77a* 3.349a
Untreated Seed 2.13b 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

(T/ha)
B O

Yield

untredserd 253137 4349556167 7379

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
Thank you to Peter Hamblin and staff of Kalyx, Young, NSW who
undertook the trial work.

REFERENCES
1. Amos, N.D. (2009) Syngenta Report Number W09-128.

61



Go to
Table of Contents

COLONISATION PATTERNS OF A MCHERRY-TAGGED PECTOBACTERIUM
CAROTOVORUM SUBSP. BRASILIENSIS STRAIN IN DIFFERENT POTATO CULTIVARS

G.C. Kubheka *, A. Hall B, T.A. Coutinho” and L.N. Moleleki *
ADepartment 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

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-Pch 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.

INTRODUCTION showed no difference in the amount of bacteria 6 cm below the

The newly identified Pectobacterium carotovorum subsp. point of inoculation. HOWGYGI‘, the arpount of bacteria re.covered
brasiliensis (Pch) is of economic importance in the South African from mother tubers was significantly higher for the susceptible than
potato industry and was shown to be more aggressive than P. th; tplerant cultlvar.. The CLSM fur.ther locallseq Pcb colonisation
atrosepticum in causing tuber and stem soft rot discases however Within the xylem tissue, often leading to _OCCIUSIOH Of: the vessels
reasons for this are unknown (1, 2). The most important route of (Fig. 1B). This was similar to studies of Dickeya solani, where this
infection by Pectobacterium spp. is through latently infected seed Pathogen was also observed to translocate downwards and
tubers. However, it is also possible that insects, wind or water colonise xylem vessels of potato plants however, there was no
may transmit and infect aerial parts of potato plants, possibly comparisons of cultivars (3).

disseminating the bacteria downwards to roots and progeny tubers.

A

Fluorometer...

There are various strategies that have been suggested as control

measures against soft rot Pectobacterium infection of potato plants 100

and one such example is the use of resistant cultivars. In terms of

-

understanding of cultivar tolerance differences with respect to -%

colonisation patterns, particularly those of the newly identified Pcb. 10 A

Understanding differences in colonisation on stems with different

tolerant levels may help mitigate aerial and subsequent tuber

strains tagged with a mCherry fluorescent protein and b) 1 Time tdaysp Figure 1. A) Plasmid stability
compare colonisation patterns of mCherry-tagged Pcb (mCherry- of the mCherry-Pch strain
Pcb) strain in stems of two potato cultivars with different levels of maintained in LB broth with (black) and without (red) antibiotics
resistance to Pcb. for 25 days. B) Confocal microscopy images illustrating the

resistance occurring on stems, there is currently limited
infections. Therefore, the aim of this study was to a) develop Pch 14 T
mCherry-Pcb strain colonising xylem vessels of potato plants.

MATERIALS AND METHOD

A mCherry fluorescent protein was transformed into Pcb1692. In Drawing from the results of this study, it would seem that the use
vitro growth rate and maceration ability of the tagged strain was of tolerant potato cultivars may reduce transmission of aerial
compared to that of a wild-type strain. The stability of the infections to progeny seed tubers and thus serve as a control
mCherry-carrying plasmid under non-selective conditions was measure against Pcb infecting potato plants.

determined with the aid of a fluoroscan. Three potato cultivars

BP1, Bufflespoort and Valor were evaluated for tolerance to Pcb REFERENCES

and two of the cultivars representing the most resistant and Daurte, V. et al (2004) Journal of Applied
susceptible were selected for further studies on colonisation and ... - ogy 96: 533-545

bacterial migration through the plant. Stems of potato plants wege p.. v arquez-Villavicencio, M. et al. (2011) Plant Discase
inoculated 10 cm above soil level with 10° CFU/ml of the mCherry- 95(3): 232 — 241 ’

tagged Pcb strain. Samples were collected 6 cm above and belo . : . _
the point of inoculation at 3, 6, 9, 13, 17, 21 dpi. Pch populatiogvri 1C1Z§J7kOWSkl’ R. et al. (2010) Phytopathology 100(11): 1128
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.

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. Linsell*, A.M. Stirling®, D. Hartley®, A.C. McKay” , G.R. Stirling®, and K.M. Ophel Keller*
A South Australian Research & Development Inst, SA. katherine.linsell@sa.gov.au:
5 Biological Crop Protection, QLD
€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.

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.

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.

RESULTS AND DISCUSSION 1.
Results of manual nematode community analyses (Table 1)
indicate that management practices have a major impact ¢h
the biological status of soils. Although some sites/treatmenss
had >20 FLN/g soil and more than 1% of the nematode
community were omnivores and predators, there were many

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).

Table 2. FLN DNA probe specificity and sensitivity

Probe Specificity Sensitivity
(FLN/g soil)
Dorylaimida Dorylaimidae, Belondiridae, 0.01
(FLN & PPN) Aporcelaimidae & Qudsianematidae,
Longidoridae & Trichodoridae
Dorylaimida Dorylaimidae, Belondiridae, 0.01
(FLN Only) Aporcelaimidae & Qudsianematidae
Mononchida Mononchidae & Diplogasteridae 0.01
Aphelenchidae Aphelenchidae but not  Not Tested
Aphelenchoididae
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Table 1. Impact of various treatments on the FLN community at 9 field trial sites across Australia

State  Site Soil Type Treatments Results
SA Minnipa & Avon Sandy Loam Rhizoctonia Suppressive; higher Dorylaimida, Fungivores, MI & SI
Suppression
Waikerie Sandy Loam Wheat/Pasture ~ vs ~ Wheat/Pasture; higher Dorylaimida, SI & MI
Wheat/Wheat

VIC Horsham

QLD Warwick

WA Liebe

Cunderdin & Mingenew

Wongan Hills

Self Mulching Clay

Clay

Yellow Sand

Red Sandy Clay

Sand

Rotations & Tillage
Continuous Wheat
Tillage & Stubble

Organic Matter

Additions

Cereal & Pasture
Rotations

Fertiliser (Lime)

Despite rotation, CT higher total FLN & Dorylaimida than RT & NT
No difference between CT or NT

Stubble burnt; higher Dorylaimida & Mononchida than retained
FLN low in all treatments compared to sites in SA, VIC and QLD

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

Lime addition; higher Fungivores, MI & SI
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SUSCEPTIBILITY TO SCLEROTIUM ORYZAE AND RHIZOCTONIA SPP. OF
URUGUAYAN RICE CULTIVARS

S. Martinez* and F. Escalante®
AINIA Treinta y Tres, CP 33000, Treinta y Tres, Uruguay. Email: smartinez@tyt.inia.org.uy.

ABSTRACT. Eight common Uruguayan lines and rice cultivars were tested for susceptibility to Sclerotium oryzae and
Rhizoctonia spp. in order to establish a baseline of knowledge about the response of these cultivar to these pathogens. The
evaluation was conducted in two experiments at two times of inoculation and two disease rating times. The experiments were
conducted in plastic pots under glasshouse with controlled conditions. Tillers were inoculated with agar discs containing
active mycelia and sclerotia of S. oryzae (ten strains) and Rhizoctonia spp. (eleven strains). In the first experiment, tillers
were inoculated 75 days after sowing and disease severity rated at 6 weeks. In the second experiment, tillers were inoculated
4 weeks after sowing and disease severity rated 3 month after inoculation. All the cultivars were susceptible to S. oryzae
independently of the time of inoculation and disease rating time. High disease ratings were found at 6 weeks as the disease
progress fast after inoculation being CL212 and CL243 the less susceptible. CL146 appeared as the most susceptible cultivar
showing the highest ratings in both experiments. Cultivars showed low disease rating 6 weeks after inoculation with
Rhizoctonia spp. with only minor differences in susceptibility. INIA Tacuari and Parao showed the lowest disease rating at 3

months after inoculation.

INTRODUCTION

Sclerotium oryzae, causal agent of stem rot of rice, and
Rhizoctonia spp., causal agents of sheath spot of rice, are
some of the most important diseases of rice in Uruguay. The
sclerotia produced by these fungi serve as primary inoculum
by floating on the water and infecting rice stems at the
waterline. Stem rot progresses into the inner leaf sheaths
causing rot of the inner stem tissue while Rhizoctonia spp.
infect the rice penetrating the outermost sheaths and
colonising the culm of rice plant (2, 3). The objective is to
establish a baseline of the individual cultivar response to
these pathogens of the principal Uruguayan rice cultivars.

MATERIALS AND METHODS

Eleven strains of Rhizoctonia spp. and ten of S. oryzae were
obtained from diseased plants or rice soils. Ten seeds of
each cultivar were planted in 125-mm diameter plastic pots
placed in metal trays with 5 cm deep water in glasshouse (25
+ 5 °C and RH 80%) and thinned to four seedlings per pot.
Tillers were inoculated with agar disc (6 mm diameter)
containing mycelia of the pathogen obtained from 10-day
old colonies of the pathogen and wrapped with Parafilm.
The inoculation was made in plants 75 days after sowing
and rated 6 weeks after inoculation (Experiment 1) or 4
weeks after sowing and rated after 3 months (Experiment 2).
Severity index was according with SES evaluation (1).
Statistical analysis was performed with SAS®.

RESULTS
Experiment 1 (Ex1). The plants evaluated for severity
ratings after inoculation with S. oryzae showed all a
different degree of susceptibility. CL146 was the more
susceptible cultivar without statistical differences with INIA
Tacuari, Parao, El Paso 144, INIA Olimar and CL244.
CL212 and CL243 were the less susceptible and this
difference supported statistically. Cultivar susceptibility for
Rhizoctonia spp. was higher for INTA Tacuari. CL212 and
CL243 were a second group without statistical differences.
Cultivars CL146, CL244B, El Paso 144, INIA Olimar and
Parao, were the less susceptible with statistical differences
only with INIA Tacuari. Experiment 2 (Ex2). No statistical
differences were found between cultivars inoculated with §,
oryzae. For Rhizoctonia spp. Parao and INIA Tacuari were
the less susceptible cultivars and these differences supporte]
statistically (Figure 1).

3.
DISCUSSION
Differences were found between experiments for S. oryzae
in some cultivars, more disease severity was found when
tillers were inoculated close to internode elongation (3). The
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disease progressed but only to some extent since the tillers
began to die early after the disease progress. Although at
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Figure 1. Severity index for the cultivars tested. Above,
Experiment 1. Below, Experiment 2. Green, S. oryzae; red,
Rhizoctonia spp. Columns with the same letters are not
statistically different (Tuckey=0,05) for the same pathogen
species.

different degree, all the cultivars studied showed
susceptibility to this disease as observed in field conditions.
CL146 appeared as the most susceptible cultivar to S. oryzae
in both experiments. Rhizoctonia showed a more
pronounced progress in the expression of symptoms with
ratings low at 6 weeks after inoculation and no clear
distinction in susceptibility between cultivars. Previously
was demonstrated that this pathogen can penetrate the
outermost sheaths asymptomatically (2) until the tillers are
killed. INIA Tacuari showed the lowest disease rating after 3
month, a striking result since it is the most susceptible
cultivar to Rhizoctonia in field conditions (2).
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A PITCH FOR BIOSECURITY: MINIMISING THE RISK OF PINE PITCH
CANKER (FUSARIUM CIRCINATUM) INTRODUCTION INTO AUSTRALIA

A. Maxwell® and H. Brelsford*
A 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).
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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
disease was introduced into South Africa (1990) on seed
collected in Mexico. The source of introductions to Chi%e
and Spain (1990s) are unclear.

Biology and Impact. Although F. circinatum frequentg
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
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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 X-
ray 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.
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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.

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.

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.

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 4°C after harvest, on
a scale of 1 to 3, where: 1, creamy; 2, intermediate; and 3,
whitest. Data was analysed by REML.

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.

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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‘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).

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

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

@ Rank of mean
weight of tap root
per plant
(1=lowest;
11=highest)

m Rank of

Combined ranks

resistance to
disease on tap
roots

Standard
Moonshine
Hollow Crown
Melbourne White
Skin
Thunder

Figure 1. Summary of rank of cultivar root qualities (mean
disease incidence and weight, average root shape and
colour).
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Figure 2. Estimated total, healthy and marketable root
yields of parsnip cultivars.

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.
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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. R? = 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.

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 subsequently-
planted wheat with tolerance or intolerance to Pt.

MATERIALS AND METHODS

A weed-free fallow treatment and 56 cultivars of faba
bean, chickpea, barley and wheat were planted on two
areas of land 1) 4,500 Pt/kg soil at 045 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 R? was from the 045
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.
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1.

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

Crop Cultivar High Pt site Moderate Pt site
In (BTM) In (BTM)
Barley Commander 9.18 (10,562) 9.03 (8,475)
Grout 9.26 (14,445)  9.25(13,018)
Grimmett 9.33(14,305)  9.17(9,022)
Gairdner 9.38(13,596)  9.61 (18,796)
ND19119-05 9.49 (15,278)  9.57 (14,442)
Hindmarsh 9.52(17,833)  9.76 (18,856)
Chickpea PBA HatTrick  8.87(5,991) 8.49 (4,858)
Tyson 8.93 (8,485) 8.93 (9,761)
Amethyst 9.04 (11,348)  8.98(10,524)
Yorker 9.05 (7,662) 8.58 (6,208)
Gully 9.06 (10,115)  8.62(6,288)
Sona 9.08 (11,448)  8.92(8,538)
Fababean  AF03109 9.20 (10,484)  9.07 (10,316)
Ascot 9.29 (12,787)  9.10(12,121)
Cairo 9.41(17,029)  9.66 (19,378)
Fiesta 9.45(18,994)  9.30(13,723)
Rossa 9.48 (19,000)  9.70 (20,415)
Doza 9.58 (19,428)  9.39(14,325)
Wheat GS50a 8.15(3,058) 8.02 (2,631)
QT9050 8.35 (4,234) 8.42 (3,847)
Petrie 9.23 (14,502)  9.44 (18,059)
EGA Wylie 9.33(14,854)  9.10(7,840)
Kennedy 9.50 (16,776)  9.79 (22,759)
Fallow 9.08 (9,277) 8.29 (2,436)

LSD (P=0.05) cultivar 0.39
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P. thornei/kg soil (In (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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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 Y'S. 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 F; 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.

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 F, 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.

Procedure The experiment consisted of 4 blocks, each with
21 check cultivars and 33 F;’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 slow-
release fertilizer. Pots were watered using a self-regulated
capillary watering system at 2cm water tension. Seven days
after planting (DAP) 10 mL of CR myecelial 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 In(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.
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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 F;’s moderately resistant to YS, CR, Pt and

Pn were identified using a simultaneous selection procedure.
Genotype YS CR Pt-RF  Pn-RF
DH_83 (Parent) 4.7 58 0.8 5.1
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
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
249 (MR - CR) 57 33 39 16.8
Janz (S — YS,CR,Pt,Pn) 28 55 4.6 14.8
Banks (S — YS,CR,Pt,Pn) 3.2 64 6.3 20.8

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

G.R Stirling®, and J.A. Cobon®
A 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 root-
knot 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
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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 M. incognita
FS cv. Jumbo 18¢ 6¢
FS cv. Fumig8tor 357b 782 b
Tomato cv. Tiny Tim 816,581 a 618,015a

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 4270 b 679 a

Jumbo (10t/ha) 30,410 a 345a

Fumig8tor (10 t/ha) 21,530 a 380a

Jumbo (20t/ha) 35,480 a 136 b

Fumig8tor (20 t/ha) 43,850 a 137D

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 0.2b 1.12a 2.5ab 55a
Velvetbean 03b 1.28 a 1.7 be 10 a
Jumbo 1.4b 1.20a 12¢ 15a
Fumig8tor 74a 1.13a 33a 44 a

In all tables, nematode counts were transformed [logo
(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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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, rthizome and roots by placing
sliced tissue in a misting chamber for 7 days and recovering
the nematodes on a 38um 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.

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.

Treatment 16 week harvest 20 week harvest
Fresh wt.  Fresh wt. Fresh Fresh wt.
seed rhizome wt. seed  rhizome
piece (g) (8) piece (g) (8)
Control 30.4 202.1 35.1 221.8
R. similis 34.9 220.0 34.6 2243

Biomass did not differ significantly between treatments (P=0.05)
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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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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, Plaats-
Niterink (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 Plaats-
Niterink (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 rock-
wool 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 22-33°C
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
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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 non-
pathogenic 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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ASSESSMENT OF MICROBIAL DIVERSITY IN OIL PALM TRUNK TISSUE
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ABSTRACT. The aim of this study is to investigate the difference in microbial diversity in healthy and Ganoderma infected
oil palm trunk tissues. Potentially, the information of microbial diversity can be used to study the interaction between the
microbial flora and pathogen at the onset of basal stem rot disease. Three primer sets that amplify the 16S and 18S rRNA
region were employed to generate amplicons from microbes in trunk tissue. The amplicons were separated via DGGE and
subsequently used in sequencing analysis. Public domain database searches provided the possible homology to the sequences.
Results for most isolates comprised of microbial strains commonly found in plants and freshwater sources including the

pathogen itself (Ganoderma spp.).

INTRODUCTION

Basal stem rot (BSR) caused by Ganoderma boninense is a
major threat to the cultivation of oil palms in the South East
Asia, especially in Malaysia and Indonesia. The disease is
usually fatal, leading to great losses in oil palm fresh fruit
bunch yields and profits. Despite being first reported way
back in 1931, the infection process by this pathogen is still
not well understood. Developments in molecular technology
have enabled researchers to examine the microbial
community to ascertain whether endophytes and the G.
boninense pathogen interact during the infection process.

MATERIALS AND METHODS

DNA extraction The metagenomic DNA was extracted
using the FastDNA SPIN Kit (Catalog # 6560-200, MP
Biomedicals, USA).

PCR amplification of 16S and 18S rRNA Primer set GC-
PRBA338f and PRUNS518r were used for direct
amplification of the 16S rRNA. Primers GC-FR1 and FF390
were used to amplify 18S rRNA and Ganoderma specific
primer (1) for Ganoderma sp. Amplification was performed
in 50ul PCR mixture with DyNAzyme™ II DNA
polymerase (Finnzymes, Finland) as per manufacturer’s
recommendation. The targeted region was amplified via
touchdown PCR with annealing temperature of 55°C.

DGGE analysis of the fungal and bacterial community
DGGE was performed with 8% polyacrylamide gel of 40 —
80% denaturing gradient (50V for 20h) using the BioRad
Dcode system where reagents were prepared according to
the manual (2). After electrophoresis, the gel was stained
with 0.01% (v/v) SYBR® Gold stain in 1x TAE buffer and
viewed under 302nm UV translumination. The DGGE bands
were purified and reamplified prior to sequencing by
Macrogen Inc. (Korea). Gene homology search were carried
out using NCBI database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

RESULTS

DGGE analysis Twelve bands were recovered from the
fungal primer set, five from the bacterial primer set and ten
from Ganoderma specific primer set (Fig. 1).

Figure 1. Bands excised and sequenced from vertical
denaturing gel (a) 16S primer set, (b) 18S primer set and (c)
Ganoderma specific primer set. Healthy palm - Lane 1:
Healthy tissue. Infected palm - Lane 2: Rotted tissue (RT);
Lane 3: Healthy tissue (HT); Lane 4: Disease transition zone
(TZ).
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Sequence homology From sequencing results (Table 1),
not all the produced sequences had unique homolog in the
GenBank database. Two bands from the fungal primer
amplicons corresponded to oil palm 18S rRNA (Eleais
oleifera); another four had overlapping homologies. In
addition, two bands from the Ganoderma specific primer
were unable to be identified. As for the bacterial primer sets,
all results were shown to be uncultured bacterium.

Table 1. Microbial communities in healthy and infected
palms using different primer sets (target region).

Sample | Target region | ldentity
Healthy | 18S Cochliobolus cynodontis strain
palm NBRC 9793, Fusarium
oxysporum isolate K9,
Dothideomycete sp. P and
Kirschsteiniothelia elaterascus
strain A22-5A
Ganoderma Ganoderma fornicatum isolate
specific (1) M389
Infected | 18S Uncultured soil fungus clone
palm 12060807(HL5) (HT)
Ganoderma Ganoderma sp. BRIUMSD (all
specific (1) tissue), Ganoderma fornicatum
isolate M389 (RT) and
Ganoderma weberianum (TZ)
DISCUSSION

Ganoderma specific amplification The DGGE results
demonstrated that there were more than one Ganoderma
isolate in the infected palm. This would infer that different
pathogens may work synergistically with one another or
each of it is capable of instigating the BSR disease (multiple
infection or clonal infection). One of them may also possibly
be saprophyte, feeding only on dead tissues after infection
by the other(s).

Microbial diversity analysis DGGE profiles revealed
that healthy palms harboured greater microbial diversity
compared to Ganoderma-infected oil palm tissue. Most of
the microbial species identified in healthy tissue were
commonly associated with plants or of freshwater origin.
These findings served as a preliminary study for the
investigation on the potential role of endophytes on
Ganoderma infection, i.e, symbiotic or antagonistic
relationship. Further work is being carried out to ascertain
the plausible interactions among these microbes.
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RHIZOCTONIA SOLANI AG3 DNA LEVELS IN THE PRESENCE OF POTATO
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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 gPCR. 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.

Tth Australasian Soilborne Diseases Symposium

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 26 149a 11
4 7 24b 3
6 1 11b 5
8 1 8b 5
Lsd 0.05 ns 119.5 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.
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BREAK CROPS TO REDUCE ROOT KNOT NEMATODE DAMAGE ON
POTATOES
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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
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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 RKN RKN
rate (eggs/lg DNA
(kg/ha)  roots)  in soil
Oats Swan 120 0 Y
Sorghum Jumbo 10 0 N
Rhodes Katambora 75 8 Y
Grass
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
25°C night and 30°C 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 aurcomycin (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 (V3).

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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