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The Organising Committee of the 10th Australasian 
Soilborne Disease Symposium welcomes the diverse 
array of delegates interested in the management of 
soilborne diseases in annual and perennial crops to 
the Festival City of Adelaide. Adelaide is a gateway 
to some of Australia’s best wine country as well as 
historic buildings, lush parklands and some of the 
country’s best beaches. South Australia hosted the 
3rd ASDS in 1999 and we are delighted to host this 
symposium again here in South Australia.

The Australasian Soilborne Disease Symposia, 
biennial meetings held since 1999 under the 
auspices of the Australasian Plant Pathology 
Society, have a rich tradition of bringing together 
plant pathologists, microbiologists and farming 
system and biosecurity researchers and policy 
makers. A special feature of ASDS meetings is the 
postgraduate student researcher participation 
which at this meeting is recognised by presenting 
two Student Best Presentation Awards. The 
organising committee have endeavoured to 
provide a diverse program that incorporates the 
many aspects associated with the challenging 
and complex task of alleviating soilborne disease 
impacts both in dryland and irrigated crops and 
annual and perennial crops. 

Plant disease research is an old topic that 
is currently having a renaissance from the 
tremendous opportunities provided by the new 
molecular tools for diagnostics and ability to delve 
into the intricacies of plant-pathogen-microbe 
interactions in the lab and field systems. The 10th 
ASDS brings together over 100 delegates from all 
regions of Australia and eight overseas countries 
with diverse interests, all with a goal to find ways 
to control or reduce the impacts by soilborne 
diseases. The Keynote speakers will present 
the latest knowledge about pathogen ecology, 

diagnostics, disease management and biosecurity. 
With the current focus on food security to feed the 
growing global populations through sustainable 
agricultural production systems, there is a need to 
develop innovative cropping systems with little or 
no impacts from soilborne diseases that are both 
economically and environmentally sustainable. 
Disease impacts are a major cause of the large 
yield gaps (>50%) between what is attainable with 
current technology and which is actually achieved 
in many food crops. This meeting with its diverse 
audience provides a cross-industry forum for 
all the attendees to exchange ideas and new 
developments.

In preparing for ASDS2018, special thanks go 
to various members of the Local Organising 
Committee, the National Advisory Committee 
and for the support from APPS. We especially 
thank the tremendous support provided by our 
valued sponsors, for their travel and participation 
support for our Keynote speakers from overseas 
and across Australia, Student Awards and direct 
support for the symposium itself. The LOC extends 
great appreciation to the contribution by the Event 
Management personnel in bringing the Symposium 
together. Thanks to all.

We wish every Delegate to ASDS2018 a most 
successful and informative symposium. We thank 
you for your support and look forward to long-
lasting interactions that will develop for researchers 
throughout Australia and overseas. We encourage 
you get involved and contribute to an exciting 
conference of science and social interaction but 
most importantly enjoy your own experience at 
ASDS2018 in Adelaide.

Vadakattu Gupta Barbara Hall

10th Australasian Soilborne Disease 
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Co-Chairs, ASDS 2018 Local Organising Committee

Welcome to you all to the ASDS2018 held in Adelaide, South Australia.
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Managing soilborne diseases- Delivering on the promise of new technologies 

Kathy Ophel-Keller and Alan McKay  
SARDI, Waite Campus, GPO Box 397, ADELAIDE SA 5001 

Email: Kathy.ophelkeller@sa.gov.au  

Major drivers of future food production globally are 
climate change, increased pressure on natural resources, 
resistance to agrochemicals as well as food loss and 
waste (1), driven by a change in geopolitical power base 
and rising Asian middle class. These global drivers of 
change can be seen reflected closer to home in strategic 
plans relevant to Australia (2) and industries we work 
with (GRDC, Horticulture Innovation) which highlight 
water availability, climate change, market access, 
opportunities and threats from shifting global 
demographics, as well as the role of technology in 
increasing yield while sustaining the resource base as 
clear underlying themes. 

Within this context, the nutrient and water use 
efficiency (WUE) of crop production are critical. High 
yield and water use efficiency is achieved through 
maximising extraction of soil water, increasing efficiency 
with which moisture is used and minimising water deficit 
during key developmental stages of the crop (3). Root 
systems which are healthy are critical.  

Research to understand and better manage soilborne 
diseases is inherently difficult because soil is a difficult 
medium to work in. We can’t easily understand basic 
things such as how the roots are growing, what type of 
root system is required, what are the pathogens doing to 
the spatial development of the root system- how this 
affects water and nutrient uptake and  distribution of 
inoculum in soil and organic matter.  

As researchers working to understand and manage soil-
borne diseases, we have had to be innovative to develop 
new tools to answer research questions. This had led to 
development of a broad range of novel techniques to 
study root growth range in controlled environments (X-
ray technology or rhizotron imaging) to techniques 
which can be applied in the field ( DNA assessment of 
root biomass). The potential of new methods to profile 
soil microbial communities means that we can generate 
enormous amounts of information. Methods to manage 
the data are improving but, to date, we have fallen short 
of delivering on expectations that this approach will 
deliver new solutions for industry, often driven by 
unrealistic timeframes. 

Most strategies to reduce the impact of soilborne 
diseases need to be implemented before the crop is 
planted.  Growers are busy and need to keep crop 
management simple so many default to using 
unnecessary chemical treatments and reliable crop 
rotations to minimise disease risk.  As financial margins 
decline, the challenge is to develop targeted 
management practices that have potential to reduce 
input costs and increase cropping flexibility.   To do this 
growers need to know which soilborne pathogens pose 
significant risk to crop growth and yield, while also keep 

an eye on what is happening to the pathogen inoculum 
for the following season. 

In Australia, PREDICTA soil testing services have been a 
powerful research and management tool which allows 
researchers and growers to quantify pathogen(s) in soil 
samples representative of plots in field trials to 
production zones within fields.  Researchers can use this 
data to measure treatment (crop, variety, pesticide, 
agronomic practice) effects on crop growth and yield 
and the research outcomes to help growers make 
informed decisions to make better cropping decisions.  

Once disease risk is quantified, growers and advisers can 
take advantage of unexpected low disease risk 
situations.  In general growers only have a few levers to 
pull to manage disease risk. Typically these involve 
changing crop sequence and crop variety (resistance and 
tolerance), agrichemicals, fertiliser, seeding 
systems/timing and, occasionally, biological control.  

As crops approach maximum water use efficiency the 
returns to growers from further investment diminishes 
and the financial risk increases. This means new research 
outcomes to increase WUE either needs to include 
cutting the cost of production to free capital to invest in 
new treatments, or raise the yield potential of the crop 
eg by accessing water not previously accessible, or 
increasing water use efficiency by genetically modifying 
the crop.  

For management of soilborne diseases, these outcomes 
can be delivered via new varieties or via agronomic and 
cultural practices.  

Enormous progress has been made over the past 50 
years with breeding cereal varieties for resistance to key 
pathogens. As an example, cereal varieties with 
resistance and tolerance to cereal cyst nematode (CCN) 
have dramatically decreased both the yield loss and the 
prevalence of CCN. However, increasingly we are 
working on disease complexes or intractable pathogens 
such as Rhizoctonia for which single gene resistance 
does not exist.  

The understanding of plant root growth has advanced 
significantly over the past 20 years may enable new 
options. For example the greater understanding of root 
physiology, combined with growing evidence of a very 
dynamic interaction between plant root tips and 
pathogens (4). Development of gene editing 
technologies enable the possibility to target specific 
genes to modify plants. It may also be possible to 
engineer the rhizosphere to increase plant resistance to 
pathogens through breeding. In order to take advantage 
of these advances we need to work closely with other 

1

mailto:Kathy.ophelkeller@sa.gov.au


Ophel-Keller and McKay. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

disciplines including plant physiologist and molecular 
geneticists. 

Simple solutions will be taken up quickly. However, 
pathogen complexes are common, and better 
understanding of interactions may identify which 
component to manage to give the greatest yield 
response when it is not practical to tackle all the 
pathogens at once.   

As above ground crop growth improves due to improved 
agronomic practices, we need to encourage growers to 
look below ground at root systems, to ensure roots are 
healthy enough to maximise water and nutrient use 
efficiency. Practices that increase carbon input to soil for 
improved soil microbial activity and increased root 
growth are critical for the management of root health 

Growing concerns about off target impacts, residues and 
development of resistant populations have raised the 
bar on what is acceptable.  This will create opportunities 
for new more targeted chemistries and biological 
treatments. 

Whatever we do, we need to consider the delivery of our 
research and technologies to growers, considering the 
integration of our approach into the decisions made by 
growers and their advisers- the pressure to innovate will 
be greater than ever. 

References: 

1. FAO (2017) The future of food and agriculture – 
Trends and challenges. Food and Agriculture 
Organisation, Rome.

2. KPMG (2018) Talking 2030: Growing agriculture into
a $100 billion industry
(https://home.kpmg.com/talking-2030-growing-
australian-agriculture-industry.html)

3. Sadras, V and McDonald, G (2012) Water use 
efficiency of grain crops in Australia: principles,
benchmarks and management. Grains Research and 
Development (www.grdc.com.au).

4. Hawes, M et al. (2016) Root border cells and their
role in plant defense. Annual Review of
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Diversity, genetics and ecology: Verticillium dahliae a case study 
Jiménez-Gasco, M.M. 
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Verticillium dahliae is a soilborne, plant-pathogenic 
fungus in the Ascomycota that is pathogenic to over 400 
different plant species, many of which are economically- 
important agricultural and ornamental crops, and forest 
plants (1,2,3). V. dahliae causes Verticillium wilt, a 
vascular wilt that results from extensive colonization of 
the plant’s vascular system, leading to wilting and death 
in a disease-conducive environment. The fungus survives 
in soil for extended periods of time due to the 
production of microsclerotia (clusters of thick-walled, 
heavily melanized cells), which are the fungal resting 
structures (1,3).  

Sustainable management of Verticillium wilt is 
challenged by the pathogen’s broad host range and its 
long-term persistence in soil, as well as the limited 
availability of host resistance (3). The high cost and strict 
regulation of soil fumigation provide growers with 
limited management practices, that mostly rely on crop 
rotations with non-hosts (when possible) by trying to 
minimize pathogen build-up of inoculum in the soil. 
However, crop rotations provide inconsistent results and 
previous research indicates that rotational crops and 
weeds can be asymptomatically infected by V. dahliae in 
the field; that is, V. dahliae has a hidden endophytic 
biology that has been largely ignored (4).  

Populations of V. dahliae are considered host-
adapted rather than host-specific, meaning that isolates 
are generally pathogenic to many plant species, but are 
more virulent to the host from which they were 
originally isolated (3,5). V. dahliae populations have 
been studied extensively through vegetative 
compatibility, which refers to the ability of isolates to 
undergo hyphal anastomosis and form a stable 
heterokaryon (6). Several Vegetative Compatibility 
Groups VCGs have been reported, some with worldwide 
distribution, some with a limited geographical presence.  
The pathogen has a highly clonal population structure, 
with several lineages that align with VCGs; however, 
previous work utilizing a suite of molecular tools 
suggests that VCGs in V. dahliae may not represent 
single clonal lineages and may be more diverse than 
previously expected (5,6,7). 

Using a population genomics approach, we 
have tested various hypotheses regarding the biology, 
ecology and epidemiology of V. dahliae. We conducted 
genotyping-by-sequencing using the Illumina next 
generation sequencing platform on V. dahliae isolates of 
diverse host, geographic origin, pathotype, and VCG.  
Although there is high clonality in V. dahliae populations, 
evidence of recombination was distributed throughout 
the genome and widespread among clonal lineages, 
suggesting that clonal lineages arose by sexual 
reproduction (7).  We also studied the phylogeography 
of the V. dahliae lineage associated with the defoliating 

pathotype, currently widespread and associated with 
olive and cotton cultivation (8). Coalescent analysis 
indicated that the defoliating pathotype was introduced 
in independent founder events into the Mediterranean 
region from a North American source population, 
consistent with the hypothesis of rapid population 
expansion during the emergence of this pathotype in 
cotton in the United States.  

Similarly, we studied correlations between 
race, pathotype and lineage. Pathogenic variation in V. 
dahliae can be best explained by the emergence of these 
phenotypes in specific clonal lineages, associated with 
agricultural production (5). Phenotypes and marker 
correlations must be viewed in the context of a clonal 
lineage structure to fully understand pathogenic 
variation in this fungus.  This clonal lineage context is 
crucial to expand our knowledge on the role of 
asymptomatic infections on the biology, ecology, and 
epidemiology of V. dahliae and their implications in the 
management of Verticillium wilts in agroecosystems.  

We are currently studying endophytic 
interactions of V. dahliae with asymptomatic hosts used 
in rotations with primary symptomatic hosts. Although 
we are closer to understanding these relationships and 
the impact they have on V. dahliae diversity, there is a 
clear need for more powerful molecular markers that 
can be used in an ecologically broad context to resolve 
the origin and evolution of diversity in V. dahliae and the 
impact of endophytic infections on the biology of this 
important fungus. 

SUMMARY 

 Population genomics studies using high-resolution
molecular markers have helped us understand
diversity in V. dahliae: high clonality worldwide with 
signal of recombination that has led to the 
emergence of new lineages.

 The clonal distribution of highly-fit genotypes in V.
dahliae is associated with a rapid population 
expansion, and movement in contaminated seed or
other plant material.

 The dual role of V. dahliae, pathogenic on certain 
plants and endophytic on others, raises interesting 
questions about the biology, ecology, persistence,
and spread of this fungus, which have important
potential implications in the management of 
Verticillium wilts in agroecosystems.
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INTRODUCTION 
Black root rot (BRR) is a seedling disease of major concern of 
cotton in Australia (1). The disease is caused by the 
hemibiotrophic fungus, Thielaviopsis basicola (syn. Chalara 
elegans) (2). With the aid of DNA sequencing, T. basicola has 
shown sufficient genetic divergence and has been 
nominated into two new taxa within a novel genus that 
being Berkeleyomyces (3). On the basis of RAPD-PCR profiles, 
the initial assessment of 25 isolates of T. basicola recovered 
from different geographic locations and host plants in 
Australia were clustered in groups corresponding to 
geographic distribution and host (4). We aimed to 
investigate the genetic diversity utilizing DNA sequences of 
ribosomal internal transcribed spacer (ITS) and elongation 
factor 1-α (EF1α) regions of a brand new collection of a BRR 
pathogen isolated from cotton seedlings sampled across the 
major cotton growing regions of NSW in over the 2017-2018 
season. 

MATERIALS AND METHODS 
Isolation and identification: 
During early season disease surveys of the season 2017-
2018, seedlings with BRR symptoms (Fig 1A) were collected 
all across cotton growing regions in NSW. Isolation was 
made possible with 5% carrot juice agar (CA) amended with 
100ppm streptomycin sulphate (Strep). Briefly, diseased 
sections were quickly surface decontaminated with 70% 
ethanol, blotted dry and embedded into CA contained in 
90mm dia Petri dishes. Dishes were sealed with parafilm and 
incubated at 25 °C for at least three days. Putative colonies 
of BRR pathogen were subcultured on potato dextrose agar 
(PDA Difco) amended with 100ppm Strep and single spores 
isolated as required. 

The cellotape technique was used for slide preparation 
for morphological examination (5). 
DNA extraction and amplifications: 
Genomic DNA templates were prepared using a microwave 
protocol with some modification (6). A small amount of 
mycelia (10-100mg) was scraped off the culture dishes, 
placed in a 1.5mL tube, microwaved on high for 5min. Then, 
100µL TE buffer was added along with two steel beads 
(3.3mm dia), vortexed 1min, spun down 5min, diluted 1:10 
of the supernatant to new tubes. The diluted supernatant 
was used as templates for PCR. 

PCR amplifications of the ITS and EF1α regions were 
carried out using primer pairs of ITS4/ITS5 and EF-728F/EF2, 
respectively (7, 8).  

PCR products were sent to Macrogen, Korea for 
sequencing service. MEGA 7 was installed to handle 
sequencing data and phylogenetic analysis. 
Pathogenicity assay: 
Five selected isolates exhibiting various colony appearances 
were subcultured on water agar (WA) dishes and incubated 
at 25 °C in darkness for four weeks. Cotton black seeds (cv. 
Sicot 75RRF) were washed under running water for few 
minutes, and soaked overnight in darkness to avoid 
germination, the seeds were then rinsed thoroughly again 

under running water, quickly blotted to remove excess 
water, and then spread evenly over a damp layer of paper 
towel laid in a sealed container. The container was then kept 
overnight in darkness at 25 °C.  Germinated seeds were 
transferred onto the culture dishes at 10 seeds/dish and 4 
replicate dishes/isolate, and the dishes were kept in 
darkness at 20 °C for a week prior to assessment for root 
necrosis. A rating scale based on percentage of tap root 
surfaces covered with necrosis was as follows: 0 = healthy, 1 
= necrosis was less than 25%, 2 = necrosis was above 25-
50%, 3 = necrosis was above 50-75%, 4 = necrosis over 75%. 
Data were subjected to analysis of variance (ANOVA) using 
Graphpad Prism 7.04. 

RESULTS AND DISCUSSION 
Isolation and identification: 
Though the BRR pathogen is known to be recalcitrant to 
recover without selective medium assistance (2), 
CA+100ppm Strep was sufficient to isolate the pathogen. A 
total of 95 isolates were recovered from different valleys 
(Table 1), and a higher number of isolates was obtained from 
South and Central NSW, where the disease is more 
epidemic. 

Table 1: Number of putative T. basicola isolates recovered from 
main cotton growing valleys in NSW. 

Valleys Geographic locations No. isolates 

Murrumbidgee South NSW 25 

Lachlan South NSW 22 

Macquarie Central NSW 22 

Namoi North NSW 12 

Gwydir North NSW 14 

Total 95 

Colony morphology of the pathogen varies from gryy to 
olive-green and some form albino sectors on mature 
cultures (Fig 1B). Cultures quickly produced hyaline, 
cylindrical conidia in single or chain. Multiple-cell 
chamydospores formed in single or clusters with dark 
pigmentation (Fig 1C). These typical characters allowed 
confirmation of putative T. basicola identification. 

Figure 1: Cotton seedlings with symptoms of BRR (A); growth 
appearance of putative T. basicola on PDA+100ppm Strep (B); a 
typical cluster of chlamydospores of putative T. basicola (C). 

Genetic characterization: 
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A total of 70 and 57 sequences obtained from ITS and EF1α 
regions, respectively were successfully sequenced. 
Sequencing alignment showed that all sequences were 100% 
identical to each other, which is contemporarily 
contradictory to the previous findings (4). A high degree of 
genetic uniformity observed in the current collection of 
putative T. basicola could support the hypothesis that the 
pathogen has been carried from one location to another 
from an original source. If this is the case, stricter quarantine 
practices should be in place to minimise further spread.  

A maximum likelihood (ML) tree constructed from the 
ITS sequences clustered cotton isolates in this collection 
together with a newly erected species, Berkeleyomyces 
rouxiae (3), which is a sister species to B. basicola (currently 
known as T. basicola) (Fig 2). Since these two new species 
have been very recently elevated in 2018 (3), putative T. 
basicola is used for the cotton isolates in this study till the 
new names become widely and officially recognized. 

Figure 2: A ML tree constructed from ITS sequences showing 
relationships among Thielaviopsis spp. Numbers at nodes are 
bootstrap values of 1000 replicates. 

Similarly, the phylogenetic position of the cotton isolates 

on the ML tree constructed from EF1α sequences is well 

separated from B. basicola/T. basicola and others (Fig 3). 

Since Nel et al. (3) did not include the EF1α sequences in 

their study, the relative position of the cotton isolates and B. 

rouxiae remains unclear. 

Figure 3: A ML tree constructed from EF1α sequences showing 
relationships among Thielaviopsis spp. Numbers at nodes are 
bootstrap values of 1000 replicates. 

Pathogenicity: 
Colony appearances of putative T. basicola vary distinctly on 
PDA cultures and it is proposed to relate to virulence. 
However, disease indices indicating aggressiveness of the 
tested isolates were not significantly different (Fig 4). 
Disease indices were recorded from 0.5 to 0.7; and 
according to Zhang and Yang (9) isolates could be classified 
as highly virulent when disease indices recorded ≥ 0.5.  

Figure 4: Disease indices (0-1) recording on cotton seedlings 
infected with putative T. basicola isolated from cotton (Bars 
represent SEM). 

SUMMARY 

 Population of the BRR pathogen in this study is highly
uniform based on sequence data - ITS and EF1α.

 BRR pathogen of Australian cotton is placed in a sister
group with B. basicola/T. basicola. Consequently, species
status of the pathogen should further be examined.

 Aggressiveness of the BRR pathogen does not seem to
be related to colony appearances.
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INTRODUCTION 

Crown rot (CR) of bread wheat (Triticum aestivum) is an 

economically important disease in many cereal growing 

regions of the world and can be caused by several fungal 

species in the genus Fusarium. In Australia CR is mainly 

the result of infection by F. pseudograminearum (Fp), 

with a second species, F. culmorum (Fc) also a significant 

cause in some southern areas (1). In other countries 

such as Turkey the inverse is more accurate with Fp 

being more limited in its distribution (2). Comparison of 

pathogenicity between species has been documented 

(3, 4) with differences observed in the rate of 

colonisation, disease severity and host tissues colonised. 

Co-inoculation between Fusarium species and other root 

pathogens have been conducted with pathogens 

associated with Common Root Rot disease (5), however 

no data is available examining the effects of two CR 

causing pathogens within the same plant. An effective 

method to assess CR resistance in bread wheat cultivars 

is screening adult plants infected with CR for disease 

severity of the stem and/or grain yield (6), however 

these methods are not able to distinguishing between 

the CR pathogens causing the infection. The addition of 

new technologies such as species-specific qPCR provides 

greater insight into potential species interaction within 

the plant (4). This study examined three treatment 

groups, single inoculation of Fp, single inoculation of Fc 

and co-inoculation of both (Fp+Fc), to allow comparison 

of stem discolouration and fungal biomass in the field. 

The data also provides disease reactions for a selection 

of moderately resistant genotypes from different 

germplasm sources. Understanding the interaction 

between these pathogens is important to ensure 

appropriate strategies for CR management worldwide.  

METHODS 

Inoculum production: Two isolates of Fp and Fc were 

plated onto separate ¼ strength potato dextrose agar 

plates and grown at room temperature for two weeks. 

Bags of wheat and barley grain (200g) were soaked 

overnight in milli-Q water, drained then twice 

autoclaved. Mycelium from each isolate was added to a 

bag of grain to colonise over a four week period, dried, 

and stored at 4°C until required. 

Field experiments: Twenty bread wheat genotypes were 

assessed for crown rot reactions in two field trials at the 

Longerenong College in Horsham Victoria, and the 

Wellcamp Research Station, Queensland, in 2016. 

Genotypes assessed consisted of pre-breeding 

germplasm developed for crown rot resistance and 

tolerance from Queensland Department of Agriculture 

and Fisheries (QDAF), The International Maize and 

Wheat Improvement Centre (CIMMYT) and the 

University of  

Sydney (USYD) along with six commercial varieties as 

standards (Table 1). Colonised grain inoculum (Fp, Fc, 

Fp+Fc) was applied with seed in the furrow at planting 

with a 1:1 ratio (4g/plot). Fp+Fc inoculum was applied 

using an equal mix of Fp and Fc inoculum. Two metre 

plots were replicated three times in a split-plot design. 

Visual Rating: Ten plants were harvested randomly from 

each plot of five genotypes at post-anthesis (Z stage 75) 

and all genotypes at maturity (Z stage 90). The basal 

portion of the main stem was cut into two 6cm sections, 

designated as 0-6cm and 6-12cm, respectively. These 

were assessed for visual discolouration using 0-100% 

scale where 0 = no discolouration and 100% = 

completely discoloured tissue.  

Statistical analysis: Significant difference between 

means of visual discolouration of genotypes and 

treatments were calculated using a univariate analysis 

with post-hoc Fisher’s least significant difference (LSD) 

test on IBM SPSS statistics 24 package. 

RESULTS AND DISCUSSION 

Visual discolouration at post-anthesis: Incidence of 

infection at Wellcamp and Horsham sites were 44.2% 

and 62.4% respectively (data not shown). Significant 

differences were observed between genotypes and 

treatments at both trial sites (p<0.05). Visual 

discolouration of Fp treatment was significantly greater 

in Strzelecki, PBICR-06-002-42 and 3:ZAD13 than other 

treatments in 0-6cm which continued in the stem in 

Strzelecki and PBICR-06-002-42 (Fig. 1). No significant 

difference was observed between Fc and Fp+Fc 

treatment (Fig. 1).  

Figure 1. Mean visual discolouration due to CR infection from 
the main stem of each plant at post-anthesis, Wellcamp a) 0-
6cm and b) 6-12cm. Letters denote homologous subsets of 
treatments within genotypes. 

Visual discolouration was significantly higher 

in Fc treatment than Fp+Fc for LRC2009-013 at Horsham 

(0-6cm), but was not significantly different than other 

treatments in 6-12cm (Fig. 2). Fp treatment was also 
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significantly higher than Fc treatment in PBICR-06-002-

42 and 3:ZAD13 (Fig. 2). This may be a reflection of data 

that Fc tends to colonise lower plant tissue than Fp 

infection (3). Visual discolouration was significantly 

higher in Fp+Fc treatment than other treatments in EGA 

Wylie at Horsham (6-12cm). Comparisons are based on 

visual discolouration of stem sections and a more 

accurate assessment will be made when paired with the 

fungal biomass concentration for each species in stem 

sections. 

Figure 2. Mean visual discolouration due to CR infection from 

the main stem of each plant at post-anthesis, Horsham a) (0-

6cm) and b) (6-12cm). Letters denote homologous subsets of 

treatments within genotypes 

. 
Table 1. Mean visual discolouration (0-100%) of the main stem 

of 10 plants (0-15cm) at maturity after treatment with Fp, Fc or 

Fp+Fc treatment at two locations. Superscript letters represent 

homologous subsets based on visual discolouration of 

genotypes within treatments. 

Visual discolouration at maturity: Incidence of infection 
at Horsham and Wellcamp sites were 26.5% and 91.3% 
respectively. The absence of visual discolouration data 
of some genotypes at the Horsham trial site is reflected 
with a (.) (Table 1). Significant differences were 

observed for treatments and genotypes with regard to 
visual discolouration at both sites (p<0.05). Visual 
discolouration of Fp treatment was consistently 
significantly higher in most genotypes than other 
treatment groups at Wellcamp and Fp+Fc was 
significantly higher than Fc in some genotypes (Table 1). 
This suggests there may be inequality with inoculum 
dispersal or possible antagonistic behaviour between Fp 
and Fc when infected in the plant, which has been 
observed between root pathogens in previous studies 
(5). 

SUMMARY 

 Significant differences in visual discolouration were

observed between genotypes and between inoculum

treatments.

 Fp treatment exhibited significantly greater visual

discolouration than Fc and Fp+Fc treatments at

Wellcamp at maturity (Table 1) and two genotypes,

PBICR-06-006-42 (both sites) and Strzelecki (Wellcamp)

at post-anthesis (Fig. 2).

 Species-specific qPCR results paired with visual

discolouration will provide specific details of the

interaction between Fp and Fc in field trials.
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Fp Fc Fp+Fc Fp Fc Fp+Fc

Livingston 69c-f 29a-b 51a-c 72a-c 39b-d 49d

Strzelecki 78d-f 35a-c 70a-c 76a-c 47c-d 30a-d

EGA Wylie 20a 17a 17a 50a-b 26a-b 23a-b

EGA Gregory 75d-f 53a-c 54a-c 77b-c 39b-d 47c-d

Sunguard 26a-c 15a 20a 60a-c 37b-d 43b-d

Batavia 85e-f 49a-c 38a-b 67a-c 51d 47c-d

LRC2009-013 26a-c 35a-c 21a 56a-c 17a 16a

LRC2010-116 39a-d 45a-c 72a-c 50a-b 30a-c 34a-d

LRC2010-146 49a-e . 37a-b 60a-c 26a-b 25a-c

LRC2010-150 80d-f . 35a-b 53a-b 26a-b 25a-c

LRC2012-059 66b-f . 65a-c 68a-c 28a-b 20a

PBICR-06-001-53 24a-b 16a 40a-c 50a-b 25a-b 38a-d

PBICR-06-002-42 78d-f . 35a-b 66a-c 33a-d 34a-d

PBICR-07-007-32 95f 80c 25a 64a-c 34a-d 46b-d

PBICR-07-009-05 89ef . 95c 71a-c 25a-b 24a-b

3:ZAD13 38a-d . 95c 47a 26a-b 34a-d

13:ZAD13 90e-f 25a-b 95c 85c 29a-c 43b-d

7:ZAD13 36a-d . 81c 63a-c 28a-b 52d

19:ZAD13 75d-f . 42a-c 65a-c 34a-d 32a-d

106:SBP12 66b-f 70b-c 67a-c 85c 31a-c 33a-d

Horsham Wellcamp
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INTRODUCTION 
Root lesion nematodes are a major pest in cereal and 
oilseed crops in Western Australia (WA). The main 
species of root lesion nematodes found in broadacre 
cropping in WA are Pratylenchus neglectus and P. 
quasitereoides. Distribution and management of P. 
quasitereoides are a unique issue for WA growers. There 
are currently no financially viable chemical control 
options for root lesion nematodes in broadacre cropping 
in Australia. Increasing crop nutrition, especially 
nitrogen, has been shown to decrease yield loss caused 
by Pratylenchus thornei, another root lesion nematode 
species (1). There is also evidence that fertilisers 
containing or releasing ammonium are effective in 
suppressing plant parasitic nematodes in soil whilst 
nitrate is less effective (2, 3). Efficacy of inorganic 
ammonium fertilizers to reduce these nematodes may 
be due to a change in microbial activity stimulated by 
increased ammonium in the soil after application (2). 

This work investigated the effect of nitrogen 
rate, timing and form on P. quasitereoides multiplication 
in two field experiments. The hypothesis was that high 
rates of nitrogen as urea at seeding would decrease the 
number of root lesion nematodes available to infest 
plants compared with nitrogen applied as nitrate or 
applied at lower rates. To test this hypothesis we 
measured P. quasitereoides levels in the soil of wheat 
crops after applying different rates of urea in field 
experiments in the Western Australian grainbelt. At Site 
1 we also tested three forms of nitrogen: nitrate 
(calcium nitrate), urea and mixed (Flexi-N – 
approximately 50% ammonium nitrate: 50% urea). 

MATERIALS AND METHODS 
Field trials were conducted in Westdale (Site 1) and 
Dumbleyung (Site 2) in paddocks naturally infested with 
P. quasitereoides. The paddocks were 200 km apart in 
the WA grain belt’s medium rainfall zone (325-450
mm/year). Sites were chosen after growers noted poor
growth and yield losses in previous crops attributed to
the presence of medium-high levels of P. quasitereoides, 
determined using South Australian Research and
Development Institute’s (SARDI’s) PREDICTA

® 
B soil

testing service.
Site 1: Average start of season levels (May) of 11 P.
quasitereoides/g soil (range 1-22). The paddock was
sown with Calingiri wheat (susceptible to P.
quasitereoides) and nitrogen treatments were hand
spread. The nitrogen products applied were calcium
nitrate, urea and Flexi-N. Total nitrogen rates were nil,
60, 120 kgN/ha and timing of application was at seeding
or split between seeding and 7 weeks after sowing
(WAS). Soil cores, to 10 cm depth, were taken from each 
plot at seeding, 7 WAS, 13 WAS and at harvest and P.
quasitereoides/g soil was determined with qPCR (SARDI).
At 13 WAS wheat root DNA in the soil cores was also
determined. The trial was a Latinised design with plots 8
m x 1.8 m, 6 reps of each nitrogen treatment and 18 reps

of nil treatment. Grain yields were determined by a 
combine harvester. 
Site 2: Average start of season levels (June) of 32 P. 
quasitereoides/g soil (range 14-56). The paddock was 

sown to Mace  wheat (moderately resistant-
moderately susceptible to P. quasitereoides) as part of 
the growers seeding operation with 80 kg/ha of Agstar 
fertiliser, containing 12 kg/ha of nitrogen. Different 
nitrogen treatments were then hand spread with urea 
immediately after seeding and 8 WAS (split and later 
timing). Treatments were basal 12 kgN/ha, sowing 60 
kgN/ha, sowing 108 kgN/ha, split 60 kgN/ha, split 108 
kgN/ha, later 60 kgN/ha and later 108 kgN/ha. Plots 
were 10 m x 2 m with 5 reps of each treatment. Soil 
cores to 10 cm depth were collected from each plot at 
seeding, 8 WAS and at harvest and P. quasitereoides/g 
soil was determined by qPCR (SARDI). Grain yields 
determined by hand harvest cuts.  
Statistical analyses: ANOVA, Fisher’s Protected LSD 
(p=0.05) and regressions were done with Genstat 17

th

edition. 

RESULTS AND DISCUSSION 
Why didn’t nitrogen reduce P. quasitereoides? Contrary 
to our original hypothesis, high rates of urea at seeding 
did not reduce the level of nematodes in the soil 
compared to nil nitrogen (Site 1), low basal rates of 
nitrogen (Site 2) or nitrogen applied as nitrate. This may 
be because the rates of urea were not high enough to be 
toxic to nematodes. Previous studies have concluded 
that rates above 150 kgN/ha are required for significant 
suppression (2). Also, growing season rainfall was well 
below average with no rainfall 28 days post sowing at 
Site 1 which may have resulted in some volatilisation 
(loss) of the urea rather than movement into the root 
zone. Reduced ammonium in the soil would have 
reduced the required population spike in nitrifying 
microbes and reduced the expected competition and 
predation required to reduce plant parasitic nematode 
numbers.  Burying the nitrogen below the seed would 
have reduced volatilisation and had the added benefit of 
the seedling roots growing directly into the high nitrogen 
zone.  

Instead of nitrogen reducing root lesion nematode 
levels, it actually resulted in greater (p<0.05) nematode 
multiplication over the season at both sites in plots that 
received nitrogen compared to plots with only basal or 
nil nitrogen (Figures 1 and 2). At Site 1, 120 kgN/ha 
increased the end of season P. quasitereoides levels by 
36% compared with nil added nitrogen and 18% 
compared with plots treated with 60 kgN/ha (Figure 2). 
Higher end of season root lesion nematode levels 
increase the likelihood of these parasites reducing yield 
and plant health in subsequent crops. If growers choose 
to increase cereal yields by increasing nitrogen inputs, 
they should be aware that they may also be increasing 
nematode levels and potential impacts on subsequent 
crops.  
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Figure 1. P. quasitereoides multiplication in Mace  wheat over 
the growing season in plots treated with basal N (12 kgN/ha) 
compared with plots receiving higher N (60-108 kgN/ha), Site 2. 
Different letters indicate a significant difference between 
treatments (p<0.05). 

Figure 2. Effect of nitrogen rate on P. quasitereoides levels in 
the soil at the end of season, Site 1. Different letters indicate a 
significant difference between treatments (p<0.05). 

Effect of nitrogen on root growth and P. quasitereoides: 
More wheat root DNA (p<0.05) was measured in 400 g 
soil samples from plots that received the highest rate of 
Flexi-N and all plots treated with urea compared to the 
nil nitrogen plots (Figure 3). Also, an increase in wheat 
root DNA resulted in significantly (p<0.001, r=0.5) more 
root lesion nematodes in the soil cores (Figure 4). Thus, 
increasing nitrogen increased the amount of wheat root 
resulting in a larger food source for root lesion 
nematodes to feed and multiply which resulted in an 
increase in nematode levels. 

Figure 3. Calingiri wheat root DNA (pg DNA/g soil) in soil 
samples taken 13 WAS in plots treated with different rates (nil, 
60 or 120 kgN/ha) calcium nitrate (CaN), Flexi-N (FN) or urea (U) 
Site 1. The line represents the least significant difference of the 
means (5% level). 

Figure 4. Correlation (p<0.001, r=0.5) between the amount of 
Calingiri wheat root DNA and the number of P. quasitereoides/g 
soil in 400g soil samples taken 13 weeks after sowing, Site 1. 

Effect on yield: At Site 1 120 kgN/ha resulted in an 
increase (p=0.01) of 0.34 t/ha yield compared with 60 
kgN/ha and 0.9 t/ha compared with nil nitrogen. There 
was no difference in the yield between the nitrogen 
sources or timing of application at either site. At both 
sites, increased nitrogen increased grain protein levels 
(p<0.05). At Site 2 this resulted in a higher grade grain, 
which would increase the price received by the grower. 
At Site 1, nitrogen improved grain protein, but protein 
levels remained below ANW1 levels for all treatments. 
This indicates that increasing nitrogen inputs in a 
paddock infested with P. quasitereoides is likely to 
improve grain yield and/or quality. 

SUMMARY 

 The nitrogen form, rate or timing did not reduce P.
quasitereoides in a susceptible wheat compared to
plots where less N was applied.

 Applying extra nitrogen, to lessen potential crop
losses in P. quasitereoides infested paddocks may
also increase the root lesion nematode levels due to
a larger food source from increased root production.
This higher level of nematodes remaining in the soil
at the end of season may negatively impact yield and
growth of subsequent crops.

 Extra nitrogen increased yield and/or grain quality in
P. quasitereoides infested paddocks.
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INTRODUCTION 
Ibipora lolii was first described by Siviour and McLeod 
(1979) in turf grass with very poor root growth and 
unthrifty appearance on bowling greens and golf 
courses in the Newcastle region of NSW. It was given the 
common name of southern sting nematode by Stirling et 
al. (2013) to differentiate it from the North American 
sting nematode, Belonolaimus longicaudatus.  

There is strong evidence to indicate that I. lolii was 
introduced into the Perth metropolitan area of Western 
Australia during the 1970s on turf planting material from 
Newcastle. It has since become a widespread problem 
on irrigated turf grass within the region known as the 
Swan Coastal Plain, where the sandy soils provide an 
ideal habitat for the nematode (Stirling et al. 2013).  

B. longicaudatus has been studied extensively in
the USA, due to its economic importance on turf grass 
and a range of horticultural crops, but there has been 
very little research into I. lolii in Australia. The aim of this 
study was to contribute to this limited knowledge base 
by investigating the distribution and population 
dynamics of I. lolii on turf grass in Western Australia. 

MATERIALS AND METHODS 
Survey: Municipal sports fields in the Perth region were 
surveyed between May and September 2015 to 
ascertain the distribution of I. lolii. Ninety randomly-
selected sites were sampled, representing 
approximately 20% of the sports fields within each of 21 
municipalities. Soil samples consisted of 15 cores/ha, 20 
mm in diameter and 10 cm deep. Nematodes were 
extracted from a 200 mL sub-sample placed on a 
Whitehead tray, recovered after 48 hours using a 38 µm 
sieve and counted under a compound microscope at 40X 
magnification.  

To better understand the distribution of I. lolii 
within sports fields, ten sites where the nematode was 
detected in the survey were selected for sampling 
between January and April 2016. At each site, three 
representative locations were selected to compare the 
numbers of I. lolii: a good area with no symptoms of 
damage; a moderately affected area with slight 
symptoms; and a poor area with severe symptoms.  

Population dynamics: The population density of I. lolii at 
two kikuyu sports fields in the Perth region was 
monitored for two years commencing in April 2016. 
Three plots (2 x 2 m) were marked at each site, from 
which soil samples were collected every two months at 
a depth of 0-10 cm, and twice per year (summer and 
winter) at 10-30 cm, 30-50 cm, and 50-70 cm. 
Nematodes were counted as male, female and three 
juvenile stages, based on the size ranges: J2<625 µm; J3 
625-1250 µm; J4 >1250 µm, as measured using a scale
bar in the eyepiece of a compound microscope at 40X
magnification.

RESULTS AND DISCUSSION 
Survey: Kikuyu (Pennisetum clandestinum) was the most 
common turf species, but it was often in a mixed sward 
with other species, including couch (Cynodon dactylon) 
or perennial ryegrass (Lolium perenne). I. lolii was 
detected in 51% (46 out of 90) of the sports fields in the 
survey, indicating that the nematode is widespread in 
the Perth region. Nevertheless, its absence from almost 
half the fields highlights an opportunity to prevent 
further spread with appropriate biosecurity measures.  

The mean population density of I. lolii in the sites 
where it was detected was 27/200 mL of soil. However, 
based on the symptoms observed in the turf e.g. sparse 
turf cover and shallow root systems, infestations were 
not evenly distributed within the sports fields. The 
symptoms of damage in the turf were a good indicator 
of the variation in nematode population density (Table 
1).  

In most cases, I. lolii was not detected in the good 
areas of turf. Infestations were generally localised in 
high-traffic areas where turf had been replaced in the 
past. As some turf farms are known to be infested, this 
is the most common method of introducing the 
nematode to a new site. 

Table 1. Distribution of I. lolii within ten sports fields. 

Representative 
location 

Mean no. nematodes/200 mL 
soil ± SE 

Good area: no 
damage 

26 ± 24 

Moderate area: 
slight damage 

131 ± 28 

Poor area: severe 
damage 

202 ± 34 

Population dynamics: I. lolii exhibited a pattern of 
seasonal fluctuation in population density. Numbers 
increased in cool and wet conditions from May to 
October, then declined during the hot and dry period 
from November to April. Juvenile stages were present at 
every sampling date, indicating that I. lolii reproduces 
all-year-round, peaking in October (Figure 1). Thus, late 
winter and early spring is the period when the most 
damage to the turf root system occurs from nematodes 
feeding.  

In terms of the distribution of I. lolii down the soil 
profile, the highest population density was in the top 10 
cm, where the majority of the turf root system is 
located. The nematode was also found at all sampling 
depths to 70 cm (Table 2), demonstrating its capability 
of deep vertical movement. The implications for turf 
management are significant. Any control measures 
applied to the surface, or the removal and replacement 
of soil, will not prevent reinfestation by nematodes 
living deeper in the profile. The population dynamics at 
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depth followed the same trend as the surface, with 
higher numbers in winter than summer. 

Figure 1. Population dynamics of I. lolii in a kikuyu sports 
field 

Table 2. Depth distribution of I. lolii in a kikuyu sports 
field 

Depth Mean no. nematodes/200 mL soil ± SE 

June 2016 February 2017 

0-10 cm 419 ± 71 335 ± 42 

10-30 cm 61 ± 17 26 ± 6 

30-50 cm 51 ± 9 26 ± 5 

50-70 cm 77 ± 35 50 ± 10 

SUMMARY 

 In a survey of municipal sports fields in the Perth
region of Western Australia, the southern sting
nematode (Ibipora lolii) was detected in 51%, or 46 
out of 90 randomly-selected sites.

 Monitoring of the nematode’s population dynamics
revealed that the numbers increased in the cool, wet 
conditions from May to October, and then declined
during the hot, dry period from November to April.

 I. lolii was found at all sampling depths to 70 cm, 
indicating that the nematode is capable of deep
vertical movement in the soil profile.
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INTRODUCTION 
Damage threshold of root-knot nematodes (RKN) is the 
nematode density at which the yield begins to decrease 
significantly [1]. It is the foremost important factor to 
consider prior to crop establishment to avoid 
unexpected crop losses or unnecessary chemical/ 
control measure applications. Various models have been 
used to estimate the damage functions of plant-parasitic 
nematodes in different crops. In annual crops such as 
vegetables, the severity of damage caused by RKN is 
related to the number of nematodes present at planting 
[2]. It may be as low as 1 nematode/200 g soil for 
particularly susceptible crops such as carrots, or where 
conditions are conducive with hot climates and sandy 
soils [2]. However there is no evidence for specific RKN 
damage threshold identified for sweetpotato, although 
it is an important crop to Australia worth of $80 million 
annually [3]. Yield losses from RKN infestation in 
untreated local sweetpotato fields could be as high as 
57% based on recent surveys in different Queensland 
regions [4]. The objective of this experiment was to 
estimate the damage threshold of RKN in sweetpotato in 
red ferrosol and grey sandy soils. 

MATERIALS AND METHODS 
Study site: This study was conducted in Bundaberg 
Research Facility glasshouse (24° 50' S / 152° 23' E), 
Queensland, Australia during October, 2016 - March 
2017. 
Pot preparation and RKN inoculation: Sixty 10 L black 
polythene pots were filled (8 L) with grey sandy and red 
ferrosol field soil (30 pots from each). The Meloidogyne 
javanica eggs were inoculated as T1: 0 /200 mL soil 
(control), T2: 5 /200 mL soil, T3: 10 /200 mL soil, T4: 20 
/200 mL soil, T5: 50 /200 mL soil and T6: 100 /200 mL 
soil with five replicates for each nematode density. The 
pots were arranged in randomized complete block 
design. 
Plant establishment and management: The 
sweetpotato susceptible variety ‘Orleans’ was used in 
the experiment. Vine cuttings of 15-20 cm in length 
were planted. Three nodes were buried having two fully 
opened leaves with a tip above ground.  
Measurements and Data collection: The fresh weights 
of total storage roots, RKN damaged, and undamaged 
storage roots were measured. 
Statistical analysis: Sweetpotato undamaged storage 
root weight (g/plant) was plotted against Pi densities 
(log10 x + 1) to depict both linear and polynomial 
regression lines. Then the RKN damage threshold (DT) 
was estimated from the curves as the point at which 
yield began to decrease compared to the point at zero 
RKN [1]. 
Undamaged sweetpotato storage root weight was 
analyzed using one-way ANOVA for two soils separately 
in SPSS statistical package (version 24) and means were 
separated using Tukey mean separation technique.  

RESULTS AND DISCUSSION 
Relationship between pre-plant RKN population 
density (Pi) and storage root yield: Storage root weights 
of both soils were significantly affected by RKN initial 
density ( 
Table 1). Grey sandy soil had higher undamaged storage 
root yield compared to red ferrosol soil.   
Depicting the log Pi –undamaged yield lines as linear and 
polynomial regressions, indicated that there was a 
negative relation between Pi and sweetpotato yield in 
both soils. Damage threshold was estimated from 
polynomial regression line where the yield started 
decreasing compared to control.  Grey sandy loam soil 
had a lower RKN damage threshold for sweetpotato 
compared to red ferrosol soil. In grey sandy soil the 
damage threshold was reached when Pi was 0.99 (~1) J2 
/ 200 mL soil (Figure 1) whereas it was estimated as 1.09 
(~1) J2 / 200 mL in red ferrosol soil. This value is closest 
to the RKN threshold of 1 RKN/200 g soil identified for 
carrots [2], but much lower than the thresholds 
identified in different studies for other crops. Damage 
threshold for tomato has been identified as 10 - 64 RKN/ 
200 mL soil [5-7] and  for eggplant as 11 RKN/ 200 mL 
soil [8]. Damage threshold of M. arenaria  to common 
bean has been estimated to be as low as 3 
juveniles/200g soil [1]. As this threshold level for 
sweetpotato is much lower, better sampling and 
monitoring strategy need to be developed in 
sweetpotato to pick up the low RKN density (1 
nematode/200 mL soil) in the pre-planting samples. 

Table 1: Sweetpotato undamaged storage root weight in 
relation to different pre-plant RKN density (Pi) of RKN 

Pi/ 200 
mL soil 

Sweetpotato undamaged root weight 
g/plant 

Red ferrosol soil Grey sandy soil 

0 69.51
ab

±18.45 133.96
a
±12.03

5 91.08
a
±13.92 95.76

abc
±13.15

10 67.86
ab

±10.25 84.42a
bc

±10.47

20 48.87
ab

±17.53 104.49
ab

±14.70

50 26.26
ab

±19.24 46.68
bc

±19.30

100 13.97
b
±8.74 35.21

c
±21.66

Means followed by the same letter are not significantly 
different.  
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Linear: y = -47.535x + 137.72 
R² = 0.4501 

Quadratic: y = -11.989x2 - 23.506x + 
130.99 

R² = 0.4625 
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Figure 1: Relationship between Pi and sweetpotato yield in (a) 
grey sandy and (b) red ferrosol soil 

It was estimated that yield loss in these Pi levels were 
10.3% and 10.4% in grey sandy soil and red ferrosol soil 
respectively based on the equations of linear 
relationship showed in Figure 1. That strengthen the 
estimation of threshold nematodes levels and 
calculations in the experiment as ‘damage threshold’ has 
been defined as 10% yield loss in previous discussions 
and studies [9, 10]. 

SUMMARY 

 This pot experiment indicated that RKN threshold
level in sweetpotato could be very low (about 1 
juvenile/200 mL soil), similar to carrot and lower
than the values observed for tomato, eggplant and
common bean.

 The RKN damage threshold level in sweetpotato was
affected by soil type, grey sandy soil having slightly
lower RKN threshold than red ferrosol soil.

 As the RKN threshold is lower in sweetpotato, better
sampling and monitoring strategy need to be
developed in sweetpotato to detect the low RKN 
density (1 nematode/200 mL soil) in the pre-planting
samples.
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INTRODUCTION 
Macrophomina phaseolina (Tassi) Goid. is a generalist 
soil-born pathogen, which is endemic to Australia. The 
pathogen has a broad host-range of both monocot and 
dicot plant species which include numerous weed and 
crop plant species (1, 2). The disease is most commonly 
identified with summer crops, e.g. soybean, sorghum, 
sunflower, maize and mungbean (3) and occurs most 
often when hot, dry conditions occur during the growing 
season. Current estimates predict that north-eastern 
Australia will become hotter and dryer as a result of 
climate change (4, 5). Thus, it is likely that conditions 
favouring the development of this disease will become 
more common in the future. However, to date, no work 
has been done to determine the extent of the 
pathogen’s presence in Australian soils, in-paddock 
spatial variability, or the occurrence of the disease as 
correlated with pathogen presence and population 
levels. In this paper, we present findings from soil 
sampling and end-of-season disease assessments in 
sorghum paddocks across northern New South Wales 
(NNSW), south eastern Queensland (SEQ) and central 
Queensland (CQ) during the 2016/17 and 2017/18 
summer cropping seasons. 

MATERIALS AND METHODS 
Sampling locations: Sample collection locations were 
identified in areas representative of sorghum growing 
regions. The sites selected included locations with a 
previous history of sorghum lodging as well as sites with 
no previous history of lodging. Growers and agronomists 
were consulted and paddocks with significant in-field 
variability such as lodging, or soil type were divided into 
separate sampling areas to assess the effect of in-field 
variability on the M. phaseolina populations recovered. 
Data collected at each site included the following: 

 latitude and longitude coordinates,

 cropping history for at least immediate prior crop,
stubble management (e.g., no-till, minimum-till,
cultivated),

 indication of M. phaseolina or Fusarium spp. 
presence detected and/or lodging in the past,

 sorghum cultivar to be planted,

 irrigation regime (irrigated or dryland), and

 seasonal weather conditions (rainfall, temperature).
In 2016/17 season 32 sites in SEQ and CQ were sampled.
Sites in NNSW were not sampled due to the poor crop 
conditions. A total of 138 soil samples were collected.
In the 2017/18 season 41 sites were sampled in NNSW,
SEQ and CQ. A total of 185 samples were collected.

PreDictaB soil sampling strategy testing: Samples 
were collected following protocols designed by SARDI.
Fifteen locations per paddock with two cores using a

standard PreDictaB recommended soil corer (10 x 150 
mm) per location were taken, ensuring that the total
sample weight did not exceed 500g. Dependent upon
the paddock conditions, multiple sampling strategies 
were used. The strategies included:

1. Soil cores were taken from previous crop row
with no stubble pieces included in sample.

2. Soil cores were taken from previous crop row
with 15 stubble pieces included in sample.

3. Soil cores were taken from previous crop row
with 30 stubble pieces included in sample.

4. Soil cores taken from off the previous the plant
row with no stubble included in sample.

5. Soil cores were taken from off the previous
plant row with 30 stubble pieces 

Stubble collection: Sorghum stubble was selected for 
inclusion in sample strategies 2, 3 and 5. Stubble from 
the immediate prior season up to stubble which was 
greater than one-year-old was considered to be 
appropriate and included, where available. A cross-
section piece of 1 cm was cut from between the crown 
and first node of each stubble. The 1 cm piece was split 
longitudinally and half of the piece was included in the 
sample, the other half was discarded. 

Other plant material, including previous winter 
cereals, weeds or similar sized plant material were cut 
into sections 5 cm long which contained the crown or 
base and included in the sample where appropriate. 

Sample processing: PreDictaB samples were kept cool 
until they were air dried for 48 hours in direct sunlight or 
oven dried at 40˚C for 24-48 hrs before shipping to 
SARDI or express shipped if they could not be properly 
dried before shipping. 

Samples were processed by SARDI and tested 
for population levels of M. phaseolina using Taqman PCR 
methods. 
End of season evaluations: Sampled sites were revisited 
when the sorghum was mature. Plants were visually 
assessed for disease incidence and severity. Ten plants 
at each of the 15 locations where soil cores were taken 
were selected for evaluation. Lodging was assessed for 
each plant and stems were cut longitudinally and the 
presence or absence of Fusarium spp. and or M. 
phaseolina infection was quantified by measuring lesion 
length and counting the number of internodes crossed 
by the lesion. 

RESULTS AND DISCUSSION 
In the 2016/17 season all sites sampled were positive for 
the presence of M. phaseolina. In the 2017/18 season, 
all sites, which have been tested to date, were positive 
for the presence of M. phaseolina, however, eight 
samples were below detection limits (Figure 
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1).

Figure 1. Macrophomina phaseolina population densities (log 
kDNA copies/g soil) for each sampling strategy for 268 samples 
at 32 unique sites for the 2016/17 and 28 2017/18 summer 
cropping seasons. Population density categories are set by 

PreDictaB for benchmarking paddock purposes. Samples were 
collected in northern New South Wales, southeast Queensland 
and central Queensland. 

Sampling strategy differences: In the 2016/17 season, 
differences in M. phaseolina populations that were 
detected for each sampling strategy were observed 
(Figure 2). Sample treatments that included soil + 
stubble (strategies 2, 3 and 5) yielded greater levels of 
the pathogen as compared to soil only samples 
(strategies 1 and 4). 

Samples taken off-row containing stubble 
(strategy 5) had similar high levels as compared to 
samples taken on the previous crop row, which included 
stubble (sampling strategies 2 and 3). 

In the 2017/18 season, the results obtained 
thus far mimic the results from the prior season, where 
stubble increases the recovery of M. phaseolina (Figure 
2). This highlights the need to include stubble when 

testing for this pathogen using PreDictaB tests in spite 
of the soil-born nature of the pathogen. 

Figure 2. Differences in Macrophomina phaseolina populations 
(log kDNA copies/g soil) detected for each sampling strategy for 
268 samples at 32 unique sites for the 2016/17 and 28 2017/18 
summer cropping seasons. Population density categories are set 

by PreDictaB for benchmarking paddock purposes. Samples 
were collected in northern New South Wales, southeast 
Queensland and central Queensland. 

Within field variability: The variability within large 
paddocks with histories of lodging differentiation or soil 

types with uniform agronomic practices was found to 
not be important. 
Correlation of disease and pathogen population levels: 
In 2016/17 lodging occurred at low levels across all sites. 
Greater Fusarium infection lead to more lodging due to 
Fusarium than M. phaseolina. Because of this, 
correlations between M. phaseolina population densities 
and disease risk were not able to be completed in this 
season. However, work is being completed on this for 
the 2017/18 season and results will be presented in this 
presentation. 

SUMMARY 

 Results confirm the endemic nature of
Macrophomina phaseolina in the GRDC Northern
Cropping Region.

 Macrophomina phaseolina was detected in every
paddock sampled to date, with most paddocks being
Medium or High population densities.

 Little within-field variation of Macrophomina 
phaseolina population densities was observed,
indicating that a 1 ha sampling area is adequate.

 Initial findings indicate that despite the soil-borne
nature of the pathogen, inclusion of plant stubble
material is necessary for an accurate test result of in-
paddock pathogen population levels.
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The use of plant genetics to manage soil-

borne diseases has been a long term strategy 

of many research and plant breeding 

programs across many crops globally. The 

success of this strategy is reliant on having 

genetic variation for the trait in question and 

then an effective selection methodology that 

allows the trait to be selected. 

Cereal breeding programs in Australia 

have put a lot of effort into breeding for 

resistance and/or tolerance of soil-borne 

diseases. Soilborne diseases cause significant 

yield losses in grain crops in all Australian 

agro-ecological regions (Murray and Brennan, 

2009). The relatively low rainfall and infertile 

soils of the Australian field cropping zone 

mean that a plant’s ability to access soil water 

and nutrients is key to regional adaptation. 

Abiotic soil constraints typical of the 

Australian environment include sodicity, very 

low or very high pH, toxic levels of boron, 

iron, manganese and aluminium which all 

contribute to limited plant growth. To 

maximise productive capacity both the soil 

abiotic and biotic constraints need to be 

addressed.  

For cereals in Australia, the most 

common soil-borne biotic constraints are 

Cereal Cyst Nematode ((CCN); casual 

organisim Heterodera avenae Ha13), Root 

Lesion Nematodes ((RLN); Pratylenchus 

thornei and P. neglectus), Crown Rot 

(Fusarium pseudograminearum and F. 

culmorum), Take-all (Gaeumannomyces 

graminis var tritici in wheat and barley and 

Gaeumannomyces graminis var. avenae in 

oats) and Rhizoctonia root rot (Rhizoctonia 

solani AG8). 

Of these diseases, breeding for 

resistance and/or tolerance to take-all and 

Rhizoctonia has been the least successful due 

to the lack of identification of useful genetic 

variation in cereals to these organisms in spite 

of extensive exploration. As a result 

agronomic practices have been adopted to 

minimise the impact of these diseases. For 

both Take-all and Rhizoctonia, rotations 

including grass free breaks in the period 

leading up to cereal cropping has been a 

major strategy for control. For Take-all in 

furrow injection or on fertiliser application of 

fungicides has provided effective suppression 

and control at a relatively low cost with the 

advantage of also controlling several other 

fungal disease at the same time. For 

Rhizoctonia, new fungicide chemistry is now 

providing some level of control. 

Plant breeding has provided genetic 

options to industry for CCN, both species of 

RLN and to a lesser extent Crown rot. Table 1 

lists the diseases where effective resistance or 

tolerance genes are available and typical 

varieties of wheat carrying these genes. 

For wheat and barley in Australia, the 

best example of the success of breeding to 

provide widespread control of a biotic soil 

borne constraint is CCN. Genetic variability is 

present for both tolerance and resistance, but 

it is CCN resistance that has been the success 

story.  

In the 1970s and 80s CCN was a major 

limitation to cereal production in southern 

Australia. GRDC funded ‘Project 70’ to tackle 

the estimated $70m worth of losses that CCN 

was causing the industry per year. In the 

1970’s nematicides were implemented as 

broad acre control strategies. These were 

effective but were costly and difficult to apply, 

non-selective and were dangerous S7 

chemicals. Considerable work was done to 

show how effective a two year break could be 

in reducing nematode numbers, but this 

limited rotational options and relied on good 

grass weed control. Wheat was the major 
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crop in the rotation, but susceptible barley 

produced the highest nematode 

multiplication rates, so to be effective, 

resistance breeding needed to occur in both 

crops. Substantial effort was put into 

identifying resistance genes that could be 

deployed in Australia and research over 30 

years resulted in the identification in wheat of 

resistance genes Cre8, Cre1, Cre5 and Cre3 

and in barley Ha2 and Ha4, plus resistance in 

oats and triticale. 

Festiguay 1963 (Cre8) was the first 

wheat variety released with resistance, 

although nobody knew at the time it led to 

resistance being bred in a number of other 

varieties. In 1981 Katyil (Cre1) was the first 

variety released bred specifically for 

resistance to CCN and this gene has since 

been deployed in several other varieties 

(Table 1). In the same year Galleon barley 

(Ha4) was released and subsequently was a 

major contributor in CCN control. Fortunately 

in Australia only one pathotype of CCN; Ha13 

has been identified with no evidence of 

evolution in the nematode for virulence on 

these genes, which simplifies the breeding 

process relative to many foliar pathogens. 

Breeding to deal with disease 

constraints relies on an effective selection 

strategy for the trait. In the past this has been 

based on bio-assays to phenotype the genetic 

material and this remains the underlying 

technology we rely on to make progress. 

However molecular technologies have 

allowed us to develop tools (markers, QTL and 

genomics) to manipulate the genes directly. 

This is the main way modern breeding 

programs incorporate genes such as Cre1, 

Cre3, Cre5, Cre8, Ha2, Ha4, rlnn1 and the 

various QTL associated with resistance to RLN 

and crown rot. 

Summary 

 Breeding to limit losses from soil borne

diseases will continue to be a productive

strategy for control.

 Breeding relies on: (i) knowledge to

identify and quantify constraints for good

resource allocation, (ii) genetic variation

that is well characterised and (ii) tools to

allow plant breeders to manipulate the

genes effectively in breeding programs.

References 
1. Murray GM, Brennan JP (2009) Australasian Plant

Pathology 38, 558–570.

Table 1. Major soil-borne biotic constraints for wheat in Australia including genes for resistance or 

tolerance and typical varieties which express the trait. 

Biotic constraint Genes for resistance or 
tolerance 

Typical varieties carrying resistance or tolerance. 

CCN Ha13 Cre1 
Cre3 
Cre5 (vpm) 
Cre8 
Cre1 + Cre5 
Cre8 + Cre5 

Chara, Condo, Corack, Wallup 
Nil 
Bowie, Barham, Longsword, Mace, Scepter 
Yitpi, Kord CL Plus, Grenade CL Plus 
Beckom, Derrimut 
Cutlass, Estoc, Scout, Shield 

P. thornei – resistance
– tolerance

QTL in some varieties Sentinel, Suntop, durum 
Beckom, Chara, Condo, Coolah, EGA Gregory, EGA 
Wylie, Flanker, LRPB Lancer, Mace, Mitch, Reliant, 
Scepter, Sunguard, Sunmate, Suntime, Suntop, 
Sunzell, Wallup, Caparoi, DBA Aurora, DBA Bindaroi, 
DBA Lillaroi, Hyperno   

P. neglectus Rlnn1 Bowie, Barham, Chief CL Plus, Krichauff, Longsword, 
LRPB Arrow, Mace, Wallup, Wyalkatchem, Yenda, 
Zen 

Crown Rot Various QTL Baxter, LRPB Spitfire, LRPB Gauntlet, Mitch, 
Sunguard, Suntime 
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INTRODUCTION 
Due to the few characteristic above-ground symptoms, 
especially in no-till systems, the chronic wheat diseases 
rhizoctonia root rot, takeall and common root rot (CRR) 
are widespread, but often go unnoticed in the Australian 
wheat cropping region. Together, after the current best 
control practice, their current combined conservative 
losses are approx. $162m pa (Table 1), which exceed the 
losses caused by either crown rot, Pratylenchus thornei or 
P. neglectus (14). 

Table 1. Actual annual losses due to root diseases in wheat. 
Combined annual losses caused by take-all, rhizoctonia root rot 
and CRR exceed crown rot (14). 

Root Diseases Actual annual $ Loss 
2010/11 to 2015/16 

Takeall disease $  21.15 m 
Rhizoctonia root rot $  91.65 m 
Common root rot $  49.35 m 

Predicta B (Fig. 1) and GRDC National Paddock Survey 
project data (Table 2) show that these diseases are more 
widespread and important than was thought when the 
percent loss estimates used in Table 1, were calculated. 

Figure 1. 2017 Predicta B maps showing regions with high (red) 
medium (orange) and green (low) levels of the pathogens 

causing CRR, takeall disease and rhizoctonia root rot. 

(http://pir.sa.gov.au/research/services/molecular_diagnostics). 

Table 2. Rank of importance of variables contributing to the yield 
gap in wheat across the cropping regions as shown in the GRDC 
National Paddock Survey (9). 

Region In-
crop 
rain 

Applied 
nitrogen 

Previous 
crop 

Weeds Root 
disease 
score 

West 1 2 3 4 - 
South 4 1 2 5 3 
North 1 2 4 - 3

DISCUSSION 
Rhizoctonia root rot, takeall and common root rot diseases 
of wheat are not effectively and reliably controlled by best 
management and best rotations, and in the majority of 
situations, economic or practical reasons reduce the use of 
those methods. Fungicides only exist for rhizoctonia root 
rot and takeall, but their effects are unreliable and 
variable, they are costly, they have to be applied before it 
is known if the disease will develop that year, and at best 
they suppress, but do not control the disease (17). A plant 
resistance and inoculum based option is needed for the 
effective control of losses due to these diseases.  For 
farmers, a genetic solution is free, independent of 
agronomic practises and always in the background. 

Previous limited work in the area of resistance to 
the three diseases has established that: For rhizoctonia 
root rot, small differences in resistance exist among 
cultivars (15, 18, 21). Larger differences exist among 
landraces and wild relatives (6, 22), and cultivars influence 
inoculum carry-over, Fig. 2 (8). Recent funding of 
mechanistic work to understand the genetics of resistance 
to Rhizoctonia in the model species Arabidopsis and 
Medicago (3, 4, 12) has not led to any wheat lines that can 
be used as parents in wheat breeding programs. A mutant 
bread wheat line created using EMS as a mutagen showed 
resistance and tolerance in wheat to R. solani AG-8 (16). 
There appeared to be issues with the stability of the 
resistance, and mechanisms driving the resistance were 
not explored.  

In other gramineaceous plant diseases caused by 
Rhizoctonia, Sheath Blight of rice, Sharp Eyespot of wheat, 
root rot of maize and leaf spot of tall fescue, resistant lines 
have been identified (2, 7, 23). 

For takeall, differences in resistance have been 
shown in Australian, Chinese and European cultivars (5, 11, 
18). The capacity of a cultivar to influence inoculum carry-
over has also been found in New Zealand wheat cultivars 
(24). Early Australian work looked at rate of hyphal entry 
into the vascular tissue of cultivar seedlings in sand culture 
(19). International work showed resistance in modern 
Chinese and Eastern European cultivars under natural 
conditions. Recent research work in the UK with bread 
wheat relatives has shown good resistance levels in the 
diploid wheat species T. monococcum (13). 
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Figure 2. Influence of cultivar on R. solani AG 8 DNA in soils at 
the end of the 2015 crop season at Karoonda, SA. Modified from 
Gupta et al 2016 (8). 

For common root rot, resistance is known in 
both wheat cultivars and in bread wheat relatives. In 
Canada the old cultivars Thatcher, McMurachy, and Willet 
were considered moderately resistant (20) and their 
resistance was incorporated into breeding programs. In 
the current Australian bread wheat State Variety Guides, 
13% of cultivars are MRMS, 42% MS, 22% MSS and 22% S. 
This very low level of resistance reflects no breeding for 
CRR resistance in Australia. Apart from cultivars, good 
resistance to CRR has been found in wheat relatives T. 
timopheevii, Aegilops ovata, Th. Ponticum and the 
resistance has been transferred to older Canadian wheat 
breeding lines (1, 10). 

SUMMARY 

 For rhizoctonia root rot, takeall and CRR diseases of
wheat, the search for resistance in Australia has been
fragmented, involved very small germplasm diversity
and had no commercialisation path.

 Previous resistance screening work was often done
without precise phenotyping systems, without an 
understanding of the variability in resistance
expression, and without modern genotyping tools.

 The search for resistance to fusarium head blight and
crown rot disease of wheat suffered from similar
problems, but recently good results have been found
for those diseases with more systematic and thorough
germplasm screening and better phenotyping. With a
comprehensive pre-breeding program, effective levels
of resistance to rhizoctonia root rot, takeall and
common root can also be identified and delivered to
Australian wheat breeding programs.
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INTRODUCTION 

Fusarium crown rot (FCR) and common root rot (CRR) 

are significant diseases of winter cereals in Australia and 

worldwide. These diseases cause brown discolouration 

in the sub-crown internode, basal culm tissue, and 

subsequent yield losses (1, 2). Fusarium crown rot may 

be caused by a complex of Fusarium species, including 

Fusarium pseudograminearum (Fp), Fusarium culmorum 

(Fc), Fusarium graminearum (Fg), F. avenaceum, and F. 

crookwellense (2, 3). In Australia, FCR disease is 

predominantly caused by Fp and Fc (4). In different parts 

of the world, such as the USA, Fg is an important FCR 

causing pathogen (3). In Australia, however, Fg is not a 

major FCR pathogen (5). The fungus Bipolaris 

sorokiniana (Bs) is a soil borne pathogen causing CRR 

and seedling blight (6). Bipolaris sorokiniana is often 

associated with other Fusarium species such as Fc and 

Fp causing a dryland root rot complex (7). Bread wheat, 

barley, durum wheat, triticale, and oat are potential 

hosts for Fp, Fg, Fc, and Bs (2, 8). Understanding the 

capability of these four pathogens to induce FCR and 

CRR symptoms in five winter cereals (bread wheat, 

barley, durum wheat, triticale, and oat) in the field will 

provide valuable information for management strategies 

targeting FCR and CRR diseases in crop rotations. In 

addition, this research will improve the understanding of 

pathogen colonisation in different hosts. 

MATERIALS AND METHODS 

Inoculum preparation: Two isolates of each pathogen 

species (Fp, Fg, Fc, and Bs) were used in this study. A 

single spore collected from each pathogen was used to 

produce colonised wheat and barley inoculum. Inoculum 

bags were incubated at 25°C for three weeks. Colonised 

grains were then dried at 25°C for 14 days. Colonised 

grains were ground and stored at 4°C (9). 

Field experiments: Field experiments were conducted at 

the Wellcamp Research Station, Darling Downs, 

Queensland, Australia, in 2016 and 2017.  In 2016, two 

isolates each of Fp, Fc, Fg, and Bs were used to inoculate 

the host cultivars and in 2017 the two isolates from each 

pathogen were combined for inoculation. Un-inoculated 

plants were used as a control. Three replicates of five 

commercial cultivars (bread wheat (Livingston), barley 

(Grimmett), durum wheat (Hyperno), triticale 

(Endeavour), and oat (Genie)) were exposed to the four 

FCR and CRR pathogens. Each experiment was designed 

as a randomised complete block design. Twenty seeds 

were sown per plot, and 2 g of inoculum was applied 

into the 1 m long furrow. Plants were harvested at 

tillering, flowering and maturity. 

Disease severity rating: At each harvest the culms and 

sub-crown internode (SCI) of approximately ten plants 

were rated for disease severity using 0-100% rating scale 

where 0 = no discolouration and 100% = completely 

discoloured tissue.  

Data analysis: To ensure the assumptions of normality 

were not violated a logit transformation was used for 

disease severity values of the culms and SCIs of 

individual plants. Culm and SCI disease severity were 

each analysed in a linear mixed model framework. All 

analyses were performed using ASReml-R  (10), in the R 

software environment  (11) ). Significance of fixed 

effects were assessed using a Wald test with a value of α 

= 0.05. 

RESULTS AND DISCUSSION 

This is the first time visual disease symptoms on the 

culm and SCI of five winter cereals have been compared 

using multiple separate FCR and CCR causing pathogens 

in field experiments.  

Disease severity on culms and SCI: The two experiments 

indicated that there was a significant interaction 

between pathogen, harvest time, and cultivars for 

disease severity of culms (p= 0.003). This suggests that 

disease severity is influenced by all these factors. In 

2016, in the majority of the pathogen by cultivar by 

harvest time combinations there were no significant 

differences between isolates in the disease severity of 

the culms. The disease severity for culms and SCI 

increased on most cultivars from tillering (data not 

shown) to flowering and became more severe at 

maturity in the Fp and Fc treatments (Figs. 1&2). In 

2016, Bs resulted in low levels of disease severity in all 

cultivars. In 2017, however, at maturity Bs caused 

similar disease severity to Fc in bread wheat and a 

similar reaction to Fg in durum wheat (Fig. 2).  

Figure 1. Mean values of disease severity on the culms 

for the pathogen by isolate by cultivars by harvest time 

interaction in 2016. Subscripts represent least significant 

differences within a cultivar by harvest time 

combination.    
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Figure 2. Mean values of disease severity of the culms caused 
by four pathogens (combined Isolates) across five cultivars at 
flowering and maturity in 2017. Subscripts represent least 
significant differences between pathogens within a cultivar by 

harvest time combination. 

In both experiments, SCI disease severity had a 
significant interaction between cultivars and pathogens 
(p = 0.001), which suggests that the pathogens cause 
different reactions on the SCI in each host. Across the 
two years, Fp frequently caused greater SCI disease 
severity in all cultivars, except in oat in the 2017 season 
(Figs. 3 a & b). Disease severity varied between the two 
years on the SCI. This was potentially due to the 
significant variation in rainfall between the two seasons, 
whereby 2016 was a very wet winter/early spring, 
compared to very dry conditions throughout 2017. 

Figure 3. Mean value of SCI disease severity for pathogens 

across each cultivar in (a) 2016 and (b) 2017. Subscripts 

represent least significant differences in 2016 and 2017 

between pathogens for combined isolates within a cultivar.   

Bread wheat, durum wheat and barley showed the 

greatest disease severity on culms and SCI when 

exposed to Fp and Fc, while low levels of disease 

severity were recorded in oat across all harvests in both 

experiments. Fp and Fc treatments exhibited greater 

disease severity on culms and SCI compared to Fg and Bs 

treatments.  Furthermore, Fg isolates did not cause any 

significant disease severity on the culm or SCI in these 

experiments, suggesting that these isolates are not 

important FCR pathogens. The reactions of the five 

winter cereals exposed to three pathogens causing FCR 

and one causing CRR will inform modern strategies for 

FCR and CRR disease management. It will also inform 

breeding strategies, and the search for resistance in 

these different cereal species. 

Summary 

 There is variation in disease severity between the

four pathogens on five winter cereals, and across

different harvest times 

 Fp isolates resulted in the greatest disease

severity, followed by Fc isolates

 Bread wheat, barley, durum wheat and triticale 

exhibited the greatest disease severity due to the 

FCR and CRR pathogens, while oat exhibited the

least disease severity
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INTRODUCTION 
Crown rot, caused predominantly by Fusarium 
pseudograminearum, is a major disease of wheat and 
barley across the grain growing regions of Australia (1), 
with losses due to the disease estimated to cost industry 
$97 M annually (2, 3). 

Crown rot infection presents visually as a 
honey-brown discolouration at the base of infected 
tillers, with browning extending upwards from the base 
of the tiller as the severity of the pathogen burden 
increases. This browning is a symptom of the growth of 
hyphae into plant cell tissues, affecting water and 
nutrient translocation and resulting in a reduction in 
grain yield. The extent of yield loss is dependent on both 
the severity of infection and timing of water stress 
relative to crop development (4). 

To asses yield loss due to the disease, a range 
of crown rot inoculum levels are applied, resulting in the 
development of differential pathogen burdens. Cultivars 
are exposed to this range of disease levels, thus enabling 
the quantification of cultivar tolerance, where tolerance 
is defined as the rate of change in yield under increasing 
pathogen burdens (5). The resistance of cultivars can 
also be explored, through a comparison of the extent of 
crown rot disease symptoms exhibited (crown rot index).  

Response curves that describe the relationship 
between grain yield and increasing crown rot pathogen 
burden have been developed. These relationships 
quantify yield losses due to disease, and estimate the 
tolerance and resistance of cultivars to crown rot, in a 
single environment (6). 

This study presents an extension of the 
response curve methodology to consider variation in the 
responses of cultivars to crown rot across different 
environments in the northern grains region of Australia. 
MATERIALS AND METHODS 
Experimental method: A series of twelve field 
experiments conducted throughout northern New South 
Wales and southern Queensland from 2014 to 2016 are 
considered in this study. 

In each experiment, a consistent set of four 
bread wheat cultivars and one durum wheat cultivar 
were exposed to six rates of crown rot inoculum; 0, 0.25, 
0.5, 1.0, 2.0 and 4.0 grams of inoculum per metre row 
(g/m row), applied to experimental plots at sowing.  

The treatments were randomised according to 
a split plot design, where cultivars were allocated to 
main plots and the rates of applied inoculum were 
allocated to sub plots, randomised within main plots. In 
the 2015 and 2016 experiments, three replicates of each 
treatment combination (cultivar and applied inoculum 
rate) were included in each experiment, while the 2014 
experiments consisted of four replicates. 

A visual measure of crown rot symptoms based 
on the incidence and severity of browning of infected 
tillers, was calculated for 25 plants randomly sampled at 

harvest from each plot in each experiment. For each of 
the plants sampled, a measure of crown rot incidence 
was derived by determining the number of tillers 
exhibiting basal browning symptoms out of the total 
number of tillers on the plant. The average extent of 
browning symptoms on tillers from each plant was 
scored between 0 and 3 (increasing in 0.5 increments) to 
provide a measure of crown rot severity for each plant. 
The crown rot index was then calculated for each plant 
using the equation below 

Crown Rot Index = �
Tillers with Basal Browning

Total Number of Tillers
×

Extent of Basal Browning

3
 × 100% 

with the resulting values ranging between 0% and 100%. 
Grain yield was measured at maturity on a plot basis in 
each experiment. 
Analysis method: Response curves describing the 
relationship between yield and crown rot index were 
estimated for each cultivar in each environment, where 
environment refers to the specific set of environmental 
conditions experienced during the conduct of each 
experiment at one site, in each year. Response curves 
were modelled using a random regression approach, 
implemented in a linear mixed model framework (6). 
Linear and quadratic covariates corresponding to the 
crown rot index measured on a plot basis (averaged over 
plants) were fitted as a fixed effect, along with terms to 
account for environment, cultivar and the interaction of 
cultivar with both linear and quadratic covariates. 
Random effects were included to account for the 
interaction of environment by cultivar and the 
interaction of environment, cultivar and the linear crown 
rot covariate. These two terms enabled the estimation of 
different yield potentials and rates of change for each 
cultivar in each environment. The terms were correlated 
to ensure that the model remained invariant to 
translation. For each environment, additional random 
effects were also fitted to account for the experimental 
design structure of replicate block, main plot within 
replicate block and sub plot within main plot, within 
replicate block. 

The intercept and rate of change for each 
cultivar in each environment were estimated from the 
model as empirical best linear unbiased predictions. 

All variance components were estimated using 
Residual Maximum Likelihood (7), implemented through 
the ASReml-R package (8) in the R statistical computing 
environment (9). 
RESULTS AND DISCUSSION 
The analysis revealed variation in the yield potential and 
rate of change in yield under increasing crown rot 
pathogen burdens between environments and cultivars. 

Response curves describing the relationship 
between yield and crown rot index for each of the 
twelve environments are presented in Figure 1a and 1b 
for the bread wheat cultivars Sunguard and Suntop 
respectively. Of the five wheat cultivars considered, 
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these cultivars displayed differential mechanisms for 
limiting yield losses associated with crown rot infection. 

Figure 1. Response curves describing the relationship between 
yield and crown rot index for the bread wheat cultivars (a) 
Sunguard and (b) Suntop in each of the twelve northern 
Australian grain growing environments considered in this study. 
Different coloured points and lines denote the different 
environments. 

Cultivars that exhibit resistance to crown rot will 
display less basal browning symptoms, as measured by 
crown rot index values, than less resistant cultivars. 
Sunguard exhibited the greatest resistance to crown rot, 
consistently displaying the lowest crown rot index values 
of the cultivars considered (Fig 1a). Although exhibiting 
the most resistant response, Sunguard displayed a large, 
nonlinear rate of change in yield as crown rot pathogen 
burdens increased, demonstrating a lack of tolerance to 
the disease. 

Tolerance to disease, defined as the rate of change 
in yield as pathogen burden increases (5), is assessable 
through the rate of change (slope) estimated for each 
cultivar from the random regression model. The model 
revealed that Suntop consistently displayed a smaller 
rate of change as crown rot pathogen increased 
compared to other cultivars and was the only cultivar of 

those considered to not display a nonlinear rate of 
change (Fig 1b). 

Also evident from the analysis was the substantial 
variation in the tolerance and resistance of cultivars 
across environments. Future work aims to group 
environments in which cultivars demonstrate similar 
rates of change in yield as crown rot pathogen burdens 
increase. By grouping environments, the environmental 
characteristics that influence the extent of yield losses 
and expression of similar levels of tolerance to crown rot 
can be identified. 
SUMMARY 

 Response curves describing the rate of change in 
yield due to increasing crown rot pathogen burdens
were estimated for five wheat cultivars in twelve
environments across the northern grains region of
Australia; revealing  variation in the tolerance and
resistance of cultivars to crown rot across 
environments.

 By grouping environments in which cultivars
demonstrate similar rates of change in yield under
increasing crown rot pathogen burdens,
characteristics that potentially influence the levels of
yield loss incurred can be identified.

 Through a better understanding of the
environmental characteristics that influence yield
losses due to crown rot, growers can identify and
implement management strategies to maximise
returns in the presence of this disease.
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INTRODUCTION 
Crown rot, caused predominantly by the fungus Fusarium 
pseudograminearum (Fp), is a major disease of wheat and 
barley crops in the northern grains region (NGR) of 
Australia, and is estimated to cost growers around $97 m 
annually (1). Yield loss varies between winter cereal crops 
with the approximate order of increasing loss generally 
barley, bread wheat and durum, but differences between 
varieties have been reported in single trials (2).  

The impact of crown rot on the yield and grain 
quality of current commercial cereal varieties was 
examined across 33 field experiments conducted in a range 
of locations in the NGR, from 2013 to 2015. These data 
form a multi-environment trial (MET) dataset that can be 
used to investigate variety by environment (VxE) 
interaction, along with the responsiveness of varieties to 
crown rot; that is, the ability of a variety to perform in the 
presence of disease, independent of its yield potential. 
MATERIALS AND METHODS 
Description of experiments: A total of 33 experiments 
conducted in grower paddocks or on NSW DPI research 
farms across the NGR comprised the MET dataset 
considered in this analysis. 

In each of the experiments, a suite of commercial 
cereal varieties were exposed to uninoculated and 
inoculated (2 g Fp inoculum/m row) treatments, where 
inoculated treatments were established by applying 
sterilised durum grain colonised by five isolates of Fp at 
sowing. Treatment combinations, that is the combination of 
variety and crown rot inoculum, were randomised 
according to a randomised block design, where each 
treatment combination was replicated three times in each 
experiment. 

A consistent set of cereal varieties were tested in 
experiments within years, however a proportion of the 
varieties varied between years. Yield and grain quality were 
obtained from samples collected using plot harvesters. 
Analysis method: Yield and grain quality attributes were 
initially analysed on an individual experiment basis using a 
linear mixed model framework. Fixed terms were included 
to account for cereal type and variety, crown rot inoculum 
and their interaction, within each cereal type. The addition 
of a cereal type term was necessary to guard against the 
artificial inflation of variance that can be induced through 
the inclusion of treatments that display extreme or 
polarising responses in the presence of disease; such as the 
increased susceptibility of durum varieties in the presence 
of crown rot. The model also included terms to account for 
spatial trends in the field where appropriate (3). 

The MET analysis of yield and grain quality 
attributes was conducted in a linear mixed model 
framework, with fixed effects included to account for 
environment, cereal type and their interaction. 
Environment was defined as the combination of year, 
location and inoculum level, resulting in two environments 
per experiment and 66 environments in total. Random 
effects were included to account for replicate block at each 
experiment. A mixture of fixed and random terms to 

account for spatial trends detected in individual 
experiments were also included where appropriate (3). 

The modelling of the VxE interaction effects was 
achieved through the use of a factor analytic (FA) model (4). 
Commencing with a first order model, higher order terms 
were sequentially added until a suitable proportion (greater 
than 85%) of the VxE variance was explained by the FA 
component of the model. The residual maximum likelihood 
ratio test (REMLRT) and Akaike information criteria (AIC) 
were used to confirm the selection of an appropriate 
model. 

Residual Maximum Likelihood (REML) estimation 
(5) was used to obtain estimates of the factor loadings and
the specific (or residual) varietal variance at each 
environment from the FA model. Estimates of the genetic
correlations between pairs of environments were
calculated from these factor analytic variance parameters,
where the correlations provide a measure of the agreement
in yield or grain quality of the varieties.

Predictions of the performance of each variety at 
each environment were provided from the FA model as 
empirical best linear unbiased predictions (eBLUPs). 

Estimates of responsiveness for each variety at 
each experiment were calculated by conducting a 
regression of the variety effects under inoculated crown rot 
conditions against the variety effects under uninoculated 
conditions. The slope of the regression line was calculated 
using the genetic correlation between uninoculated and 
inoculated environments within each experiment, weighted 
according to the ratio of the genetic variance of each 
environment. The deviations of the variety effects from the 
regression line is defined as responsiveness. 

All models were fitted using the ASReml-R 
package (6) in the R statistical computing environment (7). 
RESULTS AND DISCUSSION 
Given limitations on space, only results from the MET 
analysis of yield data are presented in this paper.  A factor 
analytic model of order four (FA4) was selected as the most 
appropriate model for the VxE effects, accounting for 
approximately 91% of the total VxE variance. Both the 
REMLRT and AIC confirmed that the FA4 was superior to 
the FA3 model. 
Variety by environment Interaction: The estimated genetic 
correlations between pairs of environments are displayed 
using a heatmap in Figure 1. Environments are ordered by 
inoculation status, with uninoculated environments 
appearing together, followed by inoculated environments. 
Pairwise correlations range from approximately -0.93, 
indicating a reversal in variety ranks between 
environments, through to 0.99, indicating a strong 
agreement in the variety ranks.  

The MET analysis of yield across a combination of 
66 uninoculated and inoculated environments in the NGR 
revealed more VxE interaction between uninoculated 
experiments than inoculated experiments, for the set of 
varieties considered (Fig 1).  

The increased VxE interaction in uninoculated 
experiments can be explained in part due to the typical 
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environmental differences that are associated with 
conducting experiments across locations and years, but also 
due to differences in the background levels of crown rot 
inoculum and other constraints (root lesion nematodes) 
present in each location. Background crown rot levels as 
determined by PreDicta B for each location varied from low 
(<1.4 log Fusarium DNA/g soil) to high risk (>2.0 log 
Fusarium DNA/g soil). 

Figure 1: Heatmap of the genetic correlations between 
pairs of environments. Uninoculated environment names 
are followed by an M, while inoculated environment names 
are followed by a P. The coloured key indicates the 
correlation scale from -1 to 1. 

The reduced amount of VxE interaction witnessed 
between inoculated environments demonstrates that 
under higher crown rot pressure, variety outweighs 
environment as the more dominant effect. That being said, 
there is still moderate amounts of VxE interaction between 
inoculated environments, again highlighting the impact of 
differing crown rot expression across environments. 

Figure 2: Predicted yield under inoculated conditions vs 
yield under uninoculated conditions for an experiment 
conducted in Trangie, 2015. Regression line represents the 
average genetic response to the application of crown rot in 
that experiment. Red dashed line indicates the 

responsiveness of the variety Suntop, where 
responsiveness is defined as the deviations from the 
genetic regression line. 

Responsiveness: A regression of the variety effects under 
inoculated conditions against those under uninoculated 
conditions for the experiment conducted at Trangie in 2015 
is presented as an example (Fig 2). The slope of the line (~ 
0.74) represents the average genetic response to the 
application of crown rot in that experiment and indicates 
that for every 1.00 t/ha increase in yield potential, the yield 
of varieties under inoculated crown rot conditions 
increased by an average of 0.74 t/ha. 

Responsiveness can take positive and negative 
values, where positive values indicate a variety is 
performing better than the average response to crown rot 
in an experiment (e.g. Suntop), while negative values 
indicate a variety is performing worse than the average 
response of varieties in an experiment (e.g. Coolah, EGA 
Gregory and Flanker; Fig 2).  

SUMMARY 

 A multi-environment trial analysis of 33 field
experiments, consisting of winter cereal varieties
exposed to uninoculated and inoculated crown rot 
treatments, revealed variation in the performance of
varieties.

 Responsiveness, a measure of varietal performance in
the presence of disease independent of a variety’s yield
potential, was explored, with the varieties Suntop and
Sunguard revealed to have a positive responsiveness to
crown rot while the varieties EGA Gregory, Coolah and 
Flanker exhibited a negative responsiveness.

 Responsiveness provides an additional tool for growers 
to explore the performance of varieties in the presence
of crown rot and can be used alongside yield potential,
grain quality and susceptibility to other pathogens to
make varietal selection decisions.

ACKNOWLEDGEMENTS 
The authors would like to gratefully acknowledge the 
Grains Research and Development Corporation for their 
investment in the projects DAN00175 and DAQ00208. 

REFERENCES 
1. Murray GM, Brennan JP (2009). Australasian Plant 

Pathology 38, 558–570. 
2. Simpfendorfer S, Shapland R (2016).

http://www.dpi.nsw.gov.au/__data/assets/pdf_file/000
7/679102/Northern-grains-research-results-2016.pdf

3. Gilmour AR, Cullis BR & Verbyla AP (1997). Journal of
Agricultural, Biological and Environmental Statistics 2: 
269-293.

4. Smith A, Cullis B & Thompson R (2001). Biometrics 57:
1138-1147.

5. Patterson HD & Thompson R (1971). Biometrika 58: 
545-554.

6. Butler D, Cullis BR, Gilmour AR & Gogel, BJ (2009). 
ASReml-R Reference Manual. Technical Report 3, 
Queensland Department of Agriculture, Fisheries and
Forestry.

7. R Core Team (2016). R Foundation for Statistical
Computing.

29



Magarey and Bull 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

Screening sugarcane clones for resistance to Pachymetra root rot – challenges and 
outcomes 

Magarey, R.C. and Bull, J.I. 
SRA, PO Box 566, Tully, QLD, 4854 

Email: RMagarey@sugarresearch.com.au 

INTRODUCTION 
Varietal resistance provides the main mechanism for 
disease management in the Australian sugarcane 
industry. While minimising direct costs for sugarcane 
farmers, this leads to a greater responsibility on plant 
breeders and pathologists to deliver quick and reliable 
resistance ratings which are indicative of their field 
reaction - for clones progressing through the plant 
breeding selection program. This not only applies to leaf 
and systemic diseases, but also to root diseases, such as 
Pachymetra root rot, one of the most important diseases 
in the Australian sugarcane industry (1). 
In this paper, we explore a range of issues related to 
Pachymetra root rot resistance screening and some of 
the cropping implications. 

Pachymetra root rot disease is caused by the 
Oomycete Pachymetra chaunorhiza, a pathogen unique 
to Australian cane fields (1). The disease is characterised 
by the rotting of the primary (thickest) sugarcane roots 
which are filled with the typical pathogen oospores. 
There is no motile zoospore stage and the disease cycle 
is simple – oospores beneath the growing crop infect the 
developing roots, which then release even more 
oospores into the surrounding soil. An assay has been 
developed to quantify field soil oospore populations (2). 
Very high populations of oospores then build up 
underneath diseased plants in the semi-perennial crops.  

Disease surveys: Surveys of the Australian sugarcane 
industry for Pachymetra root rot incidence and severity 
have been conducted since the disease was first 
recognised in the early 1980s. These have shown high 
levels of the pathogen generally throughout the 
industry, except for the Burdekin cropping area (1). This 
has clearly demonstrated the need for resistance in 
commercial varieties.  

Resistance screening: Early research showed that 
oospores could be cultured but were infective; 
experiments related root injury with soil oospore 
populations, comparing naturally infested soil 
populations with artificially created cultured oospore 
populations and there was close agreement. The 
relationship between oospore populations and root 
damage followed a logarithmic (plateau) relationship; a 
critical oospore population for resistance screening was 
set at 50 sp / g potting mix.  It was soon established that 
resistance to Pachymetra root rot was present in the 
Australian sugarcane germplasm (3). Rather than rely on 
a quantitative measure of root injury (% rotted roots) 
threshold to assign resistance ratings, a set of varieties 
of known field reaction (resistant through to susceptible) 
were selected and became standard reference varieties 
included in all screening trials.  

Field validation: In order to verify that glasshouse 
screening trials provide a reliable assessment of field 

reaction, 27 varieties with glasshouse assigned ratings 
were planted at six field sites and oospore populations 
monitored over a 2-3 period (2-3 annual crops); there 
was close agreement (4) between resistance ratings and 
developing soil oospore populations, as assessed by a 
specific Pachymetra soil assay (2). Oospore dynamics as 
influenced by varietal resistance and site has since been 
extensively studied. 

Yield loss: The relationship between soil oospore 
populations and crop yield has also been examined in 
susceptible varieties and substantial losses 
demonstrated. The effect of resistance on yield losses 
has also been examined; resistant varieties suffer 
minimal losses but crop yields can be reduced by 20-40% 
in susceptible varieties (3). Such losses have been 
demonstrated in several major cane-growing regions. 
The relationship between resistance and losses has been 
explored further in plant breeding variety selection 
trials. There were significant relationships between the 
resistance of clones and plot yield in these trials; where 
no Pachymetra root rot was present, no relationship was 
found between varietal resistance and yield (4). Some 
form of natural selection for resistance is likely to be 
occurring where selection is occurring in heavily-infested 
paddocks and regions.  

Early-stage resistance screening: a challenge for the 
plant breeding program is to eliminate susceptible 
clones as early as possible so that the focus in latter 
stages of selection can purely be on selection of those 
clones with superior agronomic traits (and largely 
resistant to the disease). Currently, a significant number 
of high-yielding clones at the end of the selection 
program possess some degree of susceptibility. An 
attempt was made therefore to add high levels of P. 
chaunorhiza inoculum to the potting mix in which the 
original sugarcane true seed is germinated, with the 
hope that susceptible varieties may succumb to the 
disease as they germinate. Despite several attempts, the 
approach has been unsuccessful.  

Parental crossing: To increase the proportion of 
resistant clones entering the selection program, SRA has 
developed a system for selection of parents which takes 
into account their resistance. Thresholds have been set 
which prevents the crossing of parents with mid-parent 
ratings in the susceptible category; the actual threshold 
varies with region and the prevailing Pachymetra 
severity in that district. Highly susceptible varieties are 
generally discarded from the program and are not 
released commercially.  

Germplasm introgression: Commercial sugarcane 
varieties have been bred from a small number of hybrid 
crosses between Saccharum officinarum (original 
‘chewing canes’) and Saccharum spontaneum (wild 
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grass-like sugarcane) and this has led to a rather narrow 
genetic germplasm base. In recent times sugarcane 
breeding programs have been attempting to incorporate 
genes from other closely-related plant species including 
Erianthus spp and other Saccharum species (S. 
robustum) in an endeavour to incorporate better genes 
for yield, ‘ratooning’ and disease resistance. The 
resistance of these hybrid canes to Pachymetra root rot 
has been examined to determine whether useful 
resistance genes may be sourced from these hybrids; 
some resistance genes are present in these introgression 
clones.  

Molecular markers: The idea that DNA identification of 
specific genes may lead to mass-selection of more 
resistant progeny in a selection program has been 
entertained within the sugarcane industry for some time 
– Pachymetra root rot has been a target disease. It has
been found that a small but significant percentage of the
variation associated with Pachymetra resistance may be
identified using markers; application of this technique to
the selection program is being considered with an
application strategy pending. The complexity of the
sugarcane genome and its polyploidy nature makes this 
task harder than for other crops.

Pathogen variation: several ad hoc observations suggest 
that some varieties do not behave consistently, 
depending upon in which region they are cropped. For 
instance, variety H56-752 is of intermediate resistance in 
far-northern Queensland but resistant in the central 
district (near Mackay). If the pathogen varies, then it is 
likely that the resistance reaction of at least a few 
varieties will vary also. Recently, a research project has 
been launched to investigate whether the continual 
cropping of highly-popular varieties in the same 
paddocks over a long time period will lead to the 
selection of more aggressive strains of the pathogen 
toward those varieties. The current PhD project aims to 
collect a range of P. chaunorhiza isolates from all the 
major cane-growing regions and to cross infect a set of 
standard varieties to see if there is an isolate x resistance 
effect. There is little evidence yet to support the 
hypothesis but further results are pending.  

Future possibilities 
With the disease being an important consideration for 
the Australian sugarcane industry, there has been 
continual deliberation on strategies to improve 
resistance screening and related key industry issues. 

Dirty plots: a strategy to be implemented is the growing 
of original sugarcane seedlings at a field site where a 
susceptible variety has been growing previously, thus 
leading to elevated Pachymetra root rot populations. It is 
hoped that susceptible clones will not yield as well in the 
presence of the disease and that the normal selection 
process will favour the more highly resistant varieties. 

Matching regional disease severity with resistance: 
Disease epidemics are generally dynamic, with diseases 
influenced by varietal resistance, farming systems, 
climate, weather, soil type and even nutrition. The level 
of resistance required in commercial varieties will vary 

according to the severity of the disease in each region 
over time – as the epidemic progresses. It is hoped, 
through regular disease surveys, to match the prevailing 
resistance in commercial varieties to the short-medium 
term inoculum levels in commercial fields within each 
region. This may involve matching survey results with a 
range of other environmental data (e.g. soil type / 
moisture-rainfall data) to create disease risk maps for 
regions. These maps and data could be used by plant 
breeders to improve their breeding and selection 
programs by matching resistance with disease severity.     

DISCUSSION 
Pachymetra root rot is one of the most important 
sugarcane diseases affecting the Australian sugarcane 
industry. Much research has been undertaken over the 
years to demonstrate that resistance screening (under 
controlled conditions) may lead to valuable commercial 
outcomes by minimising commercial yield losses. Many 
facets of the system have been explored; it is hoped that 
new technologies (such as molecular markers) may 
provide a second string to the bow in speeding the 
transition of the industry from susceptible to more 
resistant commercial canes.   

SUMMARY 

 Resistance to Pachymetra root rot is present in the
Australian sugarcane germplasm. A technique has
been developed to identify resistant clones - leading
to the discard of highly susceptible varieties from the 
breeding selection program.

 Varietal susceptibility has been shown to be closely
related to commercial yield losses and oospore
(inoculum density) dynamics in the field. Resistance
is the main management tool employed in the
Australian sugarcane industry.

 A number of strategies have been implemented to
improve the efficiency and effectiveness of breeding
programs and to match the resistance of commercial
varieties with the severity of the disease in
commercial paddocks.
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INTRODUCTION 

Bulb onion (Allium cepa L.) is a globally important crop 
with an annual production of 93 million tonnes (1).  
However, the lack of a whole genome sequence, mainly 
due to the size and complexity of the genome, has 
hampered genetic research.  Fusarium oxysporum is a 
globally significant soilborne pathogen of many crops 
and comprises different formae speciales (f. spp.) which 
infect specific hosts as well as many non-pathogenic 
forms.  So far, more than 100 f. spp. of F. oxysporum 
have been identified, causing a range of symptoms 
including root/crown rots and vascular wilts (2). Many 
horticultural crops are affected including onion, leek, 
lettuce, tomato, brassicas, cucurbits, peppers, beans, 
peas and strawberry as well as non-food crops such as 
carnation, column stocks and narcissus.  In onion, F. 
oxysporum f. sp. cepae (FOC) is a major constraint to 
worldwide production, with estimated losses of £11M 
per annum in the UK alone.  FOC principally causes a 
basal rot of the bulbs in field or store (Fig. 1), although it 
can also cause seedling damping off and death of 
immature plants. In the UK, the incidence of basal rot is 
increasing with field losses of 10-20% becoming 
common and in some cases, entire crops being lost. As 
FOC produces long-lived chlamydospores which can 
survive in the soil for many years, disease management 
is challenging and therefore developing resistant 
cultivars is highly desirable. 

Distinguishing pathogenic and non-pathogenic 
isolates of F. oxysporum and different f. spp. is 
challenging and can often only be achieved through 
pathogenicity testing on different hosts which is time 
consuming and expensive. The factors determining host 
specificity and pathogenicity are poorly understood 
although more recent studies have identified the role of 
secreted effector proteins in F. oxysporum f. sp. 
lycopersici (FOL), the f. sp. infecting tomato. Related 
work suggests that the repertoire of these effectors 
which facilitate infection and colonisation often governs 
which hosts can be infected. Although contributing to 
pathogenicity, effectors also leave the pathogen 
vulnerable to detection by plant resistance (R) genes. 
Studies on FOL have identified 14 putative effector 
proteins (named SIX 1-14) that are secreted into the 
xylem sap during infection (3, 4). Several of these SIX 
genes are recognised by R genes in tomato and loss of, 
or mutations of these effectors has led to three races of 
FOL emerging in response to deployment of this 
resistance (5). SIX gene homologues have now been 
reported in a range of F. oxysporum f. spp.  The first aim 
of this research was to identify new sources of 
resistance to FOC in onion and genetic markers linked to 
resistance.  A second aim was to gain a greater 
understanding of the genetic basis for pathogenicity in 
FOC. 

Figure 1. Typical symptoms of onion basal rot, caused by Fusarium oxysporum f.sp. cepae. 

MATERIALS AND METHODS 

Understanding pathogenicity in FOC 
A set of 32 UK isolates of F. oxysporum, isolated from 
onion, were selected from a larger Fusarium culture 
collection held at Warwick.  The pathogenicity of these 

isolates was tested using replicated seedling and bulb 
assays.  Using a combination of long-read (PacBio) and 
Ilumina MiSeq technologies, a high quality genome 
sequence was generated for a highly pathogenic isolate.  
An additional five isolates, including pathogenic and 
non-pathogenic strains, were sequenced using the 
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Ilumina platform.  Whole genome alignments were 
produced in order to compare FOC with other f. spp. of 
F. oxysporum.  Following this, using a combination of
bioinformatics and PCR, isolates were screened for the
presence of SIX genes and other putative effectors.  The
expression of these genes in planta was then examined 
using qPCR and RNA-Seq.  A protocol was then
developed to knock-out these putative effector genes
using Agrobacterium-mediated transformation.  Knock-
out isolates have been generated, verified and their
pathogenicity tested using a bulb inoculation assay.
Based on the sequence of a FOC effector gene, a qPCR
assay was also designed for FOC.  This assay was tested
for specificity and verified using FOC infected plant
samples and infested soil.

Resistance to FOC in onion 
Initially, seedling and mature plant assays were 
developed to screen for resistance to FOC in a unique 
onion diversity set (6).  The entire onion diversity set (96 
accessions) was screened for resistance using the 
seedling assay and resistance verified using the mature 
plant assay.  Following this, surviving plants from the 
most resistant lines were used to create new onion 
populations segregating for FOC resistance (developed 
by Hazera Seeds), and individuals phenotyped and 
genotyped using KASP markers in order to identify any 
QTLs linked to resistance.  Doubled haploid lines are also 
being developed as a resource for future research.  

RESULTS AND DISCUSSION 

Understanding pathogenicity in FOC: 
Eighteen of the 32 FOC isolates were found to be highly 
pathogenic with others moderately or non-pathogenic.  
Whole genome sequencing and PCR demonstrated that 
all pathogenic isolates were found to contain seven SIX 
genes which were absent in non-pathogenic isolates.  All 
seven of these SIX genes have been shown to be 
upregulated during infection using qPCR (7) and latterly 
RNA-Seq.  This strongly indicates a role for these genes 
in pathogenicity against onion, as was previously 
reported for the tomato / FOL pathosystem.  In addition, 
preliminary data showed that knocking out single 
effector genes leads to a reduction in pathogenicity 
against onion.  Genome alignments revealed that the SIX 
genes, along with a range of putative novel effectors, 
are found in lineage specific regions of the genome.  
Variation in this region of the genome appears to confer 
host specificity in F. oxysporum.  This information 
enabled the development of a specific qPCR assay for 
FOC which was tested and shown to be both specific and 
sensitive, providing a tool for detection of FOC in soil, 
onion seeds and onion sets as part of developing a risk 
assessment strategy for onion growers. 

Resistance to FOC: 
Onion lines with high levels of basal rot resistance were 
identified within the diversity set.  This resistance was 
consistent in both seedling and mature plant assays and 
has been verified across replicate experiments.  Within 
the new segregating populations, preliminary QTLs 
linked to resistance, have been identified. Once verified, 

associated genetic markers can be used to accelerate 
breeding of basal rot resistant onion varieties.  This 
would be greatly beneficial to the industry as onion 
breeding is very time-consuming due to its biennial 
nature and problems with inbreeding depression.  
Future research will aim to identify R genes in onion that 
recognise the effector genes characterised in FOL. 

SUMMARY 

 Fusarium oxysporum f.sp. cepae (FOC) is a 
globally significant pathogen of onion and 
control is extremely challenging.

 The FOC genome contains lineage specific
regions containing putative effectors which
were shown to be involved in pathogenicity
against onion. One effector has been utilised
as a target for a specific qPCR test for FOC.

 Onion lines with a high level of resistance to
FOC have been identified, leading to the
identification of initial QTLs linked to
resistance.
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INTRODUCTION 
This talk focuses on the current status of knowledge 
regarding the ‘changing face of diagnostics’. While current 
diagnostics in plant diseases are dominated by traditional 
PCR technologies, newly available tools/technologies will 
be discussed, which may be useful for prospective plant 
pathogen diagnostics. Technologies will be described in 
the context of detecting, quantifying, and characterization 
of antimicrobial resistance in the environment and human 
health. Described as one of the greatest public health 
challenges of this century, antimicrobial resistance renders 
infections untreatable and is currently responsible for an 
estimated seven million deaths per year globally. 
Antimicrobial resistance defies the current contaminant 
paradigm because it can be shared among microorganisms 
and amplified in the environment under selective 
conditions.  Lack of characterization, especially in different 
environmental pathways, makes antimicrobial risk 
assessment extremely challenging. Thus, continuing efforts 
are needed to understand the underlying mechanisms of 
resistance dissemination before effective control 
strategies can be applied. 

MATERIALS AND METHODS 
Technologies that are currently being used or explored for 
combating antimicrobial resistance include: field-able 
amplification based genetic analyzers for routine 
surveillance [1]; rapid multiplex target enrichment 
strategies for highly sensitive diagnostics and 
characterization via next generation sequencing [2]; 
portable long-read next generation sequencing for more 
specific categorization of mobility and persistence and 
online databases that can be used to track and predict 
occurrence of microbial hazards [3]. A primer design tool 
developed by the Ribosomal Database Project at Michigan 
State University (EcoFunPrimer) is also described for 
design of assays that can be used for high-throughput 
analysis of microbial ecological functional genes. 

RESULTS AND DISCUSSION 
A requisite task for genetic diagnostics is the development 
of high-throughput assays. Towards this goal, we have 
validated an assay design tool developed at MSU termed 
EcoFunPrimer. Analytical sensitivity of designed assays 
targeting antibiotic resistance genes showed sensitive and 
specific detection (Fig 1). Using the novel assay design 
strategy and the technologies described above, multiple 
local and international efforts to characterize the 
anthropogenic influence of antimicrobial resistance in 
environmental and agroecosystems will be presented. 
These studies focus on processes and factors that control 

antimicrobial resistance persistence or its accumulation 
and mobility in the environment. 

Figure 1. Sensitivity of assays developed using the MSU Primer 
Design Tool (EcoFunPrimer). 

Figure 2. Specificity of assays developed using the MSU Primer 
Design Tool (EcoFunPrimer). Percent of targeted (black line, 
primary y-axis) and non-targeted (gray line, secondary y-axis) 
assays that are deemed positive amplification events based on the 
threshold cycle (Ct) cutoff.   

Single-tube multiplex amplification for high-
throughput target enrichment of > 1,400 genomic targets 
in parallel, combined with the EcoFunPrimer design 
strategy for selection of conserved regions within highly 
diverse genes is well suited for detection, characterization, 
and specific differentiation of soilborne and crop disease 
complexes (e.g. Rhizoctonia, Pythium, Fusarium etc in 
cereals, legume crops). Long range amplicon sequencing 
may also be used to assemble genomic structure of plant 
pathogens with repeating genomic structures.  The 
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implementation of portable genetic tools attached to 
online databases will allow for quantification and 
prediction of plant pathogens in a timely manner. 

SUMMARY 

 A primer design tool developed by the Ribosomal
Database Project (EcoFunPrimer) is described for
design of assays that can be used for high-throughput
analysis of microbial ecological functional genes.

 Multiplex amplification of > 1,400 genomic targets in 
parallel, combined with the EcoFunPrimer design 
strategy is well suited for detection, characterization,
and specific differentiation of soilborne and crop 
disease complexes.

 Implementation of portable genetic tools attached to
online databases will allow for quantification and 
prediction of plant pathogens in a timely manner.
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INTRODUCTION 
A common feature of managing soilborne diseases in 

field crops is that key decisions must be made before 
planting. Knowing which diseases pose significant risk is 
vital for growers to make informed decisions. 

 SARDI Molecular Diagnostics Centre (MDC) delivers a 
range of DNA based services to determine the level of 
soilborne pathogens pre-sowing (1). The first service was 
PREDICTA

®
 B (Broadacre crops), which launched in 1997

and offered two tests. It now reports results for 22 tests, 
covering 19 diseases, with customised versions for the 
southern, northern and western cropping regions (2). The 
original focus was on soilborne pathogens (fungi, 
oomycetes and nematodes) of cereals. The range now 
covers pathogens of pulses, oilseed and summer crops. A 
separate service was developed for potatoes, and a 
broader service for horticulture crops including onions, 
carrots and brassicas is under development. Tests have 
also been developed for plants, to study root growth, free-
living nematodes for use as indicators of soil biological 
health and arbuscular mycorrhizal fungi that can benefit 
crop growth.  

 The MDC has standardised on TaqMan™ MGB 
technology for assay design. Most assays are species 
specific and typically target genes with a high copy number 
e.g. ITS regions of ribosomal DNA, to increase assay
sensitivity. High sensitivity is vital because the economic
thresholds of many target pathogen species is low.
Further, to ensure efficiency all tests are designed to
perform under the same PCR conditions and samples are
processed in batches of 84.

Tests are typically designed using DNA sequences from 
the target pathogen and close relatives, which are 
available in public databases such as GenBank and 
supplemented with sequences generated in-house. 
Verifying that the assays are specific across a range of soil 
types and regions has been a bottleneck.   

This paper reports on the development of a Next 
Generation Sequencing (NGS) strategy to improve assay 
validation, and discussed features required in emerging 
technologies to replace TaqMan™ MGB as the primary 
platform and cater for future demands. 

MATERIALS AND METHODS 
 A new TaqMan™ assay for Macrophomina phaseolina 

was used to test 524 grower and National Variety Trial 
(NVT) samples from across Australia. DNA from 16 samples 
representing all Australian cropping regions and with 
levels ranging from low to high were assessed using NGS 
(Table 1). For each sample, two universal primer pairs 
covering the diagnostic site (ITS1-F/ITS2, and fITS7/ITS4 
targeting ITS1 and ITS2 regions, respectively (3; 4; 5)) and 
the two target specific primers were used in various 
combinations to prepare sequencing libraries. Amplicons 
were sequenced on an Illumina MiSeq platform. Paired-
end sequencing reads were joined and quality filtered, 

including chimera removal and results were analysed using 
a combination of open-source bioinformatics tools 
including the PIPITS pipeline (6) Seqkit (7) and VSEARCH 
(8). Sequence alignments and primer checks were carried 
out using BioEdit (9).  

RESULTS AND DISCUSSION 
The assay for M. phaseolina was developed for the 

summer cropping regions in northern NSW and 
Queensland where charcoal rot can cause significant yield 
losses in soybean, sorghum, sunflower, maize and 
mungbean. However, the high frequency of detections 
across Australia caused doubts about assay specificity (Fig. 
1). An NGS strategy was used to determine if the detection 
of M. phaseolina by the TaqMan™ assay was a true 
positive (Table 1) and confirm the assay is specific.  

NGS enabled (i) uncovering of all Operational 
Taxonomic Units (OTUs) present in the samples across the 
diagnostic region, (ii) confirmation of priming specificity of 
each primer independently and (iii) checking the target 
DNA for any variation in the primer and probe binding 
sites that could affect detection efficiency.  

Figure 1. Macrophomina phaseolina soil DNA levels 
detected by TaqMan™ MGB assay grouped into below 
detection, low, medium and high population densities. 

Sequencing reads generated using ITS universal primer 
combinations were processed using the PIPITS pipeline (6). 
ITS1 and ITS2 were separately clustered into OTUs, using a 
97% identity threshold, then assigned taxonomy using the 
RDP classifying algorithm and the UNITE fungal ITS 
reference dataset. DNA from all soil samples contained 
OTUs identified as M. phaseolina, thereby verifying the 
TaqMan™ MGB assay results (Table 1).  

To assess the specificity of TaqMan™ MGB assay, 
sequencing reads generated using a combination of a 
universal primer with a primer from the developed 
TaqMan™ MGB assay were clustered at 99% identity and 
taxonomy assigned using BLASTn (NCBI). The majority 
(92%) of sequence reads were identified as the target, 
with no SNPs located in the assay priming regions. An 
additional 9 OTUs identified as the target had 1-2 SNPs in 
the primer region unlikely to affect detection efficiency. 
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The process also identified 9 non-target OTUs, including 6 
with no match within the NCBI database. However, these 
non-targets are unlikely to confound the assay results due 
to a minimum of 7 nucleotide mismatches within the 
complementary target specific primer and probe binding 
sites.  

Table 1. Macrophomina phaseolina detected in soil 
samples from across Australian cropping regions by a new 
TaqMan™ assay and verified by OTUs identified as M. 
phaseolina from NGS sequencing of ITS1 and ITS2.    

Sample origin 

TaqMan™ NGS 

Population 
density 

M. 
phaseolina 

ITS1 
OTU 

M. 
phaseolina 

ITS2 
OTU 

Geraldton, WA High 49 279 

Moree, NSW High 274 945 

Kirkland, NSW Low 4 0 

Rhynie, SA High 36 269 

Numurkah, Vic High 10 64 
Coomandook, 
SA 

Medium 4 19 

Meandarra, QLD High 840 2469 

Yelarbon, QLD High 273 1045 

Sydney, NSW High 182 735 

Wilfields, WA High 32 385 

Mingenew, WA High 111 366 

South East, SA High 106 736 

Weemelah, NSW High 156 287 

SA High 428 1078 
Toowoomba, 
QLD 

High 588 1856 

SA High 243 1370 

TaqMan™ MGB technology has a number of features 
that make it suited to routine quantification of species-
specific DNA sequences in environmental DNA. These 
include large quantitative range, fast setup and assay 
times, sealed reactions, good QA system and reasonable 
scalability.   

However, as the number of tests run on each soil 
sample increases, the inability to reliably multiplex tests 
with TaqMan™ MGB becomes a major bottleneck. 
Therefore, the search for a replacement technology has 
begun.  It will need to match all the benefits of the 
TaqMan™ assays, ideally with finer resolution to monitor 
not just changes in frequency of pest and pathogen 
densities but also populations that are resistant to 
pesticides or able to overcome specific resistance genes in 
crop varieties.  

The next technology platform will probably be 
sequencing based, but current platforms are not ready to 
replace TaqMan™ MGB as the basis for PREDICTA services. 
However, they can be used to greatly reduce the 
development time for new TaqMan™ assays.  

Meanwhile there are over 120 tests available that 
quantify soil-borne pathogens, plants and beneficial 
organisms.  These can be used to conduct surveys, 
measure effects of changed farming practices, new 

varieties, crops, and products on disease development and 
crop yield in field experiments.  

SUMMARY 

 TaqMan™ MGB assays are very good for quantifying 
species-specific DNA in DNA extracted from different
samples including soil, stubble, grain, spore traps and
insect traps. This makes it a valuable research tool to
study the impacts of new crops, varieties, practices and
products on pathogen levels, and to investigate
relationships between pathogen levels individually and
in complexes on crop root growth and yield.

 Confirming assay specificity using NGS to assess soil
DNA samples representative of the cropping districts
where the assays will be used removes a significant
bottleneck in test development and increases 
confidence in new assays.

 Demand is increasing to find a new technology that is
better suited to quantify DNA sequences of many
species in many samples.
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INTRODUCTION 
High value cropping systems have commonly relied 
upon the use of pre-plant soil fumigation as a means to 
control soil-borne plant diseases and enable continuous 
cultivation without the necessity for a break crop or 
fallow period.  Although effective disease control may 
be attained, the benefit of chemical soil fumigation to 
the agro-ecosystem, in terms of pathogen population 
dynamics, is short-term.  In addition, regulatory actions 
and an ever-expanding organic crop production system 
require the development of effective and economically 
viable alternatives to pre-plant fumigation for the 
control of soil-borne diseases. 

Anaerobic soil disinfestation (ASD) and 
mustard seed meal (SM) soil amendment have 
demonstrated potential to control specific soil-borne 
pathogens in a diversity of crop production systems.  A 
variety of environmental, biological and application 
protocol attributes have potential to determine the 
overall capacity of these methods to provide effective 
disease control.  In apple, Rhizoctonia solani AG-5, 
Pythium spp. and Pratylenchus penetrans not only 
contribute to the phenomenon termed apple replant 
disease, but also rapidly re-colonize fumigated soil 
systems leading to reduced overall fruit production in 
established orchards.  A major goal of this program was 
to determine the efficacy of ASD and SM amendment 
for control of soil-borne diseases of apple and 
strawberry.  Attempt has been made to define the 
specific biological and chemical mechanisms that 
function in determining disease control efficacy.  

MATERIALS AND METHODS 
Laboratory experimentation: The effect of ASD carbon 

source on composition of the soil metabolome and 

microbiome were assessed in laboratory and growth 

chamber experiments. Metabolic profiling was 

conducted via GC-MS and LC-MS analysis of volatiles, 

polar and non-polar compounds from ASD-treated soils. 

High throughput sequencing was utilized to profile ASD 

and SM treatment effects on bacterial and fungal 

populations.  

Controlled environment experimentation: Studies 

examined the effect of treatment protocol and 

environmental conditions during application of ASD and 

SM amendment on disease control efficacy. Variables 

assessed included ASD carbon source, SM application 

rate, temperature, soil moisture and host genotype. 

Field trials: Experiments were conducted at apple 

orchards located in Washington State, USA.  Orchard 

trials examined a diversity of Brassicaceae SM types 

applied independently or as formulations, and examined 

both application rate and influence of apple rootstock 

genotype on disease control efficacy.  A field trial was 

conducted to examine the relative response of different 

rootstock genotypes to ASD and pre-plant soil 

fumigation for the control of apple nursery replant 

disease. 

RESULTS AND DISCUSSION 

Carbon resource type used in ASD affected diverse traits 

including metabolite profiles and composition of the soil 

microbiome, and disease control. The spectrum of 

antifungal/oomycete and nematicidal volatiles 

generated during ASD varied with the carbon 

amendment. In general, volatiles produced when ASD 

was conducted using grass as the carbon input which 

provided the greatest spectrum of pathogen inhibition 

in vitro and superior control of the apple replant disease 

pathogen complex (data not shown).  When apple was 

cultivated in ASD treated soil, composition of the 

rhizosphere microbiome was influenced significantly by 

ASD carbon input. Compost as an ASD carbon input was 

ineffective in suppressing replant disease and did not 

significantly alter the apple rhizosphere microbiome.  In 

contrast, grass as the ASD carbon input resulted in 

effective disease control and significantly altered the 

rhizosphere microbial community.  Various microbial 

elements that possess anti-fungal activity were unique 

to the rhizosphere of apple cultivated in ASD-grass soil 

system [1] and may have contributed to the observed 

spectrum of disease control. 

In the field trial, apple rootstock growth over 

two growing seasons in ASD treated soil was 

significantly greater than the no treatment control and 

comparable to or greater than that attained in 1,3-

dichloropropene/chloropicrin fumigated replant soil. 

Increased tree growth was observed in response to ASD 

or fumigation across both replant disease susceptible 

and tolerant rootstock genotypes [2].  This finding 

indicates that rootstock tolerance in and of itself is 

unlikely to yield an economically viable means to control 

replant disease across all orchard sites. 

Brassicaceae seed meals derived from single 

plant species were incapable of providing fumigant 

levels of replant disease control when utilized as an 

independent treatment [3].  Seed meal formulations 

were devised taking into account activity of 

independent seed meal types against all components of 

the replant disease pathogen complex. Modes of action, 

including induced biological suppression, induction of 

systemic resistance and direct chemical action were 

shown to contribute to pathogen control.  Based upon 

these findings, mixed seed meal formulations were 

devised and evaluated in field trials. 
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A Brassica juncea/Sinapis alba (1:1) seed meal 

formulation applied at 6.6 t ha
-1

 provide disease control

resulting in growth (Fig. 1) and crop yield that was 

equivalent or superior to that attained in response to 

pre-plant soil fumigation [4].  Fumigated soils were 

rapidly recolonized by replant pathogens, including 

Pythium spp. and P. penetrans, whereas SM treated soils 

were resilient to pathogen re-infestation.  

Suppressiveness of the SM treated soil was attributed to 

changes in the rhizosphere microbiome. Composition of 

the microbiome was indistinguishable between the 

control and fumigation treatment at the end of the 

second growing season, but clearly distinct from the SM 

treatment at the same time point (Fig. 2). 

Figure 1. Effect of Brassica juncea/Sinapis alba seed meal 

amendment on trunk diameter of ‘Jonagold’/G11 apple at the 

SMR organic orchard, Chelan, WA. ♦ = no treatment control; □ 

= 1, 3 dichloropropene/ chloropicrin fumigation; ▲= B. 

juncea/S. alba seed meal soil amendment. 

Figure 2.  Effect of soil treatments on fungal community 

composition in the rhizosphere of apple after two growing 

seasons as assessed by NMDS scaling of OTU data. Ellipses 

denote 95% confidence limits. □ = no treatment control; ▼ = 

pre-plant fumigation; ♦ = pre-plant Brassica juncea/Sinapis 

alba seed meal soil amendment.  

In other experiments, a reduction in SM 

amendment rate from 6.6 t to 4.4 ha
-1

 resulted in few

significant differences in terms of disease control, 

composition of the soil microbiome and tree growth 

promotion in both greenhouse and field trials. 

Suppression of soil-borne pathogens, such as P. 

penetrans was improved when SM amendment was 

integrated with G.41 and G.210 relative to M.26 and 

MM.106 rootstocks. In field trials, P. penetrans SM 

treatment resulted in multi-year suppression of P. 

penetrans densities recovered from apple roots (Fig. 3). 

Pre-plant fumigation significantly reduced lesion 

nematode root densities during the initial growing 

season. However, P. penetrans densities recovered from 

roots of Gala/M.26 or Gala/G.41 did not differ 

significantly between the control and fumigation 

treatments after two growing seasons (Fig. 3). 

Figure 3. Effect of soil treatment on populations of P. penetrans 

recovered from apple roots at a replant site after two growing 

seasons. 

SUMMARY 

 Multiple biological and chemical mechanisms 

contribute to disease control attained in response

to ASD and SM soil amendment.

 SM soil amendment may provide replant disease

control and enhance apple yields in a manner

superior to pre-plant soil fumigation.

 Integration of ASD and SM amendment with the 

appropriate rootstock genotype may be necessary

to attain optimal levels of replant disease control.
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PASTEURIA, A POTENTIALLY USEFUL BIOCONTROL AGENT OF ROOT-LESION NEMATODES 
Graham R Stirling 
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INTRODUCTION 
Root-lesion nematode (Pratylenchus spp.) is one of the 
Australia’s most important nematode pests, largely 
because the genus contains many different species, all 
with relatively wide host ranges. The most damaging 
species, together with some of their important hosts are 
listed below. 
P. brachyurus: peanut, cowpea, maize
P. coffeae: apple, peach,
P. crenatus: potato 
P. goodeyi: banana
P. jordanensis: apple, grape
P. penetrans: apple, strawberry, potato, brassicas, carrot
P. neglectus, P. thornei, P. quasitereoides: grain crops
P. zeae: sugarcane

When considering biological agents that could 
provide some control of root-lesion nematodes, 
Pasteuria thornei stands out as being worthy of 
consideration because it parasitises many Pratylenchus 
species (1) and prevents its host from reproducing (2).  
Very little is known about its biocontrol capacity but in a 
Spanish study, endospores were observed in the body 
cavities of fourth-stage juveniles and females of 
Pratylenchus neglectus and endospores were attached 
to about 75% of the nematodes (3). 

This paper summarises recent work with Pasteuria in 
sugarcane soils and outlines the research that is needed 
to fully understand its biocontrol potential. 

PASTEURIA AS A BIOLOGICAL CONTROL AGENT OF 
PRATYLENCHUS ZEAE  
Pratylenchus zeae occurs in almost every sugarcane field 
in Queensland and is the sugar industry’s most 
destructive nematode pest. A recent survey (4) showed 
that Pasteuria was present in about half the fields but 
infestation levels were usually relatively low, as only 4% 
of the nematodes were encumbered with endospores. 
Nevertheless, high levels of spore encumbrance were 
observed in 2 of the 126 fields surveyed and 
interestingly, both those fields were previously grass 
pasture and had only grown sugarcane for about 20 
years. Studies of pasture sites near these sugarcane 
fields showed that Pasteuria thornei was present on 
both Pratylenchus zeae and Pratylenchus brachyurus 
and that 14% and 34% of the nematodes recovered from 
the two locations were encumbered with endospores. 

Bioassays in which Pratylenchus zeae was 
inoculated into pasture and sugarcane soils from one of 
the sites and extracted 40 days later showed that 
approximately 50% of the added nematodes were either 
parasitised by Pasteuria or had endospores attached. 
These results indicate that Pasteuria was providing a 
significant level of nematode control in both soils.  

Observations of nematodes parasitised by 
Pasteuria thornei showed that endospores usually filled 
the body cavity of the nematode (Fig. 1). Infected 
individuals were sometimes dead but more commonly, 
nematodes packed with endospores were still moving 
slowly. Most of the infected nematodes were females 
that had not reproduced, as eggs were never observed 
in their ovaries. It was difficult to count the number of 
endospores in spore-filled nematodes, but estimates 
from a limited number of samples suggested there were 
180-200 endospores in the body cavity of juveniles and
400-650 endospores in parasitised females.

Figure 1. Endospores of Pasteuria associated with a 
cadaver of root-lesion nematode (Pratylenchus zeae) 
recovered from a sugarcane field in Queensland. 

These survey results raise questions as to why 
Pasteuria thornei was only found at high levels in 
sugarcane fields that had recently supported a grass 
pasture. The most likely reason is that plant roots form 
channels during growth and then decay to form open 
biopores (5). In an undisturbed pasture, roots will grow 
along these root channels and as Pasteuria-infected 
nematodes are closely associated with roots, Pasteuria 
endospores are most likely to accumulate and reach 
high concentrations in such microsites. Thus, when a 
nematode moves into a microsite to invade a root, there 
is a good chance that an endospore will adhere to its 
cuticle. However, when the endospores are dispersed by 
tillage, the endospore concentration is reduced and 
spores are much less likely to come into contact with a 
host nematode. Thus, the tillage practices commonly 
used in sugarcane are probably limiting the capacity of 
Pasteuria thornei to increase to high levels and provide 
some nematode control. 

IS PASTEURIA THORNEI WIDESPREAD IN AUSTRALIA? 
Most of the information on the occurrence of Pasteuria 
thornei in Australia has come from occasional 
observations that are made when diagnostic samples 
are examined. Better information on the distribution of 
the parasite is required and the only way to obtain it is 
to undertake formal surveys aimed at specific crops and 
regions. The objectives of those surveys would be to 
identify the Pratylenchus species parasitised by 
Pasteuria; assess the proportion of the nematode 
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population that is parasitised; and determine whether 
Pasteuria is having an impact on populations of the 
nematode. Isolates for taxonomic, molecular and host-
specificity studies could also be collected. This work 
should be done in the following agricultural systems.   

Pastures. Pratylenchus is one of the most 
common plant-parasitic nematodes in grass and legume 
pastures. As the host nematode is constantly present 
and Pasteuria thornei is an obligate parasite of this 
group of nematodes, there is a good chance that it will 
be present in annual and perennial pastures that are 
either continually grazed or maintained on farms where 
fields are used for both livestock and crops. 

Grain crops. Two Pratylenchus species (P. 
thornei and P. neglectus) are important pathogens of 
most of the grain crops grown in Australia. Nematode 
management research has largely focused on crop 
rotation and resistant cultivars but a survey in the 
northern grains belt did show that Pasteuria thornei was 
present. However, infestation levels were relatively low 
and the parasite was not providing any nematode 
control (6), possibly because Pratylenchus thornei was 
only introduced to most fields in the last 20-30 years 
and so the parasite is still in its multiplication phase. 
What is really needed in the grains industry is a 
thorough survey of areas in southern NSW, Victoria and 
South Australia, where Pratylenchus neglectus has 
probably been present for many decades. The focus of 
that survey should be fields that have been under 
minimum till for at least 30 years.  

Turfgrass. Pratylenchus is one of the many 
plant-parasitic nematodes that cause damage to 
turfgrasses. I have observed root-lesion nematodes 
encumbered with Pasteuria endospores in diagnostic 
samples from golf greens, but research is required to 
determine whether Pasteuria thornei is widespread on 
turf and is having an impact on nematode populations. 

Trees and vines. Previous research on trees 
and vines showed that Pasteuria penetrans provided 
some control of root-knot nematode in South Australian 
vineyards (7). However, Pratylenchus is also an 
important pest of grapevines and so vineyard soils 
should be checked for the presence of Pasteuria thornei. 
Root-lesion nematodes are a widespread and important 
pest of apples, so old apple-growing areas in should also 
be surveyed. 

DEVELOPMENT OF MOLECULAR ASSAYS FOR 
PASTEURIA 
At present, Pasteuria thornei can be detected by 
extracting nematodes from soil, checking Pratylenchus 
adults and juveniles under a microscope and 
determining whether endospores are attached to the 
cuticle. However, this is a time-consuming process and 
the results obtained depend on the extent to which the 
nematodes have had the opportunity to move around in 
soil and come into contact with endospores, a 
parameter that is affected by temperature and the 
moisture content of the soil.  

Genus-specific and species-specific molecular 
tests would provide a much quicker and more reliable 
way of detecting and quantifying Pasteuria and the best 
way of developing such tests would be to use the 

PreDicta system offered by SARDI.  PreDicta tests for 
Pratylenchus thornei, P. neglectus, P. quasitereoides, P. 
penetrans, P. crenatus and P. zeae are already available 
and if a test for Pasteuria was developed, information 
on the presence of both host and parasite could be 
obtained relatively easily. Such a test could also indicate 
whether the bacterium was providing some degree of 
nematode control. For example, data for a particular 
crop and nematode would be analysed to determine 
whether there was a negative relationship between the 
amount of Pasteuria DNA and the population density of 
the host nematode.  

FUTURE RESEARCH 
Pasteuria thornei was described thirty years ago (8) and 
since that time there has been little research on the 
bacterium. Instead, researchers have focused on 
Pasteuria penetrans and Pasteuria nishizawae, the 
species that attack root-knot and cyst nematodes, 
respectively (1). It is now time to use the knowledge that 
has been accumulated and the molecular technologies 
currently available to answer the following questions. 

 Is Pasteuria thornei host specific (i.e. can strains 
obtained from one species of Pratylenchus parasitise
other species)?

 How long does it take for an endospore to germinate
after it adheres to a nematode?

 Are endospores equally likely to adhere to adults and
juvenile stages of the nematode?

 How many endospores are produced in an infected
nematode and does this vary between adults and 
juveniles?

 How many endospores must adhere to a nematode 
to ensure that infection occurs?

 Once a nematode is infected, how long does it take 
for the parasite to produce endospores?

 What is the effect of temperature on the length of
the life cycle, and is pathogenicity favoured at certain 
temperatures?

 How long does it take for endospores in nematode
cadavers to be liberated into the environment and 
what factors influence this process?

 Do Pasteuria endospores occur in roots and what is 
their distribution in the rhizosphere and in microsites 
within root channels?

 What concentration of endospores is required to
provide reasonably good control of root-lesion 
nematodes?

 Is tillage the reason Pasteuria thornei has not
increased to high levels on crops that are good hosts 
of Pratylenchus? 

SUMMARY 

 Pasteuria thornei is an endospore-forming, host-
specific parasite of root-lesion nematodes.

 Genus and species-specific molecular tests are 
needed to detect and quantify the bacterium.

 Pasteuria thornei kills significant numbers of
Pratylenchus zeae at some sites in Queensland but
future research should aim to identify situations
where the parasite is providing some control of other
Pratylenchus species.
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INTRODUCTION 
Charcoal rot, caused by the soil-borne fungus 
Macrophomina phaseolina, is a significant disease of 
strawberry plants in Australia and overseas (Kaur et al. 
2012). Its importance in the Australian strawberry fruit 
industry has increased since the soil fumigant methyl 
bromide was withdrawn from use in 2006 (Mattner et al. 
2014). Various alternative fumigants have since been 
used to disinfest soil to control the disease. However, 
none of the available alternative fumigants has proven 
to be as effective as methyl bromide at controlling the 
fungus (Hutton et al. 2013). 

Various techniques have been shown to 
increase the efficacy of chemical fumigants in controlling 
soil-borne diseases. For example, totally impermeable 
films (TIFs) covering treated soil have been shown to be 
more effective than commonly used low-density 
polyethylene films (LDPEs) (Fennimore & Ajwa 2011). 
Unlike LDPE films, TIF plastics contain a layer of ethylene 
vinyl alcohol, which is impermeable to the movement of 
gases, thus maintaining a higher concentration of soil 
fumigants over a longer period. Therefore, the effects of 
TIF and LDPE films on the efficacy of fumigants in 
controlling M. phaseolina in soil columns were studied. 

MATERIALS AND METHODS 
Soil column design: 
Each soil column was constructed using a high-density 
polyethylene (HDPE) tube sealed at the base. Four bulk 
head fittings were attached to the side of each column 
at depths of 5cm, 15cm, 25cm and 35cm from the top, 
to provide fumigant sampling ports on the exterior 
surface of the column. The columns were filled with soil 
from strawberry fields with known levels of M. 
phaseolina (confirmed using qPCR analysis). 
Buried strawberry crowns; 
A bag containing 5 crowns of infected strawberry plants 
was placed into each column at soil depths of 10cm and 
25cm. Prior to the experiment, a subset of these crowns 
was tested for M. phaseolina using cultural techniques. 
Sampling the fumigants; 
Gastech (GasTech Australia) tubes were used to measure 
the concentration of fumigants in soil in the experiment. 
The gases were extracted from the sampling ports and 
drawn through the tubes using a syringe. Each sampling 
port was sealed between readings. 
Assays to test viability of M. phaseolina; 
Crowns were broken apart, and xylem tissue was 
removed from each crown and placed onto quarter 
strength PDA media amended with chloramphenicol, 
under aseptic conditions. Plates were incubated at 22˚C 
for seven days and examined for the presence of M. 
phaseolina. 

Experimental design: 
Columns were either covered with LDPE or TIF (Richdale 
Plastics Ltd.) and fumigated with a mixture of 1,3-
dichloropropene (1,3-D) and chloropicrin (PIC) (20:80) 
(Tri-Form 80®, Trical, Inc.) or left untreated. The 
fumigant was manually injected (300L/hectare) at a soil 
depth of 10cm. The experiment included four treatment 
groups: untreated soil covered in LDPE, untreated soil 
covered in TIF, fumigated soil covered in LDPE and 
fumigated soil covered in TIF. Each treatment was 
replicated three times. The concentrations of 1,3-D and 
PIC were sampled from each column that received 
fumigant, at depths of 5cm and 25cm at 2h, 24h, 72h 
and 168h post injection. After two weeks, soil samples 
(500g) were taken at depths of 0-5cm and 20-25cm, and 
the concentration of M. phaseolina DNA in each sample 
was assessed using qPCR. The buried strawberry crowns 
were also removed from the columns, after two weeks, 
and the viability of M. phaseolina was assessed. 
Statistical analyses: Results were analysed using R® (R 
Development Core Team 2009) with ANOVA and paired 
t-tests.

RESULTS AND DISCUSSION 
Fumigant concentrations over time: 
The concentrations of 1,3-D were significantly higher 
under TIF compared with LDPE at soil depths of 5cm and 
25cm (Figs. 1 & 2). The concentrations of PIC at a depth 
of 5cm were also significantly higher under TIF than 
LDPE (Fig. 3). However, the concentrations of PIC at a 
depth of 25cm were not significantly different between 
treatments (Fig. 4). These results are important because 
PIC is highly effective against fungi, and high 
concentrations of this fumigant may be required to 
control fungal pathogens at greater soil depths. 
Therefore, deeper injection of fumigants that contain 
PIC, combined with the use of TIF, may be required to 
achieve adequate control of pathogens, such as M. 
phaseolina, in the field.   
Pathogen control: 
M. phaseolina was not isolated from crowns buried in
soil treated with 1,3-D/PIC (20:80), irrespective of the 
film used. Isolation of M. phaseolina was significantly
lower from crowns buried in fumigated treatments at a
depth of 10cm (0% incidence of recovery average)
compared with the untreated controls (57% incidence of
recovery). In contrast, there was no significant difference 
in the isolation of M. phaseolina from crowns buried at a
depth of 25cm between the fumigated treatments (0%
incidence of recovery average) and the untreated
controls (50% incidence of recovery average). This was
because of high variation in the recovery of M.
phaseolina from crowns in the untreated controls at this 
depth. Data on the concentrations of DNA of M.
phaseolina in soil from the experiment will be available
and discussed at the conference.
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 Overall, these results indicate that 1,3-D/PIC (20:80) is 
extremely effective in controlling M. phaseolina in 
buried strawberry crowns, under the specific conditions 
of this experiment. However, due to the design of the 
soil columns, fumigant concentrations may have been 
artificially high. Therefore, experiments are underway to 
assess the effectiveness of different films and fumigants 
under field conditions. 

SUMMARY 

 TIF is more effective at retaining fumigants (1,3-D
and PIC) in soil than LDPE.

 1,3-D/PIC (20:80) eliminated M. phaseolina from 
buried strawberry crowns, under both LDPE and TIF
in soil columns.

 Field trials have been established to determine if TIF
is more effective than LDPE at eliminating M.
phaseolina in soil and in buried plant debris (e.g.
strawberry crowns), and controlling charcoal rot in
strawberry crops.

Figure 1. The mean gas concentrations of 1,3-D across four time 
points, post fumigation with 1,3-D/PIC (20:80), at a depth of 
5cm. 

Figure 2. The mean gas concentrations of 1,3-D across four 
different time points, post fumigation with 1,3-D/PIC (20:80), at 
a depth of 25cm. 

Figure 3. The mean gas concentrations of PIC across four time 
points, post fumigation with 1,3-D/PIC (20:80), at a depth of 
5cm. 

Figure 4. The mean gas concentrations of PIC across four time 
points, post fumigation with 1,3-D/PIC (20:80), at a depth of 
25cm.
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INTRODUCTION 
Many soilborne pathogens persist as recalcitrant 
structures that can survive in a dormant stage, resting 
form within the soil for time periods greater than 10 
years (1, 2). Part of managing soilborne diseases is the 
usage of rotation to negate pathogen survival. However, 
the presence of both weeds, cover crops and crop 
volunteers within subsequent crops that can host and 
multiply some of these key pathogens, can often result 
in pathogen and disease levels increasing (3). In the case 
of the soil-borne plasmodiophorid pathogen, 
Spongospora subterranea, which causes root disease 
and powdery scab of potato, it is often able to survive in 
potato volunteers and nightshade weeds that frequently 
follow a potato crop (1). Likewise, the related pathogen, 
Plasmodiophora brassicae, which causes clubroot of 
brassica is able to survive in a wide range of weed and 
crop species (2). In this paper, we present field results 
confirming the role of volunteer and cover crops in 
increasing pathogen levels. We discuss the importance 
of weed and volunteer crop removal as an important 
component in managing disease.  

MATERIALS AND METHODS 
Field trial: The site utilised is on a Research Farm located 
at Forthside, Tasmania. The paddock tested has been 
managed as part of a cover crop trial for over 12 years. A 
commercial crop is grown over the spring-summer 
period and is followed by cover crop plots in the 
autumn-winter period. The treatment plots include a 
ryegrass, a biofumigant ‘Caliente’ and plots left as fallow, 
with four replications of each. We monitored pathogen 
level changes using two separate case studies. Firstly, we 
compared the soilborne levels of S. subterranea that 
resulted from growing a potato crop in a 3 year rotation 
vs a 6 year rotation. Soil samples were analysed by 
SARDI using PreDicta-Pt diagnostics 
(http://pir.sa.gov.au/research/services/molecular_diagn
ostics/predicta_pt). In the second study, soilborne levels 
of P. brassicae, measured using PreDicta, were 
compared across the cover crop treatments (ryegrass, 
Caliente, fallow). Additionally a commercial broccoli crop 
was grown to determine if the soilborne levels were a 
reliable predictor of club root disease. Statistical 
analyses were conducted using GenStat (VSN Intl. Ltd). 

RESULTS AND DISCUSSION 
Case study 1: There were significant differences (P 
<0.05) in the level of soilborne S. subterranea DNA from 
a 6 year (98 pg/g soil) vs a 3 year rotation (411 pg/g soil). 
This higher pathogen DNA level corresponded with a 
greater number of potato volunteers observed in the 3 
year rotation treatment. These results are consistent 
with others that have observed greater disease from a 
shorter rotation (3). This indicates that weed and 
volunteer removal is crucial in short rotations to reduce 
pathogen load in the soil. 

Case study 2: There were significant differences (P 
<0.001) in levels of soilborne DNA of P. brassicae from 
plots grown to different cover crops (Table 1). 
Essentially, very high levels (5200 copies/g soil) were 
recorded from the ‘Caliente’ plots and a subsequent 
broccoli crop grown increased the incidence and severity 
of clubroot (Fig. 1) from these plots. This is not 
unexpected as the cover crop ‘Caliente’ is a brassica and 
a host of clubroot (2). Therefore utilising cover crops 
that are not closely related to and a host of soilborne 
diseases of the subsequent commercial crop is 
suggested. 

Table 1. Soilborne levels of Plasmodiophora brassicae from 
different cover crop treatments (fallow, grass, Caliente) and 
subsequent clubroot disease in the following broccoli crop. 

Treatment Plasmodiophora 
brassicae 

Clubroot in subsequent 
broccoli crop 

Copies/g soil Plants 
Infected 

Severity 
of 
clubroot 

Fallow 69     b 0/80 0.00    b 
Grass 146   b 1/80 0.013  b 
Caliente 5200 a 16/80 0.438  a 

LSD (0.05) 345 0.169 
F prob <0.001 <0.001 

Figure 1. Typical clubroot 
symptoms on a broccoli root. This 
trial plot had previously grown a 
‘Caliente’ cover crop.  

SUMMARY 

 Reducing rotation length results in a greater
proportion of potato volunteers which can increase
soilborne levels of S. subterranea.

 A brassica cover crop ‘Caliente’ elevated levels of the
soilborne pathogen P. brassicae and lead to
increased clubroot disease in a subsequent broccoli
crop.

 Weed and volunteer crop removal are essential in
reducing soilborne pathogen inoculum in a typical
cropping rotation.
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INTRODUCTION 
Downy mildew of opium poppy in Australia is caused by 
the obligate, oomycete pathogens Peronospora 
somniferi or Peronospora meconopsidis (6). Infections 
from the two pathogens lead to distinct disease 
symptoms; P. somniferi producing systemically infected 
plants that are stunted and chlorotic with profuse 
sporulation on foliage, whilst P. meconopsidis induced 
angular necrotic localized lesions with sparse sporulation 
(8). Plant infections from air-borne conidia (1), oospores 
(2) and contaminated seed (3, 7) have been 
demonstrated. It is suspected that soil-borne inoculum
may also provide important inoculum source but little is
known about the process of soil-borne infection for the
two species. The present study investigates the infection
of poppy seedlings by the two pathogens from infested
soil inoculum sources and examines subsequent
pathogen spread within infected plants and disease 
development.

MATERIALS AND METHODS 
Plant variety and glasshouse conditions: For all 
experiments, SL–21, a commercial seed lot provided by 
the Tasmanian poppy industry, was used. The 
experiments were carried out in glasshouse conditions. 
Temperature and relative humidity were monitored by 
using data loggers (Hastings data loggers, UK).  
Soil inoculation: Planting trays (14 x 13 x 10 cm

3
) were 

filled with potting mixture containing sand, peat, and 
composted pine bark (10:10:80, pH 6.0) premixed with 
Osmocote 16-3.5-10.NPK resin coated fertilizer (Scotts, 
Australia Pty Ltd.) and layered with infested soil to 
around 5 to 10 cm. The infested soil was collected from 
poppy growing fields of Tasmania, which had a history of 
downy mildew and had been confirmed to contain both 
P. somniferi and P. meconopsidis using species specific
primers in PCR (7). Seeds (ten per pot for each 
assessment) were then sown into the trays and
subsequent plants were monitored for the visual disease
symptoms and Sub-samples were taken and examined
microscopically for pathogen invasion at 1, 2, 4, 6, 8, 10
and 12 weeks after emergence.
Molecular analyses: Leaves of symptomatic plants were
collected and DNA extraction was carried out using
Power Plant® Pro DNA isolation kit following the 
manufacturer’s protocols (QIAGEN). The resulting DNA
was tested with the species specific primers by using PCR
assays that target the conserved regions of the coxI (P.
somniferi) and coxII (P. meconopsidis) genes (7).

RESULTS AND DISCUSSION 
Spread of downy mildew pathogens are known to occur 
via wind (1) and contaminated seeds (3, 7). This work 
has demonstrated that both the poppy downy mildew 
pathogens can infect poppy seedlings (Fig. 1 & 2) from 
an infested soil inoculum source, following which 
pathogen progression moves systemically through the 
host plant. Putative pathogen identity was confirmed by 

using PCR assay protocol (7) for the in planta detection 
of P. somniferi and P. meconopsidis (Fig. 3). In our study, 
it was observed that P. sominiferi infected plants were 
identified microscopically and also in developing visual 
symptoms faster than P. meconopsidis (Table 1). 
Infections resulted in the typical disease symptoms like 
leaf chlorosis, mottling, profused sporulation (P. 
somniferi) and local necrotic lesions (P. meconopsidis).  

Figure 1. Symptoms showing infection of Papaver somniferum 
seedlings by Peronospora somniferi. A) Profused sporulation; B) 
chlorosis and deformation; C) oospore in the stem region; and 
D) mycelium.

Figure 2. Symptoms showing the infection of Papaver 
somniferum by Peronospora meconopsidis. A) Necrotic lesion; 
B) Sporulation pattern associated with chlorosis; C)oospores; 
and D) Peronospora conidia

Systemic infections by P. somniferi eventually 
resulted in typical disease symptoms like leaf chlorosis, 
mottling, deformation and profuse sporulation. In 
contrast, following the symptomless systemic invasion 
phase P. meconopsidis infections induced necrotic 
lesions on leaves with sparse sporulation. Identification 
of each pathogen was confirmed by PCR (Table 1). 
Infections and foliar symptoms were detected by 2 
weeks (P. somniferi) or 4 weeks (P. meconopsidis) after 
sowing (Table 1). The number of plants infected by P. 
somniferi (7/10 plants) was greater than P. meconopsidis 
(4/10). Interestingly, both species were detected in a 
larger number of plants than those displaying typical 
symptoms of downy mildew. This confirms both species 
are capable of causing asymptomatic infections, at least 
initially. 
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Figure 3. Glasshouse plants were confirmed using the species 
specific primers in a PCR: Lane1- Molecular ladder of 50 bp (Bio 
line), Lane 2 & 5: P. somniferi infected plants; Lane 3 & 4: P. 
meconopsidis infected plants, and Lane: 6 non-template control. 
Lanes 2 & 3: P. somniferi specific assay.  Lanes 4 & 5: P. 
meconopsidis specific assay. 

The Figure 1&2 shows that there are significant 
difference in the sporulation pattern observed within the 
two pathogens. The profuse sporulation (Fig. 1A) 
observed on the abaxial side of the leaves associated 
with P. somniferi shows that this pathogen could 
overcome the host defence mechanism and spreads to 
the other parts of the plant. On contrast, the local 
necrotic lesions (Fig. 2A) formed with the infection of P. 
meconopsidis exhibits a hypersensitive reaction in the 
host system and controls the further movement of the 
pathogen. An advanced study is needed to understand 
the defence mechanism of the host with response to 
both the pathogens.  

Table 1. Table showing rate of symptom expression and 
confirmation of pathogen identify by PCR. 

Weeks1  
PCR2 Symptoms3 

P. 
meconopsidis 

P. 
somniferi  Lesions Systemic 

1 0 0 0 0 
2 0 2 0 2 
4 6 8 1 3 
6 6 8 1 3 
8 6 8 3 6 

10 6 8 4 7 
12 6 8 4 7 

1 Weeks after sowing 
2 Number of plants testing positive for infection (out of 10) by 
either P. somniferi or P. meconopsidis 
3 Number of plants (out of 10) displaying necrotic lesions or 
systemic deformation 

SUMMARY 

 Both pathogens P. meconopsidis and P. somniferi
causing downy mildew of opium poppy are able to
move systemically in the host plant.

 Species specific primers confirmed the infection of
poppy plants from soil borne inoculum for both
pathogens.

 P. somniferi colonises the host faster than P.
meconopsidis
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INTRODUCTION 
Over the past 40 years, climatic conditions in Idaho have 
been becoming more conducive for the initiation and 
development of potato late blight epidemics. Potato late 
blight epidemics are initiated from mycelium of 
Phytophthora infestans, which survive over winter in 
infected potatoes left behind buried in the field after 
harvest (volunteer) and waste (cull) potatoes (Fig. 1). 
The dry Idaho climate and cold winters are not usually 
conducive for the overwinter survival of volunteer 
potatoes. However, with the recent trend for warmer 
winters, more volunteers and cull pile potatoes are 
surviving the winter and acting as potential sources of 
inoculum in the spring. Studies have shown that mycelia 
of newer genotypes of P. infestans (e.g. US-8 and US-23) 
are becoming more tolerant to colder temperatures and 
are tolerant to -3°C for up to three days continuous 
exposure. Tubers of most varieties appear to breakdown 
after exposure to -3°C for about one day. Winter 
(November to April) soil temperature data was collected 
from nine AgriMet weather stations located in the main 
potato growing regions of Idaho in the Snake River 
Valley analyzed to determine the effect of winter soil 
temperatures on the survival of volunteer potatoes over 
winter for the past 25 years. 

Figure 1. A field planted with corn that has been overrun by 
volunteer potatoes that were left behind at harvest and 
survived the winter.   

MATERIALS AND METHODS 
Hourly soil temperature data was collected from the 
nine AgriMet automated weather stations in southern 
Idaho that have soil temperature probes at 5 and 10 cm 
depth. 

Data was collected for the winter months from 
November 1st through March 31st from 1991 to 2015. 
Although data was not available for all stations going 
back to 1991.  A Perl script was written to parse the 
AgriMet data (which is available online as text files) and 
enter it into a MySQL database.  A second program then 
queried the database to determine the total cumulative 

hours between November and March that were under -
3°C. 

This data was then analysed according to the 
following rules to determine the risk of volunteer 
potatoes surviving in soil overwinter in a particular 
winter season. 

 If soil temperatures were below -3°C for more than
120 h between November 1st and March 31st at 5
and 10 cm depths then the risk of tuber survival
was considered low.

 If soil temperatures were below -3°C for less than 
120 h at 10 cm depth and greater than 120 h at 5
cm depth then there was a moderate risk of tuber
survival.

 If tubers were exposed to temperatures below -3°C
for less than 120 h at 10 cm depth and less than 120
h at 5 cm depth then there was a high risk of tuber
survival.

RESULTS AND DISCUSSION 
The number of years out of the past 25, where the risk of 
volunteer survival was categorized high, was greater 
than the number of years where the risk was categorized 
as low (Table 1).  It is only in the past 5 years (except 
2015) that we have had several years where the risk of 
survival was categorized as low.  

Table 1. The number of years from 1991 – 2015 that the risk of 
volunteer potato survival over winter was categorize as either 
low, moderate or high according to the volunteer survival 
model. 

Station Low Moderate High 

Aberdeen 4 1 19 
Ashton 3 0 21 
Fairfield 3 0 12 
Malta 9 0 16 
Picabo 7 1 14 
Parma 4 0 20 
Rupert 9 1 15 
Rexburg 4 0 21 
Twin Falls 0 2 23 

Analysis of cumulative soil data at 5 and 10 cm 
depths over the past 25 years showed that for most 
stations the number of hours that the soil temperature 
was below -3°C has actually been increasing (Figs. 2a and 
b), except for 2015 where none of the stations had more 
than 10 cumulative hours below -3°C. 

These results demonstrate the increased 
potential for volunteer potatoes to survive over the 
winter in soil even in the most northerly potato growing 
regions in Idaho. P. infestans is known to over winter in 
potato tubers intended for replanting as seed, but the 
disease may also be incubated in volunteer and cull 
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potatoes. The increased probability of volunteer and cull 
potatoes surviving the winter in Idaho increases the 
chances of them acting as a source of infection for the 
establishment of late blight epidemics. 

SUMMARY 

 Milder winters in Idaho have become more
prevalent over the past 40 years leading to the
greater chance of infected tubers surviving in soil
over winter.

 The number of years between 1991 and 2015, where
the risk of volunteer survival was categorized high,
was greater than the number of years where the risk
was categorized as low.

 Analysis of cumulative soil data at 5 and 10 cm 
depths over the past 25 years showed that the
number of hours that the soil temperature was
below -3°C has actually been increasing.

 Studies have shown that mycelia of newer genotypes
of P. infestans (e.g. US-8 and US-23) are becoming
more tolerant to colder temperatures and are
tolerant to -3°C for up to three days continuous
exposure.
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Figure 2. The cumulative number of hours the soil temperature at 5 and 10 cm was below -3°C over the winter months between November 
1st and March 31st, from 1992 to 2015. Data was collected from nine AgriMet weather stations with soil temperature probes at (a) 5 and (b) 
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10 cm depths.  Note that not all stations had soil probes at 5 cm and data for Fairfield didn’t begin until 2001.  The green line represents 
the threshold (120hrs) for low risk of volunteer tuber survival. 
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INTRODUCTION 
Farmers in horticulture face economic pressures to 
supply their markets all year round. In the past farmers 
would grow a variety of crops and rotate their ground. 
Now farmers need to specialise in two or three lines, 
with specialised farming equipment and processing 
facilities to ensure economic returns. This has resulted 
in limiting the possibilities to rotate crops and spell 
ground. Available land and water to increase production 
is not always an option and therefore farmers need to 
intensively crop their land all year round.  

CASE STUDIES 
1. Field Lettuce Farmer
This property grows mainly iceberg lettuce as well as
cauliflower and celery. Over many years they have
successfully grown lettuce with limited rotation without
significant losses due to disease. However issues with a
range of disease both soil and leaf are constant. These 
include the soil borne diseases Sclerotinia, Rhizoctonia
and Pythium, as wells as anthracnose and downy
mildew.

However, over the last 3 to 4 years, Sclerotinia has 
increased and at times the grower has experienced 
production losses of 50%. Previously, they have relied 
on registered fungicides and biologicals to keep these 
disease losses to a maximum of 5% in harvestable yield. 
The main range of biological beneficial species vary 
between suppliers but has at times included Bacillus 
subtilis, Trichoderma sp., Pseudomonas sp, Azospirillium 
sp, or a combination. 

The economic pressures for this farmer with limited 
arable land and water availability means they need to 
use many techniques to increase production while 
maintaining viable harvestable yields. For a number of 
years they have been incorporating increased quantities 
of organic composted animal manure and recently the 
introduction of soil fumigation with Telone C60. The 
composted manure is applied at 50 tonnes per hectare 
which is incorporated into the beds prior to planting 
seedlings. This has had a dramatic effect on yield 
resulting in a reduction of 20% in their NPK nutritional 
program to adjust for the additional growth benefits 
with the composted manure. 

The recent work with fumigation in the form of Telone 
C60 ranging from 500kg/ha to 200kg/ha has shown 
mixed results. However this is still seen as a better 
option to metham sodium for disease control. The DNA 
testing of soil pathogens has highlighted the level of 
Sclerotinia in the soil as excessive and even though the 
fumigation has resulted in Sclerotinia sclerotiorum 
reduction from 4,000 kDNA copies/g prior to fumigation 
to 200 kDNA copies post fumigation.  However this is 
still considered excessive and has contributed to 
continual losses.  

Experience in greenhouse crops with other soil disease 
such as Fusarium and Verticillium has shown when 
disease levels are excessive, 2 or 3 fumigations with 
consecutive crops are required to lower levels of disease 
to an economic level. More work is required to 
determine the ideal rates of Telone C60 that are 
necessary to firstly reduce the disease load of Sclerotinia 
in the soil and then the follow-up rate to maintain 
disease suppression. 

What has been successful is the reduction in Pythium sp. 
in the soil. This is considered significant as the 
combination of both soil pathogens Pythium and 
Sclerotinia are the cause of the significant crop losses.  

It is suspected that organic matter and the use of a 
range of biological beneficials previously relied are not 
as effective due to the increase load of sclerotia in the 
soil over many years of growing lettuce crops. With 
effective reduction in pathogen load in the soil from 
fumigation, the combination of organic matter, 
beneficials and fungicides should become more 
effective. 

Plant spacing and irrigation management are being 
reviewed to see if these can reduce the disease 
spreading within the planting bed to be an additional 
effective management tool to reduce soil disease losses. 

This complex of strategies is necessary to reduce soil 
diseases and reduce plant losses to 5%. 

2. Capsicum Greenhouse Farmer
This farmer is located in the Northern Adelaide Plains 
region, Virginia. They grow premium coloured blocky
style capsicums under both glass and plastic greenhouse 
structures. They currently have 15,000 m

2
 under

production ranging from traditional glasshouse 
structures to taller plastic greenhouse with controlled 
air flow and vents. Irrigation and fertigation is regulated
with the state of art control unit by Netafim.

Previously this farmer had issues with Pythium, 
Fusarium and nematodes and would traditionally 
fumigate with maximum levels of Telone C35 at 80 to 
90g /m

2
 every 2 to 3 years with varying results of control

of both soil diseases and nematode. Invariably, there 
would be issues with reduced yield at the end of the 
crop cycle. To reduce the cost of the fumigation and 
improve soil structure and health, alternative methods 
were introduced. 

Large amounts of commercially purchased composted 
manure/green waste at 15 to 20 m

3
 / 1000m

2 
were 

introduced to the soil.  This has improved soil structure, 
microbial activity, leaching of sodium and chloride and 
heathier plant root at the end of the crop cycle and a 
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higher marketable yield from 5kg/plant to 6kg/ plant.  
The high organic matter in the soil has made it easier for 
the leaching of sodium and chloride in previous soil test 
which were found to be very high. Levels such as 750 
ppm of sodium are now down to a more manageable 
level of 163 ppm.  

An important part of the strategy was the 
implementation of a Netafim fertigation system which 
doses fertiliser on demand to the plants and allows for a 
reduction in soil nutrient which traditionally is very high 
in soil grown vegetables greenhouses in this region. This 
management of excess soil nutrient build up has 
reduced soil Ec and over time has lowered nutrients 
such as potassium, magnesium, phosphorus, zinc and 
boron to desirable levels within a soil. This has reduced 
plant stress and improved the natural defences of the 
plant to resist pathogen invasion. 

In addition, improving the greenhouse structure from 
the traditional low glasshouses to the more modern 
plastic film greenhouses that are higher structures with 
venting, misting and air movement, limits climate stress 
and improves plant growth. 

The soil is still fumigated every year at the end of each 
crop cycle, but at a lower maintenance rate of 35 to 
40g/m

2
.  This, with the additional measures, is sufficient

to keep soil pathogen and nematode levels low so that 
the capsicum crop achieves higher yield potential for the 
life of the crop. 

SUMMARY: 

 A combination of methods, eg biologicals, compost,
optimising growing conditions and fumigation,
must be used to effectively manage soil borne 
diseases in intensive cropping situations to achieve
maximum yield potential.

 The judicious use of fumigation is necessary to
reduce pathogen load, but is not effective used 
alone.

 Improving plant health by managing soil chemistry
and biology and providing optimal growing 
conditions is a critical component of soil borne 
disease management.
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INTRODUCTION 
Biofumigation refers to specialised green-manure cover crops 
grown for soil health benefits, including the addition of organic 
matter and suppression of soilborne pests, diseases and weeds 
by naturally occurring plant compounds, such as glucosinolates 
(GSLs).  Brassica species contain up to 200 GSL compounds (Sun 
et al., 2016), within plant cells. Mulching releases GSLs from 
plants cells with their subsequent conversion to isothiocyanates 
(ITC’s), compounds with fumigant activity. Numerous 
biofumigant varieties are commercially available, with more in 
development (Edwards and Ploeg, 2014, Neubauer et al., 
2014).  Queensland Department of Agriculture and Fisheries 
trialled several commercially available brassica biofumigants 
over 12 months, assessing production potential and efficacy 
against known soilborne pathogens. 

MATERIALS AND METHODS 
Variety selection:  Treatments comprised nine readily available 
brassica biofumigants, two common cover crop varieties, 
Fumig8tor and Lablab, and a fallow.   Varieties were assessed 
for plant biomass (data not presented), days to incorporation, 
glucosinolate content (data not presented), and efficacy against 
3 soilborne pathogens. 

Table 1. Biofumigant varieties trialled 

Product name Plant species 

Biofum Raphanus sativus + Sinapis alba 

BQ Mulch Brassica napus + B. campestris 

Caliente B. juncea 

Mustclean B. juncea 

Nemat Eruca sativa 

Nemclear B. napus 

Nemcon B. napus 

Nemfix B. juncea 

Tillage Radish Raphanus sativus 

Fumig8tor Sorghum bicolor 

Lablab Lablab purpureus 

Field trials:  Trials were planted every two months at the 
Gatton Research Facility, Queensland from 2016 to 2017: 
1. 15

th
 November 2016 4. 16

th
 May 2017

2. 23
rd

 January 2017 5. 17
th

 July 2017
3. 28

th
 March 2017 6. 20

th
 September 2017.

Plots were 5x3m for plantings 1-3 and then 5x4.5m for
plantings 4-6.
Inoculum preparation:  Preparation of the soilborne pathogens 
used the following methods.

Macrophomina phaseolina, sourced from strawberry 
crown rot, was cultured on ½PDA.  Millet seed (50 grams) was 
placed into 250mL flasks, covered with distilled water, soaked 
overnight and drained.  After autoclaving twice at 121°C for 30 
minutes each, cooling between cycles, the seed was inoculated 
with four 5mm agar plugs of a 7 day old M. phaseolina culture.  
It was shaken daily for a week then maintained at 20°C for 4-8 
weeks or until micro-sclerotia were produced.  The seed was 
then air dried and stored in plastic containers at 4°C. 

Sclerotium rolfsii was cultured on carrots to produce 
sclerotia according to the technique by (Alexander and Stewart, 

1994).  The harvested sclerotia were air dried and stored in 
plastic containers at 4°C. 

Sclerotinia sclerotiorum sclerotia were produced on 
autoclaved wheat grains (50g) as described by (Mylchreest and 
Wheeler, 1987).  After 4 weeks, the sclerotia were removed 
from the seed, air dried and stored in plastic containers at 4°C. 
Efficacy against soilborne pathogens:  Brassica biofumigants 
were incorporated at approximately 25% flowering.   All 
varieties were mulched with a flail mulcher and then rotary 
hoed.  Individual bags of inoculum of S. rolfsii, S. sclerotiorum 
and M. phaseolina, were buried at either 5cm, 10cm or 15cm 
depth and retrieved at intervals up to 7 days after 
incorporation. Incorporated crops were watered in once the 
inoculum was buried.  These inoculum studies were undertaken 
with plantings 1, 3 and 5 only. 
Statistical analysis: All treatments had three replicates. Data 
analysis used the Genstat statistical package. 

RESULTS AND DISCUSSION 
Variety selections: Results have demonstrated that despite 
being a winter crop, brassica biofumigants can be grown 
throughout summer.  Days to maturity differs for each variety 
and planting date (Table 2).  Summer planted BQ Mulch, 
Caliente, Mustclean and Nemfix were the fastest maturing, 
reaching 25% flowering between 36 and 44 days. Days to 
incorporation can be used in the selection of appropriate 
varieties to suit cover cropping windows and cash crop 
rotations. Biomass (data not shown) was greatest during the 
cooler months of the year with a summer planting yielding the 
least amount of biomass for the majority of the brassica 
biofumigants.  BQ Mulch gave the least amount of biomass 
which is also a reflection of how fast it flowers. 

Table 2.  Days to maturity of different biofumigant varieties at different 
planting dates 

Variety Number of days after planting to incorporation 

Planting 1 2 3 4 5 6 

Biofum 70 87 97 98 89 81 

BQ Mulch 36 44 44 58 59 44 

Caliente 44 50 97 98 81 72 

Mustclean 44 44 63 90 81 61 

Nemat 70 87 69 79 67 78 

Nemfix 36 44 63 90 81 61 

Nemclear 101 102 115 nd nd nd 

Nemcon 101 102 115 nd nd nd 

Tillage 
Radish 

70 94 97 98 67 81 

Efficacy against soilborne pathogens: 
Efficacy of the treatments originally involved inoculum burial at 
5, 10 and 15cm at incorporation with retrieval at 1, 3, 5 and 7 
days.  With little significant difference between burial depths 
the methodology was amended to a 10cm only inoculum burial 
for planting 5 with retrieval at 3 and 7 days post incorporation. 

Efficacy was variable between biofumigant varieties 
and planting dates.  Summer (Planting 1) and spring (Planting 5) 
exhibited better control of the various pathogens tested, 
particularly S. sclerotiorum, while autumn/winter (Planting 3) 
did not exhibit the same effectiveness.   
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Table 3. Percentage mortality of S. sclerotiorum 

Table 4. Percentage mortality of S. rolfsii 

Table 5. Percentage mortality of M. phaseolina 

For Tables 3-5 
ND=no data. Shaded area is grower standard or controls 
Values with the same letter for the individual plantings are not 
significantly different. 

Caliente, Mustclean and Nemfix (Brassica juncea) 
were the better varieties for controlling S. rolfsii in the spring 
planting. Fallow, also gave moderate control of the various 

soilborne pathogens during summer. This is possibly due to the 
lack of cultivation of this soil, and subsequently, greater 
microbial activity.  Tillage Radish was the best variety for 
managing S. rolfsii during the autumn planting as opposed to its 
poor performance during the summer and spring crops.  
Caliente was the only other variety that had any significant 
effect on this pathogen for the autumn planting.   

In Planting 3, S. sclerotiorum was not managed to any 
great degree by any of the treatments while M. phaseolina was 
managed slightly by BQ Mulch and Caliente.  Nemclear and 
Nemcon are no longer being assessed, as their delayed 
flowering (greater than 4 months) would limit their 
consideration for cover cropping windows in vegetable 
systems. 

The apparent greater biofumigation effect in summer 
plantings makes biofumigant crops an attractive option for 
summer cover crop windows, both to protect soil during high 
intensity summer rainfall events and as a component of a 
soilborne disease management strategy.  It is also possible that 
the summer planting is more stressed producing more 
glucosinolates. In undertaking this work, DAF aims to provide 
more detailed information on how biofumigant cover crops 
perform under different growing conditions and cover cropping 
windows. It is also anticipated that this work will provide more 
information on how effective biofumigant varieties are against 
different soilborne pathogens so that growers may select 
particular varieties based on their disease spectrum. 

SUMMARY 

 Brassica biofumigant cover crops can be grown during 
summer months in south-east Queensland

 Biofumigants have much faster time (from 36 days) to
incorporation during summer months 

 Preliminary results generally show higher glucosinolates 
and efficacy against known soilborne pathogens when 
grown during summer months (data not shown).
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Treatment

Fallow 1 32.22 cd 16.67 ab 0.00 a

Fallow 2 ND 1.11 a 7.00 a

Fumig8tor 10.00 ab 2.00 a ND

Lablab 8.89 ab 2.00 a ND

Nemclear 1.11 a 2.22 a ND

Biofum 2.22 a 0.00 a 7.00 a

Nemcon 3.33 a 4.44 a ND

Nemat 4.44 ab ND 10.00 a

Tillage Radish 6.67 ab 68.00 c 6.67 a

Nemfix 19.96 abc 12.33 a 93.33 b

BQ Mulch 23.06 bc 2.00 a 0.00 a

Caliente 48.89 de 41.00 b 67.00 b

Mustclean 56.67 e 13.33 a 66.00 b

lsd 19.23 26.6 25.37

Planting 1 Planting 3 Planting 5

Sclerotium rolfsii

Fallow 1 87.78 de 7.67 20.00 abc

Fallow 2 nd 9.17 13.00 abc

Fumig8tor 20.00 ab 4.33 nd

Lablab 83.33 d 10.33 nd

Nemclear 11.11 a 10.00 nd

Nemcon 28.89 b 15.56 nd

Caliente 56.67 c 8.67 10.00 ab

Mustclean 64.44 c 17.67 7.00 a

Biofum 87.78 de 12.00 50.00 d

Tillage Radish 94.44 de 7.67 26.67 abcd

Nemat 96.67 de nd 33.00 bcd

BQ Mulch 98.89 de 12.33 36.67 cd

Nemfix 100.00 e 22.00 13.33 abc

lsd 16.11 NSD 25.15

Planting 1 Planting 3 Planting 5

Sclerotinia sclerotiorum

Fallow 1 52.22 bc 32.33 de 50.00 ab

Fallow 2 nd 4.44 ab 30.00 ab

Fumig8tor 41.11 bc 7.67 ab nd

Lablab 43.33 bc 7.67 ab nd

Nemclear 18.89 a 0.00 a nd

Nemcon 33.33 ab 0.00 a nd

Biofum 43.33 bc 12.33 abcd 70.00 bc

Tillage Radish 51.11 bc 24.33 bcde 100.00 d

Nemfix 53.33 bcd 3.33 a 63.00 b

Nemat 62.22 cde nd 93.00 cd

BQ Mulch 74.44 de 28.67 cde 66.67 bc

Mustclean 76.67 e 9.00 abc 57.00 ab

Caliente 77.78 e 35.33 e 53.00 ab

lsd 22.22 20.19 28.75

Planting 1 Planting 3 Planting 5

Macrophomina phaseolina
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INTRODUCTION 
Knowledge of organisms may be used to indicate the 
energy and nutrient channels within soil ecosystems, 
aiding the development of farm management practices 
for suppression of soilborne diseases.  Soil nematodes 
and their community structure have been used as 
bioindicators, as they are pivotal soil organisms in 
nutrient cycling and ecosystem health [1, 2]. As a result 
several soil ecosystem indices have been proposed 
including the maturity index (MI), as a gauge of the 
condition of the soil ecosystem [3], an enrichment index 
(EI), as a measure of resource availability, a structure 
index (SI), as a measure of the number of trophic layers 
and food web development and the channel index (CI), 
as a measure to predict bacterial or fungal 
decomposition pathways [4]. However, many soil 
ecosystem indicators using nematodes do not include 
plant-parasitic nematodes, which can dominate the 
community and represent a major limitation to 
agricultural production so the plant-parasitic index (PPI) 
was proposed [3]. Furthermore, indices based on origins 
of carbon entering the soil ecosystem either through 
detritus (microbivorous nematodes), roots (plant-
parasitic nematodes) or predation (predators and 
omnivores) were proposed [5].  The objective of this 
paper is to present information on the sensitivity of 
nematode community indices to assess changes in soil 
management practices using bananas as an example of a 
long-term perennial horticultural system. 

MATERIALS AND METHODS 
Field site: A field experiment was established at South 
Johnstone Research Station, in far north Queensland, 
Australia. The experiment was laid out as a randomised 
block design of 24 plots (six treatments x four 
replications). Each plot comprised of 12 banana plants in 
a single row, with 2 m between plants. Each row 
(replication) was spaced 5 m apart, with 6 treatment 
plots per row. Treatments included bare and vegetated 
groundcover (GC) plots, with the application of N 
fertiliser at either 350 kg N/ha/ratoon, 180 kg 
N/ha/ratoon and 180 kg N/ha/ratoon with a nitrification 
inhibitor Entec®. 
Soil sampling: Five samples from each plot were 
collected at the time of trial establishment and then 
every 6 months for three years, totalling seven sample 
times. Soil samples were taken from the root zone, 10 
cm from the base of five individual banana plants using a 
50 mm diameter auger to a depth of 10 cm and mixed as 
a composite soil sample.  
Soil nematode community analysis: Soil nematodes 
were extracted from a fresh 200 g sub-sample using a 
modified Baermann funnel technique for 48 hours [6]. 
Soil nematodes were identified using a compound 
microscope and separated according to their tropic 
groups; parasites (Pp), fungivores (F), bacterivores (B), 

omnivores (O) and predators (P) [2]. The bacterivore to 
fungivore ratio was calculated (B/(B+F)) and Shannon 
diversity index (H’) determined [2], along with MI, PPI, 
EI, SI and CI [3, 4] and the detrital, root and predatory 
channels [5]. 
Statistical analyses: A repeated analysis of variance was 
used to determine interactions between N and GC 
treatments over time and means separated using a 
protected LSD. Where significant time by treatment 
interactions occurred, a regression analysis was 
performed to describe significant trends.  Statistical 
analyses of all the results were conducted using Genstat 
(VSN Intl. Ltd). 

RESULTS AND DISCUSSION 
Time effects: All nematode indices showed a significant 
time effect, having significantly (p<0.01) different values 
at the different sampling times during the field 
experiment. However, the community indices EI, SI and 
CI failed to discriminate between the different 
management treatments, but there was a significant GC 
x N interaction using SI (Table 1). The proportion of 
nematodes belonging to different trophic groups was 
significantly different under the different N treatments, 
but none gave a significant N x time interaction (Table 1).  
Similarly, the trophic groups of nematodes, except 
fungivores were significantly different (p<0.01) under 
the different GC treatments (Table 1). 
Table 1. Nematode community parameters in a banana field 
experiment using a repeated analysis of variance comparing 
groundcover (GC) and nitrogen (N) treatments with six monthly 
assessments over three years and their interactions. 

Indices Time GC N Time 
x GC 

Time 
x N 

GC x 
N 

Pp (%) *** *** *** * ns ns 
F (%) *** ns * ns ns ns 
B (%) *** ** ** * ns ns 
PO (%) *** *** *** ns ns ** 
H’ *** *** *** * ns ns 
B/(B+F) *** ns ** ns * * 
MI *** *** *** ** ns ns 
PPI *** *** *** *** ns ns 
EI ** ns ns ns ns ns 
SI *** ns ns ns ns * 
CI *** ns ns ns ns ns 
Detritus *** ** *** * ns ns 
Roots *** *** *** *** ** ns 
Predation *** *** *** ns ns * 

Significant effects are indicated by * p<0.05, **p<0.01, 
*** p<0.001 and ns no significant difference p>0.05 

The nematode indices H’, B/(B+F) MI, PPI, 
detritus, roots and predation were all significantly 
(p<0.01) effected by N treatments.  However, only 
B/(B+F) and the root indices had a significant time x N 
interaction (Table 1).  GC significantly (p<0.01) 
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influenced, H’, MI, PPI, detritus, roots and predation 
community indices, with H’, MI, PPI, detritus and roots 
having significant GC x time interactions. The poor soil 
nematode community development under the banana 
and dominance of plant-parasitic nematodes in the 
community appeared to influence the suitability of the 
nematode community indices to detect changes due to 
management practices over time.   
Groundcover effects: The time x GC interactions for MI 
and detritus could best be described fitting an 
exponential curve, which could explain 55% and 73% of 
the variation respectively (Figure 1 A and C). There was a 
rapid reduction in MI and detritus index after the 
experiment was established, which reached different 
threshold values depending if vegetated or bare soil was 
present as GC. The indices based on plant-parasitic 
nematodes, PPI and roots, were best described using a 
Gompetz equation, which could significantly (p<0.05) 
explain 76% and 56% of the variation respectively (Figure 
1 B and D). A maximum threshold value for plant-
parasitic nematodes was attained after 12 months into 
the experiment, but significantly (p<0.001) different 
maximum thresholds were attained for the bare and 
vegetated treatments (Figure 1). 

Figure 1. Significant (p<0.05) groundcover treatment x time 
interactions for four soil nematode community indices, maturity 
index (A), plant-parasitic nematode index (B), detritus (C) and 
roots (D) in bananas. 

Nitrogen effects: The B/(B+F) and root indices had given 
significant (p<0.05) N x time interactions. The B/(B+F) 
could only describe 35% of the variation over time using 
regression models, which was considered unsuitable. On 
the other hand, the root index described by a Gompetz 
model could account for 76% of the variation over the 
three years (Figure 2). High N applications significantly 
increased the root index, which indicated greater C 
entering the soil food web through roots by the activity 
of plant-parasitic nematodes. The threshold for the 
proportion of plant-parasitic nematodes in the different 
N treatments was attained after 24 months of banana 
growth. 

The indices which can account for the changes in 
the proportion of plant-parasitic nematodes appear to 
be more suitable to perennial horticultural crops like 
bananas.  Soil nematode community indices are only one 
method of detecting changes in soil ecology dynamics. 
Other methods such as soil enzyme activity and carbon 

substrate utilisation profiles should also be considered. 
The correlations between the parameters can be used to 
develop a more robust indicators of ecological changes 
in soil that can lead to the suppression of soilborne 
diseases.  

Figure 2. Significant (p<0.05) nitrogen treatment x time 
interactions for root nematode index in bananas. 

SUMMARY 

 Nematode community indices that do not consider
plant-parasitic nematodes, such as EI, SI and CI were
unsuitable to detect changes due to management in
banana systems.

 GC management changed the proportion of plant-
parasitic nematodes in the community, as well as the
succession of nematodes indicated by MI and
nematode activity in detritus decomposition.

 High N applications increased the proportion of
plant-parasitic nematodes in the soil community,
indicating greater C entering soil food webs through
plant roots.
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INTRODUCTION 
Tomatoes grown for the Australian Processing Tomato 
Industry (APTI) are concentrated in a small temperate 
region which extends from the Goulburn Valley in 
northern Victoria, into southern NSW. The field-grown 
tomatoes are produced as an irrigated summer crop and 
are often grown successively in the same field for 3-6 
years before being rotated for 1 year with a cereal or 
corn crop. The tomatoes are grown from transplants or 
seed following soil treatment with metham sodium 
applied via sub-surface tape irrigation.  
The industry has observed a decline in yield over recent 
years and this has been attributed to an increase in 
diseases caused by soil-borne pathogens.  In some crops 
establishment is poor with the gradual appearance of 
stunted plants, randomly situated throughout the 
paddock in groups of 1-10 along a row.  Affected plants 
do not reach their growth and yield potential. This 
problem can be linked to the industry-wide 
intensification of production in the form of shorter crop 
rotations, repetitive use of the same paddocks and less 
diversity in cultivar choice.  

Previously, Phytophthora nicotianae was 
identified as the primary soil-borne fungal pathogen 
causing root rot disease on processing tomatoes in 
Australia (1, 2). However, since these observations date 
from at least 17 years ago, when agronomic practices 
were different, and when diagnostic technologies were 
less advanced, it is probable that other soil-borne 
pathogens might now may be associated with the 
decline in yield. 

The aim of this study was to identify the soil-
borne fungal and oomycete pathogens associated with 
the poor growth and decreased yield of processing 
tomatoes in Victoria and to confirm their relative 
pathogenicity. 

MATERIALS AND METHODS 
Survey, Isolations and preliminary identification: Thirty-
two fields in the north of Victoria, Australia were 
surveyed over two seasons, and isolations were made 
from root lesions, necrotic root tips, and from the 
discoloured inner crown tissue of stunted plants. Fungal 
isolates were initially identified to genus level based on 
morphological characteristics, and known saprophytes 
and endophytes were discarded. Putative pathogens 
were accessioned and stored.  
Molecular Identification of Pythium spp. and Fusarium 
oxysporum: Pythium isolates were sorted into potential 

species groups based on morphology and growth rates. 
DNA from Pythium and Fusarium isolates was extracted 
using the DNeasy Plant Mini Kit. PCR was performed on 
the ITS and Cox-1 regions for Pythium isolates and the 
ITS, EF1 and RPB2 regions for Fusarium oxysporum 
isolates. Reference sequences downloaded from 
Genbank were used for alignment and phylogenetic 
trees were constructed using Mega 7.  
Glasshouse Pythium and Fusarium pathogenicity tests: 
Pathogenicity tests took place in a glasshouse. Inoculum 
grown on millet seed was mixed through pasteurised 
potting mix at 5%/vol. Ten-day-old seedlings were 
transplanted into pots, organised in a randomised 
design. At 2-week intervals for two months, 
aboveground symptoms were noted and the height of 
the plants measured from soil line to the highest node. 
After 8 weeks, plants were harvested and dry root and 
shoot weights were measured. Data was analysed using 
analysis of variance (ANOVA) on R Studio. Separation of 
means was determined by Tukey’s least significant test 
(P ≤ 0.05). Data was analysed using analysis of variance 
(ANOVA) on R Studio. Separation of means was 
determined by Tukey’s least significant test (P ≤ 0.05). 

RESULTS AND DISCUSSION 
The results showed that Fusarium oxysporum and 
Pythium spp. were the most common soil-borne 
pathogens associated with poor growth tomato plants. 
In pathogenicity tests, both F. oxysporum and 7 Pythium 
species showed the capacity to reduce the growth of 
tomato plants through to maturity and therefore, could 
be associated with the decline observed in the field. 

In both years of survey, F. oxysporum and 
Pythium spp. were found at every site, often co-
occurring on the same plant. At much lower frequencies, 
Phytophthora nicotianae, Sclerotinia sp., Colletotrichum 
coccodes and Rhizoctonia solani were isolated. These 
results contrast with former reports of Phytophthora 
nicotianae being the primary pathogen responsible for 
yield loss in the processing tomatoes (1, 2). This change 
might be the result of the shift from furrow to sub-
surface drip irrigation, as well as growers improved 
awareness of Phytophthora disease hence leading to 
effective Phytophthora management in the form of 
phosphonate distributed via drip lines. 

F. oxysporum is a ubiquitous species which 
includes both pathogenic and non-pathogenic strains (3). 
In these surveys, F. oxysporum was often associated with 
a chocolate coloured vascular streak in the crown and 
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tap-root of stunted plants. This symptom was observed 
at approximately 60% of the 32 surveyed sites, including 
sites which used both direct seeding and transplant 
methods, as well as the one remaining farm to retain 
furrow irrigation. This symptom is not characteristic of 
the common Fusarium wilt disease caused by Fusarium 
oxysporum lycopercisi (Fol) however might be more 
similar to Fusarium crown and root rot disease caused by 
Fusarium oxysporum radicis-lycopercisi (Forl). These two 
organisms are indistinguishable by morphological and 
molecular means, and have historically been 
differentiated based on host range, symptomology and 
optimal growth temperatures (3). 

The results of the pathogenicity test support 
the hypotheses that the F. oxysporum isolates may be 
pathogenic and may be Forl. The symptomology 
observed in this test, namely, the reduced root mass 
with necrotic lesions on the tap root and collar, are more 
in line with Fusarium crown and root rot  disease than 
Fusarium wilt. The presence of these symptoms and the 
significant reduction in plant height one month after 
inoculation, are compelling evidence that F. oxysporum 
might be partially responsible for the poor growth 
observed in the field.  

Pythium was the second most abundant 
putative pathogenic genus isolated in both surveys. In 
the field, Pythium spp. were associated with rootlet and 
feeder root rot in stunted plants from the seedling stage 
through to the harvestable stage of plant growth. Eight 
species of Pythium were identified from the 2016/17 
survey. Of these, Pythium aphanidermatum, P. ultimum 
var. ultimum and P. irregulare are well reported 
pathogens of many vegetable crops, including tomatoes 
(4). However, most previous reports have come from 
polyhouse or glasshouse growth systems rather than 
field crops (5, 6).  

In the pathogenicity test, the three most 
frequently isolated Pythium species caused the highest 
levels of damping-off, with P. ultimum var. ultimum the 
most virulent (70% damping-off). Two weeks after 
inoculation, most tested Pythium species had 
significantly reduced the growth of the tomato plants 
compared with the control plants. However, two-months 
after inoculation, most plants recovered apart from 
those inoculated with P. ultimum var. ultimum and P. 
recalcitrans. Pythium is often regarded as a damping-off 
(seedling death) pathogen, however these results show 
that some species are also pathogenic towards mature 
plants. Furthermore, at the completion of the 
pathogenicity test, all 8 species of Pythium were 
successfully re-isolated from the tomato plant roots 
showing that although the disease symptoms may have 
subsided, the infection of the Pythium in the host plants 
continued. Therefore, it is possible that in different 
environmental conditions, higher soil temperatures for 
example, these “less pathogenic” Pythium species could 
remain virulent and reduce plant growth longer into the 
growing season (4, 5).  

This study shows that both F. oxysporum and 
Pythium spp. are associated with poor growth of 

processing-tomato plants. Based on the pathogenicity 
results as well as the known etiology of these pathogens, 
there is a strong case that both F. oxysporum and some 
Pythium spp. are contributing to the reduced plant 
vigour and consequent yield loss. In order to compete 
globally, the APTI must maintain if not increase its 
intensive production of tomato crops, on an ever-
decreasing amount of “new land” and with a growing 
consumer demand for less chemicals. Therefore, further 
studies must concentrate on how to realistically manage 
these diseases within this framework. 

SUMMARY 

 During surveys of processing tomato fields over
two seasons, Fusarium oxysporum was the most 
frequently isolated putative fungal pathogen and 
was associated with a chocolate-brown vascular
streak symptom; Pythium was the second most
common putative pathogen associated with 
rootlet and feeder root rot in stunted plants.

 The isolated Fusarium oxysporum is suspected to
be the less common F. oxysporum f. sp. radicis-
lycopercisi which varies from F. oxysporum 
lycopercisi in its host range, optimal temperature 
and symptomology.

 Eight Pythium species were identified with P.
ultimum var. ultimum, P. aphanidermatum and P. 
irregulare causing serious damping-off, P. ultimum 
var. ultimum and P. recalcitrans reducing plant
growth up to two months after inoculation and P.
carolinianum not being pathogenic.
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INTRODUCTION 
Black foot disease is a major disease of grapevines 
worldwide, causing the decline and eventual death of 
young vines. The causal agents are reported to be 
soilborne pathogens from several genera including 
Cylindrocarpon, Dactylonectria and Ilyonectria (1). A 
survey of symptomatic vines in New Zealand identified 
Ilyonectria liriodendri, Dactylonectria macrodidyma and 
species within the I. radicicola – complex as being the 
main species associated with the black foot disease 
complex (2,3,4).  

These pathogens are reported to infect grapevines 
from soil borne inoculum produced on infected 
belowground host tissue, which can remain in soil after 
removal of infected plants, or spread through movement 
of soil and water (5). Most Dactylonectria and Ilyonectria 
species produce conidia and chlamydospores, however 
the relative pathogenicity of the propagules including 
mycelium has not been well studied. Further, black foot 
disease has also been reported to develop preferentially 
in poorly drained heavy soils (6). This study aimed to 
determine the relative pathogenicity of the different 
Ilyonectria/Dactylonectria species propagules in soil, and 
whether soil type influences infection of grapevine 
cuttings by these propagules.  

MATERIALS AND METHODS 
Fungal inoculum: Nine Ilyonectria/Dactylonectria 
species isolates obtained from necrotic lesions on 
grapevine roots and trunks in grape growing regions of 
New Zealand (2) were used in this study; I. liriodendri 
isolates WPale, HB2d and Mar19, ‘I. radicicola-complex’ 
isolates WPala, Colc and Mar13a and D. macrodidyma 
isolates Co6a, Gis3d and Mar9b were used for this study. 

Conidial suspensions were produced by flooding 3 
week old cultures grown on potato dextrose agar (PDA) 
with sterile water + tween 80 and scrapping the surface 
with a sterile glass microscope slide. The resulting 
suspension was sieved through a 150 µm mesh to 
remove mycelial fragments and adjusted to 10

6
 

conidial/mL. Chlamydospore suspensions were produced 
by growing each isolate in 1/3 strength Czapex Dox broth 
at 20°C for 30 days in a shaking incubator. The mycelium 
was washed in sterile water and sieved 3 times to 
remove conidia, then homogenised for 2 min at high 
speed and sieved again to remove mycelium. The 
resulting filtrate was adjusted to 10

6

chlamydosporesl/mL. For mycelium production the 
isolates were grown on sterilised wheat grain. The final 
spore suspensions comprised of equal quantities of each 
isolate, and for mycelial inoculum equal quantities of the 
infested wheat grain from each isolate was mixed. 
Sterile water or wheat grains were used as controls. 

Different propagules: An experimental plot (2.9 x 1.9 m) 
at Lincoln University was rotary hoed and divided into 3 
rows of 10 plots. Six replicates of each of the 5 
treatments were planted in a randomised block design 
with each row divided into 2 blocks of 5 plots. Each plot 
consisted of 2 rows of 10 vines, with the central 6 vines 
used for assessments. 

Planting holes were inoculated with either 20 mL 
mixed isolate conidial or chlamydospores suspension 
using a sheep drench gun or by adding 5 g of infested 
wheat grain into each hole. Controls (water or sterile 
wheat grain) were added in a similar way. Callused 101-
14 grapevine cuttings were immediately planted into the 
holes. The plants were drip irrigated throughout the 
trial. After 6 month growth the vines were harvested and 
Ilyonectria/Dactylonectria infection at 1 cm and 5 cm 
above the stem base determined by plaiting surfaced 
sterilised wood pieces onto PDA plates amended with 
chloramphenicol as described by Halleen et al. (7). 

Infection by different propagules in different soils: 
Three different soil types being heavy (Wakanui clay 
loam), medium (Templeton silt loam) and light (Eyre 
shallow fine sandy loam) were collected, transported to 
Lincoln University and used the next day. Pots (2.5L) 
were filled with each soil type and 20 mL of spore 
suspension or 5 g infested wheat grains placed into 
planting holes (7 cm) immediately prior to planting 
callused 101-14 grapevine cuttings. Twenty replicates 
per treatment were set up and arranged in a split-plot 
design in the Lincoln University greenhouse. After 6 
months growth the vines were harvested and 
Ilyonectria/Dactylonectria infection at 1 cm and 5 cm 
above the stem base as described.  

Statistical analyses: The disease incidence data was 
analysed by logistic regression for binomial data 
(presence or absence of pathogen) followed by pair-wise 
comparisons using SPSS version 13. A p value of 0.05 was 
used to indicate statistical significance. 

RESULTS AND DISCUSSION 
Different propagules: There was a significant effect of 
propagules on disease incidence at 1 cm (P<0.001) and 5 
cm (P<0.001) above the stem base. Conidia and 
chlamydospores caused significantly higher disease 
incidence at 1 cm compared with the mycelial inoculum. 
At 5 cm above the stem base chlamydospores caused 
significantly higher disease incidence compared with 
both conidia and mycelium. This is the first report of 
infection of grapevine rootstock from soil borne 
chlamydospore and mycelial inoculum of these species. 
All propagules caused significantly greater disease 
incidence that their respective controls. However, the 
background level of Ilyonectria/Dactylonectria in the 
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untreated control treatments was relatively high. This 
site was previously used as an apple orchard and 
indicates that propagules of these pathogens can 
accumulate in orchards, which can infect subsequently 
planted grapevines as suggested by Bonfiglioli (8).  

Although no quantification of the relative recovery 
of the different isolates were carried out, based on the 
colony morphology of the isolates growing from the 
grapevine word pieces, all inoculated isolates were seen 
to infect the grapevine rootstocks.  

Table 1. Disease incidence at 1 and 5 cm above grapevine stem 
base in soil after 6 month growth in soil inoculated with 
different propagules of Ilyonectria/Dactyolnectria spp.  

Propagule Disease incidence 

1 cm 5 cm 

Chlamydospore 84a 64a 
Conidia 82a 43b 
Mycelium/wheat 65b 35bc 
Water control 39c 27c 
Wheat control 20d 12d 

Data followed by different letters differ significantly (P<0.05) 

Infection by different propagules in different soils: 
There was no significant interaction between soil type 
and propagule type on disease incidence at 1 cm 
(P=0.639) or 5 cm (P=0.649). Soil type had a significant 
effect on disease incidence at both 1 cm (P=0.001) and 5 
cm (P<0.001) above the stem base, being significantly 
higher in the clay loam compared with the sandy loam or 
silt loam soils (Table 2). Poorly drained heavy soils have 
been reported to increase the development of black foot 
disease (6).  

Table 2. Disease incidence at 1 and 5 cm above grapevine stem 
base after 6 month growth in 3 different soils inoculated with 
Ilyonectria/Dactyolnectria spp. propagules. 

Propagule Disease incidence 

1 cm 5 cm 

Sandy loam 46a 30a 
Silt loam 51a 37a 
Clay loam 71b 54b 

Data followed by different letters differ significantly (P<0.05) 

There was a significant effect of propagule type on 
disease incidence at both 1 and 5 cm above the stem 
base (P<0.001 for both) being significantly higher in the 
Ilyonectria/Dactyolnectria spp. treatments compared 
with the respective controls (Table 3). The incidence at 5 
cm above the base was also higher for the conidial 
inoculation treatments compared with both 
chlamydospore and mycelium inoculation.  

Table 3. Disease incidence at 1 and 5 cm above grapevine stem 
base after 6 month growth in 3 different soils inoculated with 
different propagules of Ilyonectria/Dactyolnectria spp.  

Propagule Disease incidence 

1 cm 5 cm 

Chlamydospore 73a 53b 
Conidia 85a 68a 
Mycelium/wheat 78a 50b 
Water control 27b 18c 
Wheat control 17b 12c 

Data followed by different letters differ significantly (P<0.05) 

Mycelium growing on wheat grains may need a 
longer period to infect the grapevine roots compared 
with spore inocula. However, the wheat grains may have 
also provided nutrients for other soil saprophytes 
reducing the pathogenicity of the mycelial inoculum. 

SUMMARY 

 All propagules, conidia, chlamydospores and
mycelium, were able to infect callused grapevine
rootstocks when planted in inoculated soils.

 The relatively high background level of
Ilyonectria/Dactylonectria infection in the untreated 
control soil in the field experiment is probably
related to this site being previously used as an apple
orchard.

 Disease incidence was significantly higher in the clay
loam compared with both sandy loam and silt loam 
soils, however soil type did not influence the disease 
incidence caused by the different propagules.
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INTRODUCTION 
Pythium leak, caused by the soil borne pathogen 
Pythium ultimum, is a serious disease of potato in the 
main potato growing regions of the United States (1). P. 
ultimum is of major concern to potato producers due to 
the great loses it can cause in the field and storage (1,2). 
In Idaho, Pythium leak is seen during harvest and early 
in storage. The pathogen cannot directly penetrate the 
periderm of potato, requiring wounds, cuts or bruises to 
cause infection (1). Usually, contamination of tubers 
takes place in the field prior to harvest especially when 
the soil is wet, but tubers may also become infected 
during handling operations at harvest and going into 
storage. Infection of potatoes is favored by highly 
infested soil, wet soil, high temperature at harvest, 
wounds and bruises during harvest and high humidity in 
storage (1,2,3). There is lack of understanding about the 
correlation between these factors and inoculum level in 
the soil. Growers’ need to know if the pathogen is 
present in soil or on tubers, inoculum level, 
epidemiology and more importantly pathogen-host-
environment interplay, to determine the right disease 
management strategies that can be used before the 
onset of diseases. Therefore, experiments were 
conducted to determine if there is a correlation 
between soil inoculum level and pre-storage 
temperature during harvest to see the effect of these 
two factors on infection of tubers in storage. The broad 
objective of this project is to develop a better 
understanding of pathogen-host-environment interplay 
and underlying epidemiology of P. ultimum in order to 
develop a model that can be used to predict the risk of 
Pythium leak in storage at harvest.  

MATERIALS AND METHODS 
Field experiment: Potato plots (two rows, 3 m x 6 m) in 
a field at Aberdeen Research and Extension Center were 
inoculated with P. ultimum suspension (mycelia and 
oospores) at the hilling stage. A soil sample (50 g) was 
collected from each plot (total 8 plots) at the hilling 
stage (2 weeks after inoculation) and at harvest (2 
weeks after vine kill) using W sampling method. DNA 
was extracted using a previously described method 
which utilizes a CTAB based lysis buffer followed by 
purification using paramagnetic particles in conjunction 
with a Kingfisher mL magnetic particle processer (5). The 
amount of P. ultimum DNA was quantified using 
Pythium species specific primers (4), TaqMan probe and 
qPCR (Bio-Rad). 
Pre-storage and storage treatments: The tubers were 
harvested and immediately incubated at 15°C, 20°C, 
25°C and 30°C for 48 hours in Peltier chambers. The 
relative humidity was maintained at 90-95% using moist 
paper towels. After 48 hours of pre-storage treatment, 
tubers were transferred to plastic crates lined and 

covered with moist burlap bags. Tubers were stored at 
two storage temperatures: 8.8°C and 12.8°C (8.8°C for 
fresh market  

potatoes; and 12.8°C for processing potatoes). Moisture 
was checked every day and burlap bags were sprayed 
with sterile distilled water as needed. Disease incidence 
and severity was recorded at 7 days interval and DNA 
was extracted from the same tubers (100g) using a CTAB 
tissue DNA extraction protocol in a Kingfisher mL. 
Pythium DNA was quantified using Pythium species 
specific primers (5); TaqMan probe and qPCR (Bio-Rad). 
Artificial inoculation Experiment: Tubers were bruised 
by dropping from a 3 m corrugated metal tower. Tubers 
were inoculated in a P. ultimum suspension (mixture of 
mycelia and oospores) for 16 hours. After 16 hours, 
tubers were transferred to crates lined and covered with 
moist burlap bags. Tubers were stored at either 8.8°C or 
12.8°C storage. Disease incidence, severity and 
pathogens levels was determined as described above. 

RESULTS AND DISCUSSION 
Pythium concentration 2 weeks after inoculation and 
at harvest:  

Figure 1:  Levels of Pythium ultimum DNA in soil at hilling and at 
harvest. 

The concentration of P. ultimum in the soil was tested 2 
weeks after inoculation and at harvest using species 
specific primers and TaqMan probe. Result showed a 
decrease in P. ultimum concentration by approximately 
40% between hilling and harvest (Fig. 1). However, this 
was enough to cause infection in tubers stored at two 
different temperatures in the storage (Fig 2). The 
irrigation and rainfall might have some impact on the 
decrease in inoculum level.  
Disease incidence and severity in storage: 

66



Dangi et al. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

The tubers started showing visible symptoms after week 
3. The tubers started showing disease symptoms which
increased exponentially after 3 weeks in storage. The 
result showed that P. ultimum has a latent period before
development of symptoms. In our experiment, it took 3 
weeks for naturally infected tubers to develop
symptoms. The tubers incubated at 20°C, 25°C and 30°C
had higher infection compared to the tubers incubated
at 15°C. The storage temperature 8.8°C had lower
disease severity compared to 12.8°C. The low 
temperatures of storage decreased the respiration rate
of tubers, decreased the infection activity and increased
the latent period of P. ultimum. So, the higher pre-
storage temperatures had a direct impact on disease
severity in the storage.

2a.         

2b. 
Figure 2: Effect of pre-storage temperature on disease severity 
of naturally infected tubers stored at two different storage 
temperatures (2a. 8.8°C and 2b. 12.8°C).  

Disease incidence and severity in artificially inoculated 
tubers in storage: 
Results showed that the inoculated tubers had a shorter 
latent period compared to naturally infected tubers (Fig 
2 and 3). Artificially inoculated tubers had higher 
amount of inoculum in the inoculum suspension, fresh 
deep bruises and longer inoculation period than the 
tubers that were naturally infected in the field and at 
harvest.  This most likely has a direct impact on 
differences on the latent period. 

Figure 3: Effect of pre-storage temperature on disease severity 
of artificially infected tubers stored at 12.8°C (graph not shown 
for 8.8°C). 

SUMMARY 

 P. ultimum concentration in soil decreases overtime
after inoculation. However, the amount of inoculum
at harvest was enough to cause infection in storage.

 P. ultimum had shorter latent period in artificial
inoculation experiment (1 week) compared to the 
natural inoculation experiments (3 weeks).

 Disease incidence and severity at both storage
temperatures (8.8 °C and 12.8°C) were higher on
tubers treated with pre-storage (48 hours)
temperatures 20°C, 25°C and 30°C compared to
15°C. Tubers stored at 30°C (pre-storage
temperature for 48 hours) were highly infected and
secondary bacterial infection was also observed.
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INTRODUCTION 
Rhizoctonia root rot (RRR) caused by Rhizoctonia solani 
AG8 is a major root disease of cereals and other crops in 
dryland farming systems resulting in stunting of 
seedlings and reduced ability to access water and 
nutrients (1). RRR is difficult to control due to its wide 
host range and lack of resistant cultivars. New seed 
applied and in-furrow chemical treatments have recently 
been registered in Australia for RRR control on cereals 
and provide partial control (2). 

RRR is known to be influenced by soil microbes and 
a program screening 2,310 microbes using an in planta 
pathosystem identified 43 strains with the ability to 
control RRR when applied to seeds (3). Further 
characterisation for survival on seed and storage, genetic 
stability, growth, fungicide compatibility, etc., identified 
24 strains that appeared suitable for further 
development as seed inoculants. These strains were 
assessed in the field in a two-step process: firstly in 1 m 
replicated micro-plots to assess early season disease 
control on roots and then in larger 20m plots to assess 
disease control and yield.  

MATERIALS AND METHODS 
Rhizoctonia field trials: Field trials were carried out at 
five sites between 2012 and 2014 in commercial 
cropping paddocks in low rainfall areas with naturally 
occurring rhizoctonia. All sites had pre-sowing R. solani 
AG8 DNA levels of >100 pg DNA/g soil as measured by 
SARDI Root Disease Testing Service, indicating a 
moderate to high risk of disease development. 

Due to the patchy nature of RRR, also called ’bare 
patch’, all field trials were conducted using a split-plot 
design with microbial treated seed and untreated seeds 
in adjacent rows or plots to enable measurements to be 
made on plants grown in the same disease space.  
Application of microbes: All microbes were applied as 
seed coatings to wheat cvs. Kord CL or Grenade CL. 
Microbes were grown on agar plates for 4 to 14 d 
depending on the strain. Spores and cells were scraped 
from plates and suspended in a sticker solution (0.3% 
xanthan gum, 0.05% Na alginate) to give 10

4
 to 10

6
 

cfu/seed. In untreated plots, the same volume of sticker 
solution was applied without microbes. 
Micro-plots: For initial assessment of disease control 
capability in the field, 24 microbial strains were assessed 
in 1 m row plots. Seeding furrows were established with 
a 6 row plot seeder, with fertiliser and herbicide applied. 
Seeds were hand planted with planting template at 40 
mm spacing and 25 mm depth. Each treated row was 
paired with an untreated row in a split-plot design. 
EverGol® Prime (Bayer) and Vibrance® (Syngenta) were 
included for comparison and applied to seed at label 
rate. Each seed treatment was assessed in two trials. 
Early season growth of shoots and roots and Rhizoctonia 
root rot on seminal and crown roots was assessed at 

eight weeks after sowing on a 0-5 scale (0=no disease, 
5=all roots infected and truncated). 
20 m plots: Fourteen microbes that had previously 
produced significant increases in plant growth or 
reductions in root disease were assessed in 20 m long 
plots for their effects on early season shoot growth and 
root disease at eight weeks after sowing and for grain 
yield at harvest. In each six row plot, a microbial 
treatment was applied to the seed sown in three 
adjacent rows and untreated seeds sown in the other 
three rows in a split-plot design. Paenibacillus strain S4 
was assessed in three trials, Streptomyces strain F5 was 
assessed in one trial. An in-furrow chemical treatment, 
Uniform® (Syngenta) was applied for comparison in one 
trial.  
Statistical analyses: Results from trials were assessed as 
split-plot RCBD with six replicates using the Genstat (VSN 
Intl. Ltd). Fisher’s LSD was used for two way comparison 
between treated and untreated sub-plots.  

RESULTS AND DISCUSSION 
From our growth-room screening program we identified 
24 microbial strains with potential to reduce Rhizoctonia 
root rot on wheat seedlings grown in pot bioassays. The 
next development step was to assess performance of 
these strains when applied as seed coatings under field 
conditions where they would be used commercially. 
From field trials, two strains, Paenibacillus S4 and 
Streptomyces F5 were identified as being able to reduce 
disease in the field with potential to be further 
developed as commercial inoculants for Rhizoctonia root 
rot. For brevity, only results for these strains are shown. 

In the micro-plot trials, differences for individual 
strains were only significant with a greater than 30% 
reduction in root disease due to the highly variable 
nature of the disease. When results for the two trials for 
all strains were combined results were highly significant 
for increases in plant growth and reductions in root 
disease on seminal and nodal roots (Table 1).  

Table 1. Combined analysis of 10 strains assessed in two micro-
plot trials in 2012, showing shoot and root dry weight (DW) mg 
per plant and seminal and nodal root disease score (DS) at 8 
weeks. % change = [(Microbe treated/untreated)x100]-100. 
N=120, 2 sites x 10 microbial treatments x 6 replicates.  
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Shoot DW mg/plant 283 256 <0.001 10 

Root DW mg/plant 55 52 0.003 7 

Seminal root DS 0.8 1.2 <0.001 -32 

Nodal root DS 1.1 1.5 <0.001 -28 

The previous growth room ranking of strains 
was not necessarily reflected in field performance. 
Paenibacillus S4 ranked highly in bioassays and also in 
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the field, however, Streptomyces F5 ranked well outside 
the top 10 but was one of the best performing strains in 
the field in terms of increasing plant growth (by 20%) 
and reducing root disease (by >20%). These two strains 
out performed current registered seed applied chemical 
control treatments in terms of reducing disease (Table 
2). 

Table 2. Percentage increase in shoot dry weight and decrease 
in seminal root disease in two micro-plot trials with microbial or 
chemical seed treatments, eight weeks after sowing. *seed 
treatment significantly different from untreated controls at LSD 
(0.05), n=6. 

Seed Treatment Trial 

% Increase 
in shoot 

DW 

% Decrease 
in seminal 

root 
infection 

Paenibacillus S4 1 3 38* 

Paenibacillus S4 2 14 24* 

Streptomyces F5 1 20* 21* 

Streptomyces F5 2 23* 32* 

EverGol® Prime 1 2 7 

EverGol® Prime 2 9 9 

Vibrance® 1 5 20 

Vibrance® 2 26* 23 

Strains producing significant reductions in disease 
in two micro-plot trials were then assessed in larger 20 
m plot trials to assess their potential to increase yield. 
Six strains were assessed in the 20m plot format in 2013. 
Compared to untreated controls, changes in grain yield 
were not significant at P<0.05 and ranged from a 
decrease of 5.4% to an increase of 4.6%. Paenibacillus S4 
performed relatively consistently over three trials with 
yield increases of 3.8 to 4.2% (Table 3). 

Table 3. Percentage decrease in seminal root infection and 
increase in grain yield in 20 m plots with seed coated microbes 

or in-furrow application of chemical treatment, Uniform®. 
*seed treatment significantly different from untreated controls
at LSD (0.05), n=6. 

Seed Treatment Trial 

% Decrease 
in seminal 

root 
infection 

% Increase 
in grain 

yield 

Paenibacillus S4 1 27* 4.1 

Paenibacillus S4 2 12 3.8 

Paenibacillus S4 3 17* 4.2* 

Streptomyces F5 1 32* 2.8 

Uniform®  1 35* 3.0 

In 2014, one 20 m trial was undertaken with two 
strains selected from 2013 20 m trials, including strain 
S4, and six strains selected from 2013 micro-plots, 
including strain F5. Also included was the in-furrow 
chemical control Uniform® for comparison. 
Streptomyces strain F5, again provided high levels of 
disease reduction with yield comparable to the chemical 
control (Table 3).  

Field trials to assess control options for RRR are 
difficult due to the patchy nature of the disease (4), 
producing a high level of variation between replicate 
plots. Despite this, with the employment of a paired 

treated and untreated rows or plot design it was 
possible to demonstrate significant reductions in disease 
level with the application of several microbes, however, 
responses still needed to be large for statistical 
significance. The use of micro-plots was also useful in 
providing a low cost method for initial assessment of 
disease control. 

The outcome of these trials is the identification of 
two strains, Paenibacillus S4 and Streptomyces F5 that 
provided significant and consistent disease reductions 
when applied to seeds. Reductions in root damage were 
similar to that provided by current registered chemical 
controls for this disease. Strains from both Paenibacillus 
(5) and Streptomyces (6) are well known as being closely
associated with plant roots and for having biocontrol
activity. These two strains are undergoing further
assessment in the lab and field to determine their
suitability for development as commercial inoculants.

SUMMARY 

 Rhizoctonia root rot is a major root disease of
cereals with limited effective control options.

 A suite of bacteria identified bioassay studies were
assessed as seed coatings on wheat in fields with a
high risk of Rhizoctonia root rot. 

 Two bacteria, Paenibacillus S4 and Streptomyces F5,
reduced root rot by 20 to 38% and increased yield up
to 4%. They are being further developed as potential
commercial inoculants.
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INTRODUCTION 
Grape production and quality are strongly dependent on 
soil conditions and composition (1). Grapevine plants are 
normally mycorrhizal, establishing an interaction with 
arbuscular mycorrhizal fungi (AMF). These fungi are 
obligate biotrophs and establish a mutually beneficial 
relationship when penetrating inside the cortex of plant 
roots (2). Environmental factors and host plant species 
could impact the distribution and the composition of 
AMF communities (3, 4). While AMF are generally 
regarded as non-specific symbionts, preferred 
associations between specific fungi and plant species 
occur in various ecosystems, including vineyards.  Due to 
difficulties in culturing and identifying mycorrhizae, 
there is a significant knowledge gap regarding the AMF 
communities associated with grapevines in New Zealand. 
In this paper, we present preliminary results on the 
morphological identification and diversity of grapevine 
AMF communities recovered from a root trap system 
under controlled conditions. 

MATERIALS AND METHODS 
Experimental design and sampling technique: The field 
sampling site is located in Blenheim, Marlborough in the 
north-eastern tip of the South Island of New Zealand. At 
this site, four different grapevine rootstocks (101-14, 
Schwarzmann, SO4, 5C) were planted 20 years ago 
following a Latin square design with 8 replications (4 
vines per bay per replication). In late spring 2017, ten 
grapevine root samples were randomly sampled from 
each rootstock variety from the upper 15 cm soil layer. 
The collected roots were washed, dried and used to set 
up trap cultures for AMF recovery.  
AMF recovery using trap cultures: To determine the 
AMF species colonising the roots collected from the field 
site, trap cultures were produced. The root pieces (0.2-
0.5 g) were placed in pots containing sterilised 
pumice:sand:low phosphorus (50:40:10) medium and 
grapevine rootstocks planted along with plantain and 
white clover seeds. The grapevine rootstocks planted in 
the pots were the same as those sampled from. After 3 
months, roots were sampled and stained with trypan 
blue and assessed for colonization by AMF as described 
by Brundrett (5). 
Spore extraction: following confirmation of mycorrhizal 
colonization, the pots were dried for two weeks and the 
AMF spores were isolated using a modified wet sieving 
method (5). AMF spores produced in pot culture were 
collected onto filter paper. 
AMF spore identification: Spores were identified to 
genus or species level based on spore morphotyping. 
The morphological characteristics (colour, shape, size 
etc.) were recorded. The morphologies were compared 
with those on the INVAM website to identify spores to 
AMF genus and/or species level. Confirmation of species 
identification will be done by sequence analysis. 

RESULTS AND DISCUSSION 
AMF colonisation: The roots of the three bait plants 
were microscopically scored for the presence of visible 
AMF structures (Figure 1) and assessed for the 
percentage of mycorrhizal colonisation (Figure 2). 

Figure 1. Typical colonization of plant roots from trap cultures. 
AMF and dark septate endophyte colonisation in plantain roots 
(a), AMF colonisation in clover (b) and grapevines (c). A: 
arbuscules, AH: aseptate hyphae, DSE: dark septate endophyte, 
MC: moniliform cells, MS: microsclerotia, SH: septate hyphae, S: 
spore.  
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For the grapevine rootstocks cuttings, only 25 to 30% of 
the assessed root samples were colonized by AMF 
(Figure 2) but AMF spores  were observed in these 
samples (Figure 1c). The low level of colonization in 
grapevine roots maybe due to the cuttings being 
affected by a period of high heat during the summer 
period causing stress and death of some vines. In 
contrast, clover (55-60%) and, particularly, plantain (70-
80%) roots were more efficiently colonized by AMF as 
shown by the presence of arbuscules and/or vesicles 
(Figure 1a & b). Plantain roots were also colonised with 
dark septate endophyte (DSE), with several roots 
containing both AMF and dark septate endophytes 
(microsclerotia and/or moniliform cells) (Figure 1a). Co-
occurrence of AMF and DSE has been reported 
before (6), but role of DSE in ecosystems is still poorly 
understood. 

Figure 2. Percent of sampled root pieces colonized by AMF. 

Morphological identification of AMF spores: The AMF 
species identified based on spore morphology belonged 
to four genera: Funneliformis, Acaulospora, 
Scutellospora and Gigaspora (Figure 3). The AMF species 
putatively identified here will be further confirmed by 
sequencing. Despite the fact that the literature states 
that AMF communities are not host specific, in this 
study, not all the rootstocks were colonized by the same 
AMF communities. A difference in AMF species 
frequencies was also observed between the four 
rootstocks which indicated a host preference for some 
AMF. SO4 and 5C harboured the same AMF species. The 
dominant species was Funneliformis geosporum 
followed by Acaulospora capsicula, F. mosseae and 
Scutellospora calospora. In contrast, Schwarzmann was 
dominated by F. mosseae followed by F. geosporum and 
S. calospora. For 101-14, the most dominant AMF
species was F. geosporum followed by F. mosseae, S.
calospora, Gigaspora margarita and A. laevis. This result
showed a certain trend of AMF specificity among
different plant hosts. However, recent reports on
grapevine have shown that AMF-plant associations may
not always be species specific and that factors such as
soil physicochemical properties can determine the AMF-
plant interactions (1, 2). Therefore, future research will
be conducted to test whether AMF communities are
driven by host plant or by soil factors and to assess the
beneficial effect of different species and AMF
communities on grapevine growth and health.

Figure 3. AMF spores isolated from root trap cultures. 
A: Acaulospora capsicula and B: Acaulospora laevis with 
sporiforus saccule attached to the spore. C: Scutellospora 
calospora, a bulbous suspensor and germination shield is 
observed. D: Funneliformis mosseae surrounded by a tight 
peridium. E: Funneliformis geosporum, an occlusion where the 
septum was attached to the spore is observed. F: Gigaspora 
margarita with a bulbous suspensor.  

SUMMARY 

 Root based trap systems enabled the recovery of 
AMF communities collected from four different
grapevine rootstocks.

 AMF species identified based on spore morphology
belong to four genera: Funneliformis, Acaulospora,
Scutellospora and Gigaspora.

 Difference in AMF species frequency between the
four grapevine rootstocks suggested a possible host
preference by some AMF species.
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INTRODUCTION 
Vegetable growers and their advisers have identified 
soilborne diseases as one of their main challenges. 
Soilborne diseases cost Australia’s $4 billion vegetable 
industry an estimated $120 million each year.  
Disease management has become more challenging due 
to fewer chemical control options, intensified production 
systems and consumers demanding perfect looking 
produce, with minimal use of pesticides.  
Growers and advisers are increasingly interested in 
integrated control methods, especially soil health 
management to reduce soilborne disease pressure. 
Therefore, Horticulture Innovation Australia is funding 
RD&E for a multifaceted approach to soil borne disease 
management in vegetable crops (VG15010).  
The first project activity was to prioritise the main 
soilborne diseases affecting major Australian vegetable 
crops and determine RD&E activities. 

MATERIALS AND METHODS 
A comprehensive gap analysis and prioritisation of 
soilborne diseases, vegetable hosts and regions were 
conducted using a process that built on previous 
research and targeted surveys. The key components of 
the process were:  

 A review of previous Australian soil borne disease
projects and disease priority lists

 Consideration of the Strategic Agri-chemical Review
Process (SARP) priorities for minor use applications

 Consultation with pathologists, nematologists,
advisers, agronomists and industry experts

 Targeted survey of Australian vegetable growers

 Input from the project reference group of growers
and technical experts

 Consideration of the value of production of each 
crop and associated losses to soil borne diseases.

The analysis included a review of recommended 
soilborne disease management practices. 

RESULTS AND DISCUSSION 
The analysis resulted in identifying the following disease 
and crop combinations as priorities for the project: 
Brassicas 

 Clubroot (Plasmodiophora brassicae) 

 Sclerotinia (S. sclerotiorum)

 Damping off complex (Rhizoctonia spp, Pythium spp.,
Fusarium spp.)

Carrots 

 Cavity spot and forking (Pythium sulcatum, P violae)

 Damping off complex (Qld) (Rhizoctonia spp., 
Pythium spp.) 

 Root-knot nematodes (Meloidogyne spp.)

 Carrot Scab (Tas) (Streptomyces scabies) 
Babyleaf spinach

 Damping off complex (Rhizoctonia spp, Pythium spp., 
Fusarium spp.) 

Lettuce 

 Sclerotinia (S. sclerotiorum, S. minor)

 Damping off complex (Rhizoctonia spp, Pythium spp.,
Fusarium spp.)

 Big Vein (lettuce big-vein associated virus via
Olpidium brassicae, Mirafiori lettuce virus)

Capsicums, chillies 

 Southern blight (Qld) (Sclerotium rolfsii)

 Damping off complex (Rhizoctonia spp, Pythium spp., 
Fusarium spp., Phytophthora spp.)

 Root-knot and root lesion nematodes (Meloidogyne
spp., Pratylenchus spp.)

Beans 

 Sclerotinia (S. sclerotiorum)

 Damping off (Rhizoctonia spp.) 

 Southern blight (Qld) (Sclerotium rolfsii)

 Charcoal rot (Macrophomina phaseolina)
Leeks, celery

 Basal plate rot (Fusarium spp.)

 Pink root (Pyrenochaeta terrestris)

The analysis highlighted that many key management 
practices apply to all major soilborne diseases in 
vegetable crops. These are therefore a focus for 
extension and field demonstration activities. They are: 

Understanding risks 

 Pre-plant soil tests, seed tests; inoculum density-
disease relationships are often unreliable because
disease expression usually depends on site specific
production conditions – R&D required

 Crop histories and monitoring of diseases in previous
crops to guide site selection and crop choices

 Observing surrounding host crops (area wide
management) and eliminating weed hosts 

 Weather monitoring and disease forecasting to help
with managing risks identified by e.g. soil and seed
tests and to target pesticide applications

 Understanding the relationship between soilborne
disease and soil conditions / soil health; these
relationships are not quantified - R&D required

Most abovementioned risk assessments are not 
routinely used for commercial crops because R&D gaps 
still exist; priorities are listed below under R&D gaps. 

Managing risks  

 Site selection using knowledge of paddock conditions
and (disease) history

 Rotation with non-hosts

 Selection of optimal planting times (especially for
susceptible varieties and or ‘risky’ paddocks)

 Soil health management, especially biological
diversity and soil structure (minimum tillage, cover
crops, controlled traffic), suitable organic
amendments (suppressive soils)

 Good infiltration and drainage, no compaction 
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 Microclimate manipulation - irrigation (minimising
wet foliage periods, drip irrigation) and humidity
(row direction and plant spacing, canopy type)

 Use of tolerant or resistant cultivars 

 Functional and mixed cover crops, avoiding hosts

 Avoiding excess nitrogen, balanced overall nutrient /
fertility management

 Good weed control, controlling hosts

 Rogueing infected plants early if appropriate 

 Minimising soil, water and equipment movement
from infested fields to clean sites, hygiene and
sanitation

 Optimising fungicide types, application methods and
timing, pesticide resistance management

 Fumigation for protected and high value crops e.g.
seed (last resort)

For damping off fungi important approaches are: 

 Clean seed and transplants, good nursery practices

 Minimisation of plant stress via good overall crop
management

 Monitor water sources (especially for hydroponic
crops) to ensure they are no pathogen free

 Support quick emergence from soil and good early
root growth 

R&D gaps were similar for most soil borne diseases and 
crops. They are: 

1. Predicting site specific risk / commercial validation
of existing decision-support tools and development
of additional tools:

– soil and seed testing incl. DNA detection assays 
to quantify the pathogen status - understanding
inoculum level thresholds to develop risk
categories

– predicting risk of infection (e.g. monitoring of
micro and macro climate, soil moisture
monitoring (critical wetness levels and periods)
and disease forecasting - understanding
predictive values / risk categories / thresholds)

– determining disease levels before harvest to
understand market risks and risk to following 
crops

2. Fungicide resistance and cross-resistance - regional
monitoring required 

3. Biocides - evaluate efficacy in different production 
systems and conditions (soils, climate) and
compatibility with commonly used fungicides (all
pesticides?) and fertilisers in different production
systems

4. Methods and economics of inoculum reduction,
evaluation of different cultural, integrated and
innovative (stimulants, biocides etc.) approaches
(short and long term)

5. Understanding and managing fungicide resistance
and cross-resistance problems on a regional basis
(regional monitoring required)

6. Minor use permits for effective pesticides, new
registrations 

In addition, for damping off fungi (e.g. Pythium spp., 
Fusarium spp., Rhizoctonia spp.) R&D gaps are: 

1. Identify, utilise or create suppressive soils for
diseases disease complexes,

2. Disease and soil community characterisation
3. Seed treatments esp. for Pythium spp.
4. Understanding sources of primary inoculum (esp.

for  Rhizoctonia spp.)
5. Understanding the relative threat of seed borne +/-

soil borne inoculum
6. Anaerobic soil disinfestation, solarisation and other

soil treatments to replace Metham Sodium (refer
to Hort Innovation report VG13045) including
economics.

PRIORITISATION BASED ACTIVITIES 

Materials and undertakings to support growers and 
advisers with soil-borne disease management  

Many of the diseases identified in the prioritisation 
process have been the subject of a great deal of 
research, and various control practices are ready to be 
used. The project is delivering extension materials and 
activities for the vegetable industry such as: fact sheets, 
videos, webinars, field days associated with 
demonstration sites, workshop, best practice guides and 
masterclasses via www.soilwealth.com.au. 

Research 

The project has a small research component, which 
focusses on new methods for managing the damping off 
complex in babyleaf spinach, Sclerotium rolfsii and 
damping off in capsicums and cavity spot in carrots. To 
date, field trials on new fungicide chemistry have been 
established in Tasmania and Bundaberg, and the impact 
of improved soil and nutrient management, including 
cover crops and compost additions are being evaluated 
in Tasmania and WA.  Several greenhouse trials are 
running to tests new disease control approaches.  
Irrigation management can have a major impact on the 
development of soil borne disease. Soil moisture levels 
are being measured in carrots and chillies, and the 
results related to the incidence of soilborne disease.  

SUMMARY 

 A solid approach was used to prioritise RD&E needs
for soilborne diseases in vegetables

 Many management practices have already been
established thought research; multifaceted
extension and training is now being delivered

 R&D needs have been identified and work has
commenced on several priority aspects; still, further
research is required in areas of risk management and
soil health management approaches, including
biological / biocide control options.
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INTRODUCTION 
Root health is central to onion production through 
extraction of moisture and nutrients from soil for plant 
and bulb growth. Root disease can reduce root function 
resulting in yield loss, poor bulb quality or require 
increased inputs to achieve an acceptable bulb 
production. Root diseases are widespread in South 
Australian onion soils (1, 2, and 3). While conditions may 
not always cause specific identifiable symptoms, they 
may act to reduce bulb size, lead to inconsistency in bulb 
size or reduce the plant’s ability to tolerate stress and 
heighten damage from other pests. In this paper, we 
present results on associations between DNA pathogen 
levels in the soil measured prior to planting and the 
productivity of onion crops grown in the Murray Mallee 
region of South Australia. 

MATERIALS AND METHODS 
Paddocks monitored: Trials were conducted in 
collaboration with six growers, investigating productivity 
over two seasons in 43 onion paddocks located in the 
Murray Mallee region of South Australia.  Crops were 
irrigated by centre pivot, with exception of four sprinkler 
irrigated paddocks.  Predominantly brown type onions 
were assessed with approximately ¼ samples red type 
and a limited number of white type onions. 
Pre-plant soil DNA testing: In each paddock 4 to 6 soil 
samples were collected along transects prior to or early 
in the ground preparation cycle for planting onions.  
Individual soil samples comprised 40-45 cores taken with 
a 10cm depth by 1cm diameter probe. Pathogen 
inoculum level (Rhizoctonia solani AG8, R. solani AG2.1, 
R. solani AG4, Pratylenchus neglectus, Setophoma 
terristris),were quantified in each soil sample using real
time qPCR (4).
In-crop assessments: Crops were assessed at the three
to seven leaf stage for the incidence of stunting and
reduced growth across the paddock. Plant samples were
collected for visual examination of roots under a
microscope with follow up laboratory diagnosis and/or
DNA testing on selected samples.
Productivity assessment: Data were collected on bulb
yield, average bulb size and root health as close as
possible to commercial harvest of each onion crop.
Analyses: Relationships between pre-planting soil
inoculum with growth and yield parameters were
assessed at a paddock and soil sampling transect level
and by onion type (brown, red, white).

RESULTS AND DISCUSSION 
Bulb size and total yield are significant drivers of 
profitability in onion production. Paddock average bulb 
yield of brown onions varied from 1.05 to 2.00 kg/m 
row, with average bulb size ranging from 96 to 195 g in 
the paddocks assessed.  Findings in this project 
associated variation in onion growth and productivity in 
the Murray Mallee region of South Australia with the soil 
borne pathogens P. neglectus, R. solani AG8 and S. 

terrestris.  Many other factors influence productivity in 
commercial onion production, including irrigation and 
nutrition management, salinity and weather conditions.  
Other soilborne pathogens such as Fusarium oxysporum 
f.sp. cepae and Paratrichodorus minor are also known to 
reduce onion productivity in the surveyed region (2,4).

Pathogen DNA detection: R. solani AG8 was detected in 
78% of pre-plant soil samples with levels ranging from 
below detection to 541 pg DNA/g soil.  P. neglectus was 
detected in 79% of pre-plant soil samples with 
populations ranging from below detection up to 17 
nematodes per g soil.  S. terrestris was detected in 100% 
of pre-plant soil samples, including at relatively low 
levels in paddocks that were not known to have 
previously grown onions. 

Pathogens associated with stunting and reduced 
growth: R. solani AG8 has been identified as the primary 
cause of onion stunt (1).  In over 75% of samples, testing 
supported the involvement of R. solani AG8 in the 
stunting observed.  Overall the DNA concentration of R. 
solani AG8 was more than 100 times higher in roots from 
stunted plants than in roots from plants of normal 
height. Evaluation of the pre-plant DNA soil pathogen 
tests at 43 paddocks located in the Murray Mallee region 
of South Australia demonstrated that pre-plant DNA 
levels in the soil of R. solani AG8 provide a useful 
indication of the risk of patches of stunted growth 
occurring in an onion paddock. Prediction of disease risk 
was improved by including the pre-plant numbers of 
Pratylenchus neglectus.  High populations of P. neglectus 
can reduce the growth of onions to less than 60% of 
normal in the absence of the involvement of R. solani 
AG8. Areas of reduced growth are more frequently 
encountered and usually larger in area than stunted 
patches (defined as less than 60% of normal height). 
Evaluation of the pre-plant DNA soil pathogen tests from 
the 43 paddocks demonstrated that pre-plant DNA levels 
in the soil of P. neglectus provide a useful indication of 
the risk of patches of reduced growth occurring in an 
onion paddock. 

Figure 1. Relationship of pre-plant soil inoculum levels of 
Rhizoctonia solani AG8 and Pratylenchus neglectus with the 
area of stunting that occurred in onion paddocks.  Paddocks 
sampled when fallow or slightly cultivated. 

In nine samples from stunted plants R. solani AG4 was 
detected in the roots.  However, in all nine cases R. 
solani AG8 was also detected. R. solani AG4 was not 

75

mailto:michael.rettke@sa.gov.au


Rettke et al. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

detected on the roots of any healthy plants, suggesting it 
may be associated with stunting of onions in some 
paddocks. 

Pathogens impacting onion productivity: Onion stunt 
causes a severe reduction in growth that is most obvious 
between the 3 to 7 leaf stages.  When caused by R. 
solani AG8, this stunting usually remains obvious at 
harvest.  Reduction in bulb size and yield as a result of 
onion stunt varies from site to site and patch to patch 
within a site.  Reductions range from not noticeable, 
when compared with yield variation in the rest of the 
onion crop, through to the complete failure to form 
marketable bulbs within the stunted patch.  On average, 
yields in stunted patches were 28% lower in season 1 
and 41% lower in season 2 when compared with the rest 
of the paddock.  The maximum area of stunted onions in 
an individual paddock was less than 4%, meaning the 
overall reduction in yield for a paddock from these 
patches alone was relatively low. Larger areas of stunted 
onions have been reported (1).  In this work, of the 
pathogen DNA tests conducted, the population of P. 
neglectus had the highest correlation with average bulb 
weight and bulb yield of brown onions.  This data 
indicates that P. neglectus is widely distributed in the 
Murray Mallee onion producing region and nematode 
populations above 1 nematode per g (log DNA = 0.3) 
may be reducing bulb size and bulb yield of onions 
(Figure 2). Only results from paddocks that were 
sampled prior to or early in ground preparation are 
included in the analysis.  Sampling close to planting after 
extensive ground preparation had occurred did not 
provide as reliable an indication of the risk of damage 
from P. neglectus to the crop. 

Figure 2. Relationship of pre-plant soil inoculum levels of 
Pratylenchus neglectus sampled when fallow or slightly 
cultivated with yield of brown onions in 27 paddocks. 

Analysis of yield data indicated pink root caused by 
Setophoma terrestris was associated with substantially 
lower yields in red onions in the onion producing regions 
of the Murray Mallee.  Though there was a correlation 
between incidence of pink root assessed at harvest and 
bulb yield of red onions across the combined data set for 
the two seasons, relationships were stronger when the 
seasons were observed separately.  Yields of red onions 
were higher on average in season 2 than season 1.  Pink 

root had a substantial impact on root health, especially 
late in the growing season.  In paddocks where pink root 
incidence and severity were high at harvest and yield 
was most impacted, pink root incidence was already high 
at the 3-7 leaf stage when in-crop stunting assessments 
were made. While pink root would be contributing to 
loss of yield, its time of onset, incidence and severity are 
driven by other environmental (e.g temperature) and 
management factors (e.g. irrigation, variety), along with 
interactions with other pathogens. In some cases, the 
incidence of pink root may be a symptom of poor root 
health or unfavorable growing conditions.  Crop 
management, especially irrigation and nutrition can 
contribute to impaired root health and onset of disease.  
Data indicates pre-plant pathogen inoculum levels of S. 
terrestris may be useful to understanding disease risk 
posed by pink root, however preliminary analysis 
suggests environmental factors and interactions with 
other pathogens are as important.  S. terrestris was 
detected by pre-plant soil DNA testing in all the 
paddocks assessed. 

SUMMARY 

 Pre-plant DNA soil pathogen tests at 43 paddocks
located in the Murray Mallee region of South
Australia demonstrated that pre-plant DNA levels in
the soil of R. solani AG8 provide a useful indication of
the risk of patches of stunted growth occurring in an
onion paddock.

 The root lesion nematode P. neglectus is widely
distributed in the Murray Mallee onion producing
region and nematode populations of 1 nematode per
g may be reducing bulb size and bulb yield of brown
type onions.

 Analysis of yield data indicated pink root was
associated with substantially lower yields in red
onions in the onion producing regions of the Murray
Mallee.

ACKNOWLEDGEMENTS 
Financial support for this work was provided by 
Horticulture Innovation Australia Limited (Hort 
Innovation) using the research and development onion 
industry levy and contributions from the Australian 
Government. 

REFERENCES 
1. Wicks T, Walker G, Pederick S and Anstis S (2011)

Onion stunting in South Australia associated with
Rhizoctonia solani AG8. Australasian Plant Pathology
40: 126-132.

2. Smith Y (2009) Investigation of Fusarium oxysporum 
f.sp. cepae and Phoma terrestris on onion (Allium
cepa) in the Mid Murray region of South Australia.
MagSc thesis, University of Adelaide.

3. Pederick S (2009) Investigating the cause of and
strategies to manage ‘Mallee Onion Stunt’ BagSc
thesis, University of Adelaide.

4. Ophel-Keller K et al. (2008) Development of a routine
DNA-based testing service for soilborne diseases in
Australia, Australasian Plant Pathology 37:243-253.

5. Stirling GR (1976) Paratrichodorus minor associated 
with a new disease of onions in South Australia. The
Plant Disease Reporter 60:74–75. 

76



Lê et al. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

Coffee parasitic nematodes in Australia and the potential of organic amendments in the 
management of Pratylenchus coffeae  

Lê
1
, D.K., Stirling

2
, G.R., Guest

1
, D., and Safianowicz

1
 K.

1
 Sydney Institute of Agriculture, The University of Sydney Level 4, Biomedical Building, Australian Technology Park, 

Eveleigh, NSW 2015 
2
 Biological Crop Protection, 3601 Moggill Road, Moggill, QLD 4070 

Email: khoa.le@sydney.edu.au 

INTRODUCTION 
In many regions of the world, coffee faces serious 
problems from plant-parasitic nematodes [1]. Root-lesion 
nematode (RLN, Pratylenchus spp.) and root-knot 
nematode (RKN, Meloidogyne spp.) are widely distributed 
and are the most damaging nematodes [1, 2]. RKN causes 
heavy losses in Brazil [3] while RLN is an important pest of 
coffee in Vietnam and Indonesia [4]. Almost 1000 hectares 
of Robusta coffee were completely destroyed by RLN in the 
Central Highlands of Vietnam and yield losses from the 
nematode ranged from 27 to 78% in Indonesia [4]. As 
coffee-parasitic nematodes have never been studied in 
Australia, this work aimed to (i) determine whether 
potentially damaging nematode species are present in 
Australia; (ii) check the pathogenicity of various nematode 
species on Arabica coffee; and (iii) determine whether 
organic amendments can be used to improve coffee 
growth and reduce the damage caused by nematodes. 
Preliminary results are presented here. 

MATERIALS AND METHODS 
Survey on coffee-parasitic nematodes in Australia:  
25 fields in 12 coffee plantations in Queensland and New 
South Wales were sampled in May 2017 and January 2018. 
A 25 mm sampling tube was used to collect about 15 cores 
of soil to a depth of 15 cm. Coffee roots were also collected 
from the upper of 5 – 10 cm of the profile. Nematodes 
were extracted from 200 mL sub-samples of soil and 10 g 
sub-samples of roots using the method described by 
Whitehead and Hemming [5]. Nematodes were identified 
to genus using a compound microscope and Next 
Generation Sequencing (NGS) is being used to identify 
them to species level.  
Pathogenicity of Radopholus similis: Although R. similis 
has not been found on coffee in Australia, it is present in 
areas where coffee is grown and has been reported to 
cause damage in Indonesia [4]. K7 Arabica coffee seedlings 
were planted in pots containing 1.4 kg sterile sand and 
when they were in full development with two pairs of 
leaves they were inoculated with 1,400 adults and 
juveniles of R. similis. Non-inoculated seedlings served as a 
control. The pots were placed in a tropical glasshouse and 
fertilized weekly with a soluble fertilizer (Aquasol, Hortico 
Pty Ltd). After 4 and 8 weeks, parameters such as shoot 
height, shoot weight, fresh root weight and final nematode 
densities (Pf) in roots and sand were assessed.  
Trial of organic amendments (OA): Sugarcane trash (SUT), 
lucerne hay (LUH), cow manure (COM) and chicken manure 
(CHM) were added at a rate equivalent to 20 t/ha (i.e. 10 g 
OA/ kg soil) into 13 L pots containing 18 kg sand and 2 kg 
soil obtained from grass pasture and natural vegetation. A 
non-amended control was also included. The trial was a 
completely randomized design, and was carried out in a 
tropical glasshouse, with each treatment replicated five 
times. Before and 8, 16, 32 weeks after the OA were 
incorporated, soil was collected to assess a range of 
parameters including CO2 respiration, labile N, pHw, C/N 

ratio, population density of nematode-trapping fungi [6], 
and the community of nematodes [5]. Suppressiveness to 
Pratylenchus coffeae was assessed by placing 50 g soil in a 
vial and adding 1,000 P. coffeae. The vials were incubated 
at room temperature (approx. 25°C) and 10 days later, the 
suppressiveness indexes (SI) to P. coffeae were recorded. 
Statistical analyses: Statistical analyses were conducted 
using the IBM SPSS Statistics 22. Nematode counts were 
transformed log10(x+1) before analysis.     

RESULTS AND DISCUSSION 
Survey for plant-parasitic nematodes (PPN):  
PPN were detected in 18 of 25 root samples and 24 of 25 
soil samples. Results (Table 1) show that six genera were 
detected; Pratylenchus, Meloidogyne, Rotylenchulus, 
Helicotylenchus, Paratylenchus and Xiphinema. 
Pratylenchus and Rotylenchulus were detected in 67% and 
11% of the samples collected from north QLD respectively, 
whereas they were not found in any sample collected from 
northern NSW. Population densities of all nematodes were 
relatively low, with the highest density being 1020 
reniform nematodes per 200ml at one site in north QLD. 
About 56% of the root samples from north QLD had both 
RKN and RLN whereas only RKN (25% of samples) was 
found in roots from NSW.  

Table 1. Frequency of occurrence (FO%) and mean population 
density (MPD) of the plant-parasitic nematodes recovered from 
soil samples (200 mL) collected from 9 fields in QLD and 16 fields 
in NSW. 

Genera 
New South Wales Queensland 
FO% MPD FO% MPD 

Lesion - - 67 8 

Root-knot 50 234 - - 

Reniform - - 11 1020 

Spiral 100 14 11 5 

Pin 6 8 44 11 

Dagger 25 19 22 9 

Many species in the above genera have been 
reported from coffee producing nations around the world 
including Brazil [7], Vietnam [8], Indonesia [4], Colombia 
[9], and India [10]. The nematodes found in this survey are 
still to be identified to species level using DNA methods but 
the root-lesion nematode is possibly P. brachyurus. 

Pathogenicity of R. similis: Four weeks after inoculation, 
burrowing nematodes had discoloured the coffee roots 
and caused leaf yellowing above-ground. Clear signs of 
disease on inoculated coffee plants were observed at both 
4 and 8 weeks, as root weight and shoot height were 
always significantly higher in non-inoculated plants than in 
plants inoculated with R. similis. Nematodes were 
extracted both from roots and soil, and the final 
population of R. similis was recorded. While the R. similis 
population increased in 4 weeks of inoculation to 1,603 
nematodes, it was a decrease in 8 weeks with 1,062 
nematodes.  
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These results confirm that R. similis can multiply and 
cause damage to K7 Arabica coffee plants. Thus, it may be 
necessary to consider control measures if Arabica coffee is 
grown in land that has previously grown banana and may 
be infested R. similis. 

Table 2. Effects of R. similis (obtained from banana) on Arabica 
coffee 4 and 8 weeks after inoculation with 1,400 nematodes/pot. 

4 weeks 8 weeks 
Root 

weight 
(g) 

Shoot 
height 
(cm) 

R. 
similis 

Root 
weight 

(g) 

Shoot 
height 
(cm) 

R. 
similis 

Control 3.9* 13.60 - 4.7* 16.70* - 

R. similis 1.75 11.60 1603 2.31 11.80 1062 

* Indicates significant differences between inoculation and non-
inoculation with R. similis (P < .05)

The effects of organic amendments:  
Incorporation of organic amendments to soil had major 
effects on the CO2 respiration rate, soil microorganisms 
(i.e. FLN and nematode-trapping fungi), and suppression of 
root-lesion nematode. The results in Table 3 show that all 
organic materials increased microbial activity compared 
with the non-amended treatment after 8 and 16 weeks. 
Total numbers of FLN (i.e. the sum of bacterivores, 
fungivores, omnivores, and predators) reached the highest 
density (around 4,000 nematodes/200mL soil) in the LUH 
treatment and this treatment also recorded the highest 
CO2 respiration rate at 8 and 16 weeks (71 and 70 ppm, 
respectively). 

Table 3. OAs’ effects on CO2 respiration, free-living nematode 
population and multiplication factor of P. coffeae. 

Treatments 
CO2 rate (ppm) Log10(total FLN + 1) SI to P. coffeae 

8  
weeks 

16 
weeks  

8 
weeks 

16 
weeks 

8 
weeks 

16 
weeks 

Control 31 37 2.35 2.35 1.00 1.00 

COM 58 43 2.59 2.75 0.80 0.80 

CHM 56 62 2.78 2.84 0.85 0.80 

LUH 71 70 3.21 2.89 0.66 0.65 

SUT 69 60 2.99 2.83 0.73 0.78 

LSD (P=0.05) 13.31 13.51 0.19 0.25 0.17 0.13 

Suppressiveness index (SI) = numbers of nematodes in the 
amended soil /numbers of nematodes in the non-amended 
control. 

While P. coffeae was stable in control tubes 
(sterilized sand), it decreased in tubes of the OAs amended 
treatments. In this study, LUH was the best material to 
suppress P. coffeae as about one-third fewer nematodes 
were recovered from this treatment than the non-
amended control. 

Figure 1. Population densities of nematode-trapping fungi 
(possibly Arthrobotry dactyloide and Arhrobotry oligospora) after 8 
and 16 weeks of OA incorporation. Values are means plus the 
standard error of five replications 

Two species of nematode-trapping fungi were 
found in this trial and they had different trapping 
structures (constricting rings and adhesive networks). Their 
population densities markedly increased after the OA were 
added to soil (see Fig.1.), and their presence in soil may 
have enhanced the suppression to P. coffeae. At this stage 
the fungi have been tentatively identified to species level 
but this identification is to be confirmed with DNA 
analyses. 

SUMMARY 

 Six plant-parasitic nematodes were found in soil and
root samples from Australian coffee. Root lesion, root-
knot and reniform nematodes are likely to be the most
damaging nematodes but their pathogenicity is still to
be confirmed.

 R. similis was pathogenic to coffee plants when
inoculated at a density of 1 nematode per gram soil.

 Amending soil with lucerne hay improved soil biological
health and enhanced suppressiveness to P. coffeae for
16 weeks.
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INTRODUCTION 
Over the last decade, governments and plant industries 
in Australia have been responding to the detection of 
several significant plant pests and diseases (collectively 
referred to as pests).  In 2017 alone, Australia recorded 
30 new detections of pests and, while not all were 
economically significant, this figure demonstrates the 
continual pressure of new pest threats.  Over the past 
several years, significant incursions that have had 
impacts on communities, production, domestic trade 
and the environment include myrtle rust, red imported 
fire ant, tomato potato psyllid, Russian wheat aphid, 
banana freckle, Panama disease TR4, chestnut blight, 
giant pine scale, Khapra beetle, Varroa mite, Asian honey 
bee, brown marmorated stink bug and citrus canker.   

Biosecurity incursions can be one of the greatest 
business issues for agricultural, horticultural or forestry 
production, resulting in increased costs in management, 
reduced production, an impact on domestic or 
international market access or increased complexity of 
management systems.  While governments have a major 
role in identifying and managing the risks posed by new 
plant pest introductions, plant industry representative 
bodies, growers, farming group advocates and industry 
personnel are a significant part of the partnership 
approach within Australia’s biosecurity system.  
Researchers in state government agencies and research 
institutions are a critical part of this system, as they are 
often the first to identify new pests through targeted 
surveillance or through general surveillance resulting 
from activities in research and extension.   

To support and improve preparedness for new pest or 
disease incursions, a number of initiatives are being 
undertaken at a national level. 

BIOSECURITY PLANNING 
Biosecurity Plans have been developed for 38 plant 
industries in Australia. Development and regular review 
of each industry’s biosecurity plan is a requirement 
under the Emergency Pest Response Deed (EPPRD), a 
legal document that outlines arrangements and 
responsibilities for the responses (and preparedness) for 
exotic pests.  These plans undertake a review of exotic 
pests that may affect the industry and compile a list High 
Priority Pests (HPPs) that are considered to have the 
highest potential impact.  To date, Biosecurity Plans have 
identified over 370 HPPs. 

In addition to HPPs, a National Priority Plant Pest (NPPP) 
list has been developed by the Department of Water 
Resources in consultation with state governments.  The 
list can be found at www.agriculture.gov.au/pests-
diseases-weeds/plant. Within this list, Texas root rot and 
cyst nematodes are soil-borne although spores of others 
such as Fusarium wilt and black sigotoka can survive in of 

soil, providing an opportunity to become established 
spread if they were to enter Australia.  
While no list is perfect, preparation of these lists assists 
focus resources for specific pests as well as the 
development of broader planning, surveillance and 
diagnostic capacity to build our national capability. 

SURVEILLANCE PLANNING AND PREPAREDNESS 
National Surveillance Strategies: Biosecurity 
surveillance for plant pests in Australia is guided by the 
overarching National Plant Biosecurity Surveillance 
Strategy (2013 – 2020).  More recently, development of 
specific industry surveillance strategies have been 
developed for the Citrus and Forestry industries (see 
www.planthealthaustralia.com.au/biosecurity/surveillan
ce). These strategies are providing a framework for 
investment to coordinate and support development of 
systems, tools, protocols and data capture for 
surveillance. Additional industry strategies are expected 
to be developed over the next two years. 

The Pest Surveillance Network Asia Pacific (PSNAP): 
PSNAP is a newly created network to assist provide 
resources for surveillance practitioners.  A dedicated 
website has been developed to support PSNAP which 
will include resources (surveillance field guides, 
identification guides, protocols etc), training events and 
opportunities, latest research and networking 
connections.   

National Plant Biosecurity Surveillance Protocols: 
Development of national surveillance protocols, 
documents and tools is an important step in ensuring 
that surveillance methodologies and data capture that 
supports determination of pest status, early detection or 
delimiting surveillance are consistent across multiple 
stakeholders.  The Sub-Committee on National Plant 
Health Surveillance has developed a template for 
National Surveillance Protocols and Survey design that 
will be made available across PSNAP. 

Surveillance Programs: Several programs are in place 
that provide surveillance for specific industries.  These 
include the National Citrus Biosecurity Program, National 
Forestry Biosecurity Program, CropSafe, the Grains Farm 
Biosecurity Program and the National Bee Pest 
Surveillance Program.  The Australian Government also 
funds the National Plant Health Surveillance Program 
and the Northern Australian Quarantine Strategy.  Many 
of these programs rely on visual detection of pest 
symptoms, making soil-borne diseases a potential gap 
for consideration. 

Data Capture: Significant levels of surveillance and crop 
monitoring occur in plant production and research trials 
around Australia.  These activities can play an important 
role to support early detection of new pests or provide 
evidence of absence of exotic pests, however, we face 
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continual challenges in recording and collating activities 
in an effective and efficient way. Several apps have been 
developed that may assist record surveillance data, and 
work is being undertaken across industry and 
government programs to better coordinate national 
capture and aggregation of data using the web-based 
system called AusPestCheck. 

DIAGNOSTICS PLANNING AND PREPAREDNESS 
National Plant Biosecurity Diagnostic Strategy (NPBDS): 
The NPBDS provides a framework for the development 
of a plant biosecurity diagnostic system that has guided 
the implementation of many activities that build capacity 
and capability.  
National Plant Biosecurity Diagnostic Network 
(NPBDN): NPBDN was founded in 2011 and is the 
nationally integrated network for plant diagnosticians in 
Australia.  NPBDN is supported by a website that 
provides network members with templates and tools for 
National Diagnostic Protocols (NDPs) as well as training 
opportunities for professional development.  The 
network also drives Annual Diagnostic Workshops which 
further build national capacity and capability. 

NDPs: Development of NDPs are an important tool to 
support response to new pest incursions. NDPs give a 
framework to accurately diagnose specific plant pests, 
by providing information on taxonomy, symptoms, 
identification/detection, preparation of material for 
assessment and methods for diagnosis.  Development of 
NDPs is accompanied by an endorsement and review 
process to provide a nationally consistent approach and 
ensure Australia meets international plant protection 
obligations.  To date, through the Sub-Committee on 
Plant Health Diagnostics, over 39 NDPs have been 
developed and over 85 drafts are under development. 

SUMMARY 

 Australia faces a constant threat of new pests due to
the number of pathways and the wide range of
environments and plant species that can provide the
potential for establishment.

 At a national level, the research community has a
significant role in supporting our plant biosecurity
system.

 Building capacity and capability through planning
and preparedness activities that support diagnostics
and surveillance are important in ensuring we can 
respond to new pest threats.
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INTRODUCTION 
A strong biosecurity system protects Australia’s plant 
production industries, the environment and our way of 
life. Research, development and extension (RD&E) is a 
vital part of an effective plant biosecurity system.  

Australia’s crop producers need answers to questions 
about pests and diseases in the Australian context to 
inform best practice production. Equally environmental 
RD&E is needed to estimate impacts of new pests or to 
develop management strategies. Environmental 
management strategies are often more complex to 
implement. 

Plant biosecurity RD&E is carried out by many different 
organisations across Australia: 

 universities

 museums

 plant industries

 government agencies

 CSIRO

 botanic gardens

 private companies.

A national strategy: 
In 2013 the National Plant Biosecurity RD&E Strategy 
was developed to coordinate RD&E across organisations. 
The strategy is currently being reviewed and plant and 
animal industries, governments and research funding 
bodies will be consulted throughout the process.  

The strategy is one of 22 strategies developed 
under the National Primary Industries RD&E Framework. 
These strategies aim to better coordinate RD&E carried 
out in Australia.   

The Implementation Committee: 
Supported by Plant Health Australia (PHA), the 
coordinators of the plant biosecurity partnership in 
Australia, the Implementation Committee includes 
representatives from: 

 the Australian Government

 research and policy arms of state governments

 Plant Health Committee

 Research and Development Corporations

 CSIRO

 Plant Biosecurity CRC

 Plant Health Australia.

The Implementation Committee is chaired by Mr 
Greg Fraser, Executive Director and CEO, PHA. 

ACTIVITIES SO FAR: AUDITS AND WORKSHOPS 
AUDITS 

Audit 1: Fruit fly inventory of capacity and capability 
gaps 
The audit of Australia’s fruit fly infrastructure, capacity 
and capability was carried out in partnership with the 
National Fruit Fly Council to identify resourcing and 
preparedness needs and gaps for exotic and established 
fruit fly pests. The audit revealed that although across 
Australia’s fruit fly research capacity and capability is 
currently sufficient, a lack of succession planning will 
leave a gap in future capacity in this area. 

Post-harvest treatment RD&E for Mediterranean 
fruit fly was also considered to be at risk. 

Audit 2: Gaps in preparedness for exotic pests and 
diseases 
A cross sectoral report examining preparedness for high 
priority pests and diseases of Australia’s plant industries 
found there is a lack of RD&E being carried out on exotic 
pests and diseases. Gaps in preparedness and 
surveillance for exotic pests and diseases were identified 
as well as a lack of information on biosecurity RD&E.  

Audit 3: Grape biosecurity capacity and capability gaps 
The dried, table and wine grape industries are 
represented by four separate peak industry bodies and 
two different RDCs, despite sharing many biosecurity 
issues. An audit of preparedness needs and gaps for 
exotic and established pests and diseases was carried 
out to ascertain if there were any gaps or opportunities 
in biosecurity RD&E between the three sectors.   

WORKSHOPS 
Since establishment in 2014, the Implementation 
Committee has held three workshops to bring all 
stakeholders together to determine focus areas for plant 
biosecurity RD&E and to discuss how to better utilise 
limited resources.  

Workshop 1: Gaps and cross-sectoral opportunities 
Participants identified RD&E gaps – particularly in 
preparedness for exotic incursions – opportunities to 
benefit from research in other sectors and considered 
how best to prioritise RD&E in plant biosecurity. This 
workshop also provided an opportunity for researchers, 
industry and government members to come together to 
discuss common interest issues. This is the first time this 
type of workshop has been held in the plant biosecurity 
area. 

Workshop 2: Diagnostics and policy 
Focused on the policy implications of novel diagnostic 
plant pest and disease technologies, the workshop 
released 15 recommendations covering training, policy 
development, communications and research to enhance 
plant pest and disease diagnostics. 
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Workshop 3: Whitefly and whitefly transmitted virus 
preparedness  
Twelve recommendations were agreed to boost 
preparedness in:  

 diagnostics

 regional level management

 import conditions

 novel whitefly and virus control methods

 whitefly and whitefly transmitted virus biology and
diversity.

One of the outcome of this workshop was two of the 
RDCs in attendance have now advanced one of the 
concepts highlighted in the workshop. This provides a 
demonstration of the value of these cross sectoral 
workshops.  

Workshop 4: Pasture pests, diseases and weeds 
In June 2018 agricultural industries and researchers 
considered how to work together on emerging, exotic 
and established pests, diseases and weeds, and ways to 
better engage with animal industries.  

UPCOMING WORKSHOPS 
Fusarium  
Given the huge host range of this pathogen, participants 
will consider cross sectoral opportunities relating to 
Fusarium species.  

SUMMARY 

 Research, development and extension (RD&E) is a
vital part of an effective plant biosecurity system.

 In 2013 the National Plant Biosecurity RD&E Strategy
was developed to coordinate RD&E across
organisations. The strategy is currently being
reviewed and wide consultation will take place to
ensure all stakeholders are engaged in the process.

 More information about the National Plant
Biosecurity RD&E Strategy and the activities carried
out by the implementation committee can be found
at biosecurityportal.org.au/rde/.
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INTRODUCTION 
Microbial communities play a pivotal role in the 
functioning of superior organisms by influencing their 
physiology and development (1). While many members 
of the rhizosphere microbiome are beneficial to plant 
growth, also plant pathogenic microorganisms colonize 
the rhizosphere striving to break through the protective 
microbial shield and to overcome the innate plant 
defense mechanisms in order to cause disease (2). To 
infect root tissue, pathogens have to compete with 
members of the rhizosphere microbiome for available 
nutrients and microsites. In disease-suppressive soils, 
pathogens are strongly restricted in growth by the 
activities of specific rhizosphere microorganisms (3). 

Using metagenomics and metatranscriptomics 
studies we postulate that the invading pathogen 
induces, directly or via the plant, stress responses in the 
rhizobacterial community that lead to shifts in 
microbiome composition and to activation of 
antagonistic traits that restrict pathogen infection. 
Therefore, upon attack by a fungal root pathogen, plants 
can exploit microbial consortia from soil for protection 
against infections (4). In this context, we hypothesized 
that breeding towards resistance against soilborne 
pathogens influences the assembly of microbial 
communities and the abundance of specific functional 
traits associated with protection provided by the 
rhizosphere microbiome (5). 

Here, we will discuss recent discoveries on 
rhizosphere interactions and soilborne pathogens aiming 
to elucidate the role of the rhizosphere microbiome in 
reducing disease impacts. 

MATERIALS AND METHODS 
Fungal invasion of the rhizosphere microbiome: The 
suppressive soil and pathosystem discussed here were 
previously described in Mendes et al. (2011). The soil 
shown to be suppressive to Rhizoctonia solani while 
infecting seedlings of sugar beet. To understand the 
mechanisms underlying the disease suppression, we 
used the suppressive soil to grow sugar beet and 
inoculated the pathogen R. solani (4). Total rhizosphere 
DNA was obtained and used for metagenomic and 
metatranscriptomics analyses to identify microbial taxa 
and functions related with disease suppression. 

Rhizosphere microbiome assembly in a plant genotype 
resistant to soilborne pathogen: The methodological 
approach used is described in detail in Mendes et al. 
(2018), where four cultivars of common bean were 
selected with basis on their level of resistance against 
Fusarium oxysporum, including a resistant and a 
susceptible genotype and two moderately resistant 
genotypes (5). The rhizosphere microbiome was 
assessed in these four genotypes by 16S rRNA and 
shotgun sequencing and the data was used to 

understand the rhizosphere microbiome assembly in 
genotypes with different levels of disease resistance. 

RESULTS AND DISCUSSION 
Changes in rhizosphere microbiome during fungal 
invasion: In the experiment where we evaluated the 
fungal invasion of the rhizosphere microbiome, we 
propose a model (Figure 1) in which the pathogenic 
fungus produces oxalic and phenylacetic acid during 
hyphal growth toward the plant root. These compounds 
feed and activate specific rhizobacterial families present 
in the suppressive rhizosphere microbiome, and, directly 
or indirectly, exert oxidative stress in specific 
rhizobacterial families and in the plant. This stress in 
turn triggers a response in these bacterial families via 
the ppGpp signaling pathway, leading to the activation 
of survival strategies such as motility, biofilm formation 
and the production of secondary metabolites. 

Figure 1. Sequence of events taking place in the rhizosphere of 
plants grown in a disease suppressive soil during fungal 
pathogen invasion. A) Root exudates structure and modulate 
the rhizosphere bacterial community and trigger fungal 
pathogen germination and hyphal growth, B) Rhizoctonia solani 
grows toward the root system to infect the plant and exerts 
oxidative and acidic stress, C) plant responds to oxalic acid, D) 
rhizosphere bacterial community responds to root exudates and 
fungal invasion by enriching and activating specific bacterial 
families (e.g. Oxalobacteraceae and Burkholderiaceae) and 
activating functions related to general bacterial stress response 
(e.g. HtrA/Sec, (p)ppGpp alarmone metabolism and oxidative 
stress), and E) Plant roots are shielded from fungal infection. 
(adapted from 4). 
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Figure 2. Network co-occurrence analysis of microbial communities of rhizosphere and soil samples. Each node represents taxa affiliated at 
genus level (based on 16S rRNA), and the size of node is proportional to the number of connections. (from 5). 

Metatranscriptomics data pointed that 
Oxalobacteraceae, Burkholderiaceae, Sphingobacteria-
ceae and Sphingomonadaceae were significantly more 
abundant in the rhizosphere upon fungal invasion and 
metatranscriptomics revealed that stress-related genes 
(ppGpp metabolism and oxidative stress) were 
upregulated in these bacterial families. 

The results suggest that in suppressive soils the 
rhizosphere microbiomes acts as a first line of defense 
against root infections by soilborne pathogens. The 
invasion by a pathogen causes changes in the 
rhizosphere microbiome composition and functions 
negatively affecting fungal growth, inducing a plant 
resistance response, and/or co-activating other 
microorganisms in the rhizosphere microbiome to ward 
off the fungal invader. 

Changes in rhizosphere microbiome assembly on plant 
genotype resistant to soilborne pathogen 
The comparison of four contrasting common bean 
cultivars with different levels of resistance against F. 
oxysporum showed differences not only in composition 
and functions of the rhizosphere microbiome, but also in 
the assembly of the microbiome as revealed by network 
analysis (5).  

Interestingly, rhizobacterial abundance was 
positively correlated with F. oxysporum resistance; 
Pseudomonadaceae, Bacillaceae, Solibacteraceae and 
Cytophagaceae were more abundant in the rhizosphere 
of the F. oxysporum resistant cultivar. Metagenome 
analyses further revealed that specific functional traits 
such as protein secretion systems and biosynthesis 
genes of antifungal phenazines and rhamnolipids were 
also more abundant in the rhizobacterial community of 
the resistant cultivar. 

The common bean genotype resistant to the 
soilborne pathogen showed the highest level of 
complexity and modular structure as revealed by 
network analysis, when compared with the susceptible 
genotype (Figure 2). This fact suggests that the 
underlying interaction network architecture may explain 
the invasion resistance observed in the genotype able to 
recruit and support a more complex rhizosphere 
microbiome. 

SUMMARY 

 Invading soilborne pathogen induces, directly or via
the plant, stress responses in the rhizobacterial
community that lead to shifts in microbiome 
composition and to activation of antagonistic traits
that restrict pathogen infection.

 Breeding for soilborne diseases may have co-
selected for other unknown plant traits that support
a higher abundance of specific beneficial bacterial
families in the rhizosphere with functional traits that
reinforce the first line of defense.
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INTRODUCTION 
The abundance and activity of soil microorganisms in 
Australian agricultural soils with low organic matter is 
generally dependent upon carbon inputs from crop and 
pasture residues (1).  The spatial distribution of 
microorganisms in soils is highly heterogeneous due to 
variation in the availability of C and nutrients and habitat 
suitability (2). While growing plants provide a constant 
source of easily available C and nutrients, crop residues 
(above-ground (stubble) and below-ground (roots)) are 
an important sources of biologically available C and 
nutrients for soil microorganisms. This leads to the 
concentration of a major component (>60%) of microbes 
in the surface soil and in microenvironments such as the 
rhizosphere and detritusphere (1).  

The availability of precision sowing technology 
and Global Positioning System (GPS) guided seeding is 
increasingly common and presents the opportunity for 
strategic placement of seed in relation to last season’s 
crop rows (3). Such precision sowing has been shown to 
provide benefits through water harvesting, increased 
nutrient levels and reduced weed seed populations. 
However, in continuous cereal cropping systems on-row 
sowing has the potential to increase the risk from 
soilborne diseases. In this paper, we present results from 
field experiments evaluating the benefits and 
disadvantages of on-row vs. inter-row sowing in a 
continuous wheat cropping system on Mallee sands at 
Karoonda and Loxton in South Australia.  

MATERIALS AND METHODS 
Field experiments and soil sampling: Surface soils (0-10 
cm), were collected from field crop experiments with an 
inter-row spacing of 28cm at Karoonda (sandy soil, 
pH(H2O) 6.5) and Loxton (sandy soil, pH(H2O) 8.4) in South 
Australia. Soil samples were collected from the previous 
year’s crop row (on-row) and in between rows (Inter-
row) locations prior to sowing in 2015 and 2016 crop 
seasons. Details of field experiments have been reported 
(4). 
Laboratory analysis: Soil samples were analysed for 
microbial biomass (MB), catabolic diversity and activity 
using chloroform fumigation-extraction and multi C-
substrate response assays (Microresp

®
), respectively.

Genetic diversity of bacterial community in the Karoonda 
soils was determined using 16S rRNA amplicon 
sequencing (Illumina-MiSeq®). Bioinformatics analysis of 
sequence data was done using online tools hosted at 
http://rdp.cme.msu.edu/index.jsp. Abundances of 
soilborne plant pathogens R. solani AG8, Ggt and 
Fusarium root rot were quantified through PredictaB 
RDTS laboratories (SARDI Molecular Diagnostics).  
Statistical analyses: A minimum of 4 replicates were 
used for all treatments. Statistical analyses of all the 
results were conducted using the Genstat 18.1 (VSN Intl. 
Ltd). Multi-variate statistical analysis of 16S sequence 
data and diversity indices were calculated using the 
Primer6 software (Primer-E Ltd, Plymouth, U.K.). 

RESULTS AND DISCUSSION 

Microbial biomass, catabolic diversity and activity:  
In general, MB levels were higher in on-row soils 

(Karoonda – 18110 vs 14015 µg C/g; Loxton – 23019 

vs 15417 µg C/g) compared to that in inter-row soils.  
Results in Figure 1 show that microbial catabolic 
diversity was significantly (P<0.05) higher in the on-row 
soil samples. These differences reflect the variation in 
the quantity of C inputs available for microbial use from 
crop residues compared to that in the inter-row soils.  At 
Karoonda, on-row soils had higher organic C 

(0.420.02%) compared to Inter-row (0.350.03%) soils. 
On-row soils also had significantly higher particulate and 
dissolved organic C compared to inter-row sols. Similar 
trends were observed in soils from experiments at 
Loxton, SA and in both years.  

Figure 1. Catabolic diversity estimated using carbon substrate 
utilization data from Microresp® analysis of surface soils 
collected prior to sowing in May 2016 from field experiments. 

Results in Figure 2 indicate that diversity of soil 
bacteria (e.g. species richness and evenness) was 
significantly higher in the soils from the previous crop’s 
row compared to inter-row soils. Members belonging to 
bacterial groups such as Proteobacteria and 
Bacteroidetes were higher in the on-row soils, whereas 
actinobacteria were significantly higher in the inter-row 
soils (Figure 2). Previous research indicated that higher 
populations of copiotrophic bacteria (i.e. fast growing) 
belonging to the Phyla Proteobacteria were found in C-
rich microsites compared to the bulk soils (1). Microbial 
populations in soils are generally concentrated at 
microsites rich in biologically available C and nutrients 
that provide suitable physico-chemical environments, 
e.g. rhizosphere and detritusphere (decomposing
residues). However, the bacterial diversity has been
shown to be lower in the rhizosphere compared to that
in the bulk soil (1) due to the selective enrichment of
specific members of the microbial community.

Pathogen inoculum levels and Disease incidence: 
R. solani AG8 inoculum levels and resulting disease risk
were generally higher for the on-row soils compared to
inter-row soils at both sites (Table 1) and the trends
were similar in 2016. On-row soils also showed higher
Ggt and Fusarium pathogen levels. As diseased roots 
from a crop are a major source of pathogen inoculum,
coupled with decomposing stubble they provide a key
inoculum source for soilborne pathogens such as R.
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solani, Ggt and Fusarium and common root rots (1). 
Similar trends were also observed for stubble borne 
pathogens such as Fusarium crown rot. 

Figure 2. Bacterial diversity and community composition in the 
surface 10 cm soils at the time of sowing during 2015 and 2016 
in field experiments at Karoonda and Loxton in South Australia. 

Results in Figure 3 show that rhizoctonia root 
rot disease severity was higher in inter-row sown plants. 
Previous research has shown that the severity of 
Rhizoctonia disease incidence is due to a combination of 
inoculum level, microbial activity, N levels at seeding, 
soil temperature and moisture during seedling growth 
(5). Surface soils from the inter-row generally had lower 
microbial activity, MB, microbial catabolic diversity 
(product of microbial biomass C and DOC:DON) and 
lower moisture all of which would have contributed to 
the higher rhizoctonia disease incidence through 
reduced microbial competition. Additionally, lower 
diversity and abundance of known plant growth-
promoting bacteria would have contributed to the 
higher disease in inter-row sown plants. 

Table 1. Rhizoctonia root rot disease risk rating based on R. 
solani AG8 DNA concentrations in surface 10 cm soil at the time 
of sowing in 2015. 

At Loxton, a delay in sowing between April and 
May meant that plants established in soils at lower 
temperatures resulting in slower root growth and 
reduced ability to grow through an infection zone. 
However, in the non-wetting sands at Karoonda, delayed 
and varied emergence at the earlier sowing date 
exacerbated disease impact, especially infection on the 
crown roots (Figure 3). These results suggest that 
observed benefits of early sowing in reducing soilborne 
disease impacts may not apply to non-wetting sands. 
Unlike the Rhizoctonia solani AG8 fungus, inocula for 
soilborne pathogens such as Fusarium crown rot and 
Take-All are more closely associated with stubble, hence 

inter-row sowing could help reduce disease severity. 
However, we did not find significant incidence of these 
diseases in on-row locations at Karoonda or Loxton. 

Figure 3. Disease incidence in 8 week old wheat seedlings, in 
the Dune experiment, as influenced by the location of sowing 
during 2015 crop season. 

SUMMARY 

 On-row surface soils rich in detritusphere harboured
significantly greater bacterial diversity and microbial
catabolic diversity and activity compared to inter-
row soils.

 On-row plants were exposed to higher levels of
soilborne pathogens with greater disease risk but
showed lower disease incidence compared to that in
inter-row plants.

 Results show precision sowing drives microbiology
trade-offs with soilborne diseases in the Mallee soils.
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INTRODUCTION 
Microorganisms have been recognised as an integral 
component of a healthy plant and more recently there 
have been a plethora of publications describing these 
endophytes in crop plants. The wheat microbiome is 
highly dynamic but the impact on endophytic and 
rhizosphere communities has rarely been studied in 
plants treated with endophytic biocontrol inoculants. 
These treatments promote plant growth and confer 
protection against fungal root diseases, hence 
knowledge of presence and function of taxa is relevant 
for an understanding of ecological balance and 
community dynamics. In this study, we present the 
microbiome dynamics of the endo- and ecto-rhizosphere 
bacteria at the initial stages of a wheat cropping system 
in the field and concurrently in the glasshouse. The 
system aimed to test whether the root microbiome is 
defined by microbial successions; there are specific 
differences between the endophytes observed in the 
field and glasshouse trials; the addition of biocontrol 
agents can be detected during the early stages of plant 
growth; and whether the biocontrol organisms or the 
pathogenic agents have major effects on the root and 
rhizosphere microbiomes. 

MATERIALS AND METHODS 
Field site and trial design: Biocontrol agents (BCA1) a 
Paenibacillus sp. P9 and (BCA2) a Streptomyces sp. S14 
were used in this study. They showed protective effects 
in planta against Pythium sp. A concentrated suspension 
of each strain (≈10

5
 cfu/seed) in 0.3% (w/v) xanthan gum

sticker solution was applied to 20 g wheat seeds. Seed 
cfu was assessed immediately after and at 1, 2 and 7 d 
after application. 
Field Trials:  Field trials were at Turretfield in South 
Australia with high levels of indigenous Pythium sp. clade 
F, using a split-plot randomised complete block design, 
with an untreated row or plot next to every microbe 
treated row or plot with 4 replicates. Field trials 
consisted of 20 m x 6 row plots, with 3 rows of microbe-
treated seeds and 3 rows with untreated seeds. 
Machine-planted plots were sampled at 4, 8 and 12 
weeks and assessed for Pythium sp. disease on seminal 
and nodal roots, tiller number and shoot length and dry 
weight. Pot trials used the same field soil from 
Turretfield. The pot experiments -5 wheat seedlings per 
pot sampled at 4, 8 and 12 weeks; 4 replicates for each 
treatment and control- were run with the field trials, 
from June to September 2016. Seminal and nodal roots 
were rated for disease index. 

DNA extraction and sequencing data: A fixed amount of 
5 seeds, 1 g of root or 2 g of rhizosphere soil per test 
were subjected to DNA extraction using a CTAB DNA 
extraction method [1]. PCR primers for the bacterial 
community targeted the V3-V4 region of the 16S rRNA 
genes with 341f and 806r primers.  The samples were 

sequenced using an Illumina MiSeq system with a MiSeq 
V3 2 x 300 bp sequencing kit. QIIME [2] and Usearch [3] 
workflows were used for read merging, chimera removal 
(uchime2), OTU picking and taxonomic assigning. 
Statistical and data analysis were performed on 
Microsoft Office Excel 2013, GenStat version 14, 
PRIMER-6 and IBM SPSS Statistics 22. Community 
diversity and distribution analyses were conducted by 
running analysis of similarities (ANOSIM), 
multidimensional scaling (MDS), cluster analysis, 
canonical analysis of principal components (CAP), 
homogeneity of dispersions (PermDISP) and similarity 
percentages (SIMPER) analysis. Geneious platform was 
used for comparison of Paenibacillus and Streptomyces 
sequences, alignment and phylogenetic trees. 

RESULTS AND DISCUSSION  
A total of 74,447 bacterial unique OTUs were found and 
organized in 821 bacterial taxa (assigned at the genus 
level) from all the 254 analysed samples. Interestingly, 
Pseudomonas sp. were found in all samples (seed, root, 
initial and rhizosphere soils).  
Table 1: Diversity Analyses of groups of samples.  

S H' 1-Lambda'

Mean±SEM Mean±SEM Mean±SEM 

Sample Seeds 151±66.4 3.79±0.59 0.96±0.03 

Roots 224.7±27.1 4.84±0.43 0.99±0.00 

Sand 15±3.0 2.31±0.10 0.9±0.05 

Soils 524.2±11.2 5.81±0.02 1.00±0.00 

Week 4 Wks 341.9±44.7 5.20±0.17 1.00±0.00 

8 Wks 349.6±48.2 5.21±0.18 1.00±0.00 

12 Wks 434.7±37.2 5.58±0.10 1.00±0.00 

Bio- 
control Control 385.9±40.9 5.35±0.15 1.00±0.00 

agent BCA1 393.7±38.2 5.44±0.12 1.00±0.00 

BCA2 318.4±49.1 5.04±0.20 0.99±0.00 

System Field soil 417.2±41.6 5.45±0.15 1.00±0.00 

& soil Ghse soil 377.5±37.5 5.38±0.14 1.00±0.00 

The next most frequently isolated bacterial genera were 
Flavobacterium, Janthinobacterium and Sphingomonas. 
The diversity indexes for the tested samples can be seen 
in Table 1, being rhizosphere soil samples considerably 
more diverse than root samples. In fact, wheat roots 
gained biodiversity over time. Some taxa were 
exclusively found in seeds, roots or rhizosphere soils. 

Figure 1 shows the diversity of bacteria found in 
the control wheat seeds development cycle up to 12 
weeks. Interestingly the fraction of unclassified bacteria 
decreased over time during the 12 week period. The 
diversity of bacterial families increased over this period, 
proving that some bacteria dominated the initial stages 
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but in later stages more bacterial taxa were capable to 
colonize the plant roots. 

It was possible to define a core group of bacteria 
present during the monitored 3 months of wheat root 
growth. The core microbiome found in wheat roots was 
dominated by the phyla Proteobacteria, Actinobacteria 
(and Ascomycota). The most relevant bacterial families 
were Caulobacteraceae, Enterobacteriaceae, 
Rhizobiaceae, Oxalobacteraceae, Sphingomonadaceae 
and Streptomycetaceae. 

The phylogenetic analysis of the population of 
Paenibacillus sp. and Streptomyces sp. through the 
entire study clearly revealed subsets of sequences that 
represented the initial inoculated strains from the seed 
coats. The genetic diversity and the number of 
sequences of Paenibacillus sp. found in all soils and 
roots were much lower than the diversity observed for 
Streptomyces spp. In both cases it was possible to 
monitor the presence of the initial strains in the wheat 

roots at 4 weeks (all samples), 8 weeks (some samples) 
and 12 weeks (occasionally). The rhizosphere soil plays 
a critical role for enrichment of plant endophytic 
microbiome during the crop cycle. As more information 
is provided by extensive analyses of microbial 
communities in wheat, it will be possible to enrich 
databases and clarify the role of each specific organism 
present in the plant roots. This study provided 
information on the key bacteria that modulate wheat 
roots at different stages of growth.  
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Figure 1. Diversity of the bacterial population at seed, and roots at 4, 8 and 12 weeks. 
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INTRODUCTION 
Most information on the effects of crop and soil 
management practices on diseases of wheat and other 
dryland field crops have been developed from short-term 
(<5 yr) experiments. Few studies have defined 
comparative effects of management treatments in long-
term (>30 yr) experiments where multiple pathogens are 
thought to have attained equilibrium within a specific 
locality and cropping system. Examination of pathogen 
populations in long-term experiments can provide 
valuable insights into agronomic practices for sustainable 
crop production and can sometimes also reveal 
relationships that contradict those reported from short-
term experiments. Five long-term cropping systems trials 
were initiated between 1931 and 1963 and continue with 
little modification at an Oregon State University field 
station near Pendleton, Oregon (1). Several of these trials 
are now 84 years old and are among the oldest agronomic 
trials in North America. We previously used SARDI’s Root 
Disease Testing Service 

(RDTS) at Adelaide to process samples from a cropping 
systems experiment at a much drier site in Oregon (2,3). 
The lab used the PREDICTA®B testing protocol (4) to 
identify and quantify most soilborne pathogens of 
importance to rainfed field crops in the US Pacific 
Northwest. The reported DNA quantities closely 
approximate the densities of living pathogens in soil. 
However, associations between DNA and risk-of-disease 
predictions, as developed in Australia (5), have not been 
evaluated for climates and soils in the USA. The 
quantitative results are therefore revealing and relevant 
to cropping systems in the USA but cannot be directly 
extrapolated into a prediction of disease risk. The previous 
use of the PREDICTA®B protocol in the USA revealed 
relationships not detected through conventional sampling 
and observations, and also revealed the presence of a 
pathogen not previously known to be present. The 
PREDICTA®B protocol was therefore used to evaluate 
pathogens in five long-term experiments near Pendleton, 
Oregon.

Table 1. Primary features of five long-term experiments at the Columbia Basin Agricultural Research Center 

Name Since Tillage
1

Management
2

Design
3

Analysis
4

Reps
5

Fertility management 1931 CT WW/Fal SSP 2P, 6F, 2Y 2 

Tillage-fertility 1940 CT WW/Fal SSP 3T, 3F, 2Y 3 
Wheat-pea rotation 1963 CT WW/SP SSP 2C, 2T, 2Y 3 
Annual cereals 1932/1997 CT/NT AW, AS or AB SSP 2T, 3C, 2Y 2 
Pasture vs. wheat 1931 NT PG or AW RCB 2C, 2Y 2 

1 Tillage systems were cultivated (CT) or not cultivated (no-till; NT). 2 Crops were winter wheat (WW), spring wheat (SW), spring barley 
(SB), spring pea (SP) or fallow (Fal). Annual crops without rotation included winter wheat (AW), spring wheat (AS), spring barley (AB) or 
perennial grass (PG). 3 Experimental designs were split-split plots (SSP) or randomized complete blocks (RCB). 4 Treatments for analyses 
included crop (C), fertility (F), rotation phase (P), tillage (T) or year (Y). 5 Replicates sampled each year. 

MATERIALS AND METHODS 
The long-term experiments are located 13 km northeast of 
Pendleton, Oregon USA. The climate is temperate with 
warm, dry summers (21

o
C) and cool, wet winters (1

o
C).

About 75% of the 397 mm mean annual precipitation 
occurs from November to May. Evaporation exceeds 
precipitation from March through October. Agriculture in 
the region transitions from a 2-year rotation of winter 
wheat (10 month growing season) and long fallow (14 
months), to land planted annually as a 2-year rotation of 
winter wheat and a pulse crop such as spring pea, lentil or 
chickpea. The soil is a deep, well-drained silt loam. 

Experiments: Key features of the experiments are shown 
in Table 1. Additional information is as follows. 

Fertility management:  Six of nine treatments of a 
wheat-fallow rotation were sampled; 1) no added fertilizer 
since 1931; 2) 45 kg N/ha applied before each wheat crop; 
3) 90 kg N/ha; 4) 90 kg N/ha and burning of wheat
stubble; 5) cow manure (111 kg N/ha); and 6) pea vines

(34 kg N/ha). The area was plowed (moldboard) during 
spring and finished with a rod-weeder to conserve 
moisture and control weeds during fallow. Both rotation 
phases were sampled. 

Tillage-fertility: This wheat-fallow rotation has three 
tillage treatments and six nitrogen rates. Tillages include 
moldboard plow, offset disk, or 30-cm subsurface sweeps. 
Nitrogen treatments sampled were 45, 90 or 135 kg N/ha. 

Wheat-pea rotation: A winter wheat-spring pea 
rotation included four tillage treatments. Three reps of 
two tillage treatments (conventional and conservation) 
were sampled in both crop phases. Conventional tillage 
was by moldboard plowing in the spring before planting 
pea and in autumn before planting wheat. Conservation 
tillage consisted of no tillage before planting pea and 
shallow sweep tillage before wheat. 

Annual cereals: A block of cultivated (moldboard 
plow) annual winter wheat was established in 1931. In 
1982, the block was divided into winter wheat, spring 
wheat and spring barley. Each crop is planted on the same 
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land each year. The same series of crops were established 
on an adjacent no-till field during 1997. 

Pasture vs. wheat: A tall fescue pasture was planted in 
1931 and represents a non-grazed virgin grassland. The 
pasture was compared to winter wheat planted each year 
since 1931; the annual winter wheat plot was not 
cultivated after 1998.  

Sampling and analysis: Samples were collected in March 
2013 and March 2015, when winter wheat was small, 
spring crops were not yet planted, and before fallow was 
cultivated. Samples consisted of a composite of 20 soil 
cores (2.5 × 20 cm) per plot, using protocols of McKay et 
al. (5) and Evans & McKay (6).  Samples were dried, mixed, 
and sent to SARDI’s RDTS at Adelaide. DNA was extracted 
and the DNA of 17 potential pathogens was identified and 
quantified using PREDICTA®B (7, 
http://pir.sa.gov.au/research/ 
services/molecular_diagnostics/predicta_b). Data were 
reported as picograms fungal DNA/g of soil or as 
nematodes/g of soil. Data were analyzed using the 
generalized linear model program in CoStat v. 6.400.  

RESULTS AND DISCUSSION 
Crop type, tillage, rotation, soil fertility, year, and many 
interactions among these factors had large effects on 
pathogen populations. Where winter wheat was grown, 
Fusarium pseudograminearum and Pratylenchus neglectus 
were far more dominant than F. culmorum and P. thornei. 
Spring grains had the opposite influence on densities of 
these Fusarium crown rot and nematode species. Similar 
relationships have been observed in previous long-term 
experiments and commercial crops (2,3,8). Bipolaris 
sorokiniana (common root rot) only occurred where 
spring cereals were grown. Helgardia spp. (eyespot) 
occurred in winter wheat/fallow rotations but not in 
annual winter wheat. Gaeumannomyces graminis var. 
tritici (take-all) was more prevalent in cultivated than in 
non-cultivated soils, and the opposite generally occurred 
for Rhizoctonia solani AG-8 (Rhizoctonia root rot). 
Densities of Pythium spp. were always high but were 
significantly influenced by treatments in most 
experiments. Two pathogens not previously known to be 
present were detected; Phoma pinodella (stem and foot 
root of legumes) occurred only where pulse crops had 
been grown, and Drechslera tritici-repentis (tan spot) was 
detected in the conservation-tillage treatment of the 
wheat-pea rotation, no-till annual spring wheat, and the 
pasture. 

Significant effects of treatments and interactions were 
less prevalent in two old winter wheat/fallow rotations 
than in the two old plots of annual wheat and barley. 
Positive associations occurred between 1) Pratylenchus 
and Fusarium spp., 2) Pratylenchus spp. and R. solani AG-
8, and 3) F. culmorum and G. graminis var. tritici. A 
negative association occurred between Pratylenchus spp. 
and B. sorokiniana. Both positive and negative 
associations occurred between 1) Pratylenchus spp. and G. 
graminis var. tritici, 2) Pratylenchus spp. and Pythium spp., 
and 3) P. neglectus and P. thornei. Results were published 
(9). 

SUMMARY 

 This survey provided important new insights on 
dynamics of root pathogens of field crops.

 Several pathogens were detected that had not been
known to occur at the experimental site.

 Effects of cropping systems on fungal and nematode
pathogens were complex and require further
investigation.
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INTRODUCTION 
The oat industry in Western Australia (WA) is expanding 
its’ production, both within traditional oat production 
areas and into adjacent medium-low rainfall areas. 
Increased export demand provides oat grain and hay 
producers the opportunity for enhanced economic 
returns.  

Fusarium crown rot, caused predominantly by the 
stubble-borne fungus F. pseudograminearum, is one of 
the major root and crown disease constraints on cereal 
production in Australia. In 2009, it was estimated to cost 
WA grain growers $7 million annually in wheat and 
barley (2, 3). Expression of the disease occurs most 
commonly in the low rainfall areas, a region where oats 
have not been grown traditionally and no information is 
available on crown rot impacts on oat yield in this area. 
A cereal stubble survey conducted in 2013 and 2014 by 
DPIRD under the national crown rot project DAN00175 
identified crown rot infected stubble across the cereal 
producing areas of WA including in the medium to high 
rainfall areas. F. pseudograminearum was identified 
from this survey as the primary pathogen; however, in 
the medium to high rainfall area which is the traditional 
oat growing region, F. culmorum was also isolated.  

Small field trials in 2005 and 2008 showed that 
oats had yield losses of up to 16% which was comparable 
to susceptible bread wheat yield losses (Evans, personal 
comm.). Additionally, trials in SA and Vic in 2003 and 
2004 found that levels of F. culmorum DNA were similar 
after oats and barley, but levels of 
F. pseudograminearum DNA were lower after oats than 
after barley (1). They concluded that the level of
resistance in oat cultivars and the role of oat crops in 
building-up levels of crown rot inoculum are unclear and 
requires more research.

With the recent increases in milling prices for oats 
and the growers from the non-traditional growing region 
(low rainfall areas) interested in growing oats, there is an 
increased need to evaluate varietal tolerance to crown 
rot in the field to demonstrate economic benefits of 
adoption to growers. Additionally, there is a need to 
provide information on the effect of new varieties on 
crown rot inoculum given that many growers are likely 
to use oats as an additional crop in their rotations.  

MATERIALS AND METHODS 
Field experiments with oat and wheat varieties: The 
resistance/tolerance of oats to F. pseudograminearum 
and F. culmorum was determined through two seasons 
of field experimentation in two inoculated trials in 2016 
and 2017 (total of four trials) on six oat varieties/site 
(Bannister, Carrolup, Durack, Kojonup, Mitika, Williams 
and Yallara) and two wheat check varieties (Mace and 
Emu Rock). Plots were 10 m x 1.8 m. Grain yield (t/ha) 
from each plot/trial was recorded and stubble samples 
were collected at post-harvest for disease assessment. 
No crown rot DNA was detected in the soil tested by 

PREDICTA® B prior to sowing at all four trial sites. Trials 
were located at Merredin and Pingelly in 2016, and 
Merredin and Muresk in 2017. Merredin is located in the 
low rainfall area, while Pingelly and Muresk are in the 
medium to high rainfall area.  

The two trials from 2016 were soil sampled at pre-
sowing for DNA testing of F. pseudograminearum and 
F. culmorum levels using PREDICTA® B to determine the 
inoculum production of oat varieties and then over-sown 
with wheat (Mace) in 2017 to determine the impact of
inoculum levels on grain yield and crown rot disease.
Disease assessment: Basal browning was assessed on 30
pieces of stubble/plot collected from each trial. Crowns 
were scored using the 0–3 rating scale (0= no browning 
and 3 = >6 cm of basal browning). The crown rot index, a
visual measure of crown rot impact based on the
incidence and severity of browning of infected primary
stems, was calculated on a plot basis using a sample of
30 primary stems per plot.
Statistical analyses: There were 4 replicates for all 
treatments in field experiments.  Statistical analyses of
all results were conducted using the GenStat® 18th
Edition statistical software (VSN Intl. Ltd).
Economic analysis: Gross margins for oats were 
calculated based on three prices per tonne ($90, $180
and $270/t) and for wheat at one price of $270/t. Input
costs for chemicals, seed, fertiliser, lime, fuel, labour,
and insurance were included in the analysis.

RESULTS AND DISCUSSION 
All oat varieties tested were more tolerant to 
F. pseudograminearum, which is the predominant crown
rot pathogen occurring across the WA grain-belt, than
the check wheat varieties, Mace (S) and Emu Rock (MS). 
In fact, average yield losses for oats were about four
times lower than those measured in wheat (Figure 1).
For F. culmorum, oat and wheat had lower levels of yield
loss than for F. pseudograminearum especially for
wheat. There were no oat varietal differences in yield
responses to crown rot. This is good news for growers 
because it means there is a more tolerant cereal crop 
option that can be used in rotations where crown rot is a
problem. So in paddocks where crown rot risk is high and
non-host rotational options are limited, then oats appear
to be a better choice than wheat in terms of limiting the
extent of yield loss.

The crown rot index had a strong correlation 
between the two trials located in the same rainfall zone 
and so results are presented as the combined data for 
the two Fusarium species for trials in same rainfall zone 
(Figure 2). Yallara had the highest crown rot index in the 
low rainfall trials and the lowest in the medium/high 
rainfall trials (Figure 2). The wheat varieties remained 
consistent in their index for all four trials.  

At both sites pre-sowing inoculum levels in 2017 
were not significantly different among wheat and oats, 
or varieties sown in 2016. The inoculum averaged 2.2 
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log10 (pg DNA/g soil sample +1) at Merredin and 1.7 log10 
(pg DNA/g soil sample + 1) at Pingelly, which is in the 
medium and low PREDICTA® B risk level, respectively. 
This means that oats cannot be used as a break crop to 
reduce crown rot inoculum as both crops had similar 
inoculum levels in 2017. If the management strategy is 
to reduce crown rot levels in a paddock then a non-
cereal crop such as canola or lupin will need to be used 
with good grass weed control.  

Figure 1. Average yield loss to Fusarium culmorum and 
F. pseudograminearum in four inoculated field trials for oats
(dark grey bars) and wheat (light grey bars). 

Figure 2. Crown rot index for Fusarium pseudograminearum 
and F. culmorum combined at post-harvest from stubble of oat 
and wheat varieties in medium to high rainfall (dark grey bars) 
and low rainfall (light grey bars) areas. Red bar is 5% LSD for 
comparing varieties from medium/high rainfall areas, and blue 
bar is 5% LSD for comparing varieties from low rainfall areas.  

There was no significant difference in the 
effect of the 2016 oat varieties on crown rot index on 
wheat in 2017 for both sites. For grain yield in 2017, 
there was no significant effect from the 2016 treatments 
at Pingelly. However, at Merredin there was a significant 
negative effect of F. pseudograminearum on yield (0.96 
t/ha F. pseudograminearum vs. 1.07 t/ha Nil), a 
significant effect of 2016 crop type (0.98 t/ha oats vs. 
1.18 t/ha wheat), and significant differences between 
2016 oat varieties (Mitka 1.10 t/ha and Yallara 1.06 t/ha 
had significantly higher yield than Carrolup 0.83 t/ha). 
Given that were no differences in pre-sowing inoculum 
levels and crown rot disease index among wheat and 
oats or oat varieties, the differences in yield observed in 
one trial for crop type and oat varieties appears to be 
due to factors other than crown rot disease. Economic 
analysis: The gross margins for oats compared to wheat 
showed that only at a price of $270/t were oats more 
profitable than wheat assuming stable wheat prices of 

$270/t at all 3 locations (Table 1). At Muresk and 
Pingelly, the medium to high rainfall zones, oats were 
more profitable than wheat in the presence of crown rot 
at a price over $180/t for oats. The economics of oats 
compared to wheat become more attractive in the 
presence of high crown rot.  It is therefore important for 
growers with paddocks that have high crown rot risks to 
select the most appropriate cereal crop based on the 
forecast season and yield potential.  

Table 1. Gross margins for oats relative to wheat at three oat 
prices and the yield differences between oats and wheat for 
three locations in the absence and presence of Fusarium 
pseudograminearum. Wheat price was $270/t.  

Oat prices/t

Location Crown rot $270 $180 $90

Grain yield 

difference in t/ha 

(oats - wheat)

Merredin Nil $142 -$125 -$393 0.58

Present $170 -$84 -$337 0.71

Muresk Nil $160 -$198 -$556 0.62

Present $356 $11 -$334 1.52

Pingelly Nil $316 -$73 -$462 1.41

Present $415 $27 -$360 1.85

SUMMARY 

 F. pseudograminearum caused average yield losses
of 4% in oat varieties tested, which is four times
lower than the check wheat varieties Mace and Emu
Rock which had an average yield loss of 17%. There
was 3% or less yield loss in wheat and oats to F.
culmorum.

 Oats may be more profitable than wheat depending
on region and the presence of high levels of crown 
rot which has a larger impact on wheat than oats.

 Oats are not a good break crop for reducing crown
rot levels in a paddock as inoculum levels were not
significantly different among wheat and oats.

 There was no difference in disease in the next year’s
wheat following different oat varieties or cereal
type.
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INTRODUCTION 
Verticillium wilt continues to be a major economic constraint 
to cotton production in Australia.  Economic losses of up to 4-
5 bales/ha have been experienced by some Australian 
growers.  The causal agent, Verticillium dahliae Kleb, is a 
soilborne fungus that has a wide host range.  The fungus 
persists by producing microsclerotia (1) which are capable of 
persisting for up to 14 years (2).  Management of the disease 
requires an integrated approach using different strategies.  
Crop rotation is one strategy which may help lower the soil 
microsclerotia density.  A field trial in northern NSW 
evaluated the impact of rotating non-host crops and a bare 
fallow for two years on the soil population of V. dahliae and 
disease incidence and yield effects in the subsequent cotton 
crop. 

MATERIALS AND METHODS 
Rotation Trial near North Star, NSW: 
Rotation crop treatments were arranged in a randomised 
block design with three replications and four treatments.  
Treatments were sorghum, corn, a bare fallow and cotton. 
Individual plots were 12 rows wide and at least 500m long.  
All farming operations and irrigation were performed by the 
grower using commercial machinery. 
2015/16 season: Treatments were planted late December 
2015 and the trial was grown on rainfall during this season.  
2016/17 season: Treatments were intended to be oversown 
on the same plot, however an error at planting resulted in a 
slight mix up with corn and sorghum resulting in the following 
rotation sequences: 2 replications of corn-corn and 1 
replication of sorghum-corn; 1 replication of sorghum-
sorghum, 1 replication of fallow-sorghum and 1 replication of 
corn-sorghum.  Both fallow and cotton treatments were 
correct.  The trial was planted November 12, 2016 and was 
fully irrigated as required.  
2017/18 season: Cotton was oversown across all treatments 
on October 17, 2017.  The trial was planted on rainfall and 
fully irrigated thereafter.  Picking and yield data were 
obtained on April 14, 2018 using a commercial John Deere 
CP690 picker with in-built scales.  
Disease assessments: 
Soil was collected pre-plant and post-harvest each season to 
determine an estimate of V. dahliae present (data is still 
being finalised for the final season and will not be presented 
here). 
2015/16: Disease incidence, as determined by the presence 
of brown vascular discolouration in approximately 200 
randomly cut stems/plot across the cotton treatment, was 
determined on March 18, 2016. 
2017/18: Final disease incidence data was obtained on April 
12, 2018. 250 random plants/plot were assessed for 
presence of vascular stem browning.  Each stem was also 
collected with isolations to be completed to confirm presence 
or absence of V. dahliae.  Data from plots where sorghum 
was consistently the second crop grown in the second year of 
the trial (following another non-host or fallow) were analysed 
together. 

RESULTS AND DISCUSSION 

2015/16:  The average percentage of infected cotton plants in 
the first year of the trial where cotton was grown was 63%. 
2017/18: Final disease incidence data indicated that there 
was significantly more diseased plants where there had been 
three years of continuous cotton grown compared to all other 
treatments (Table 1).  The greatest disease reduction was 
where there was two years of bare fallow. 

Table 1: Effect of two years of crop rotation on yield and disease 
incidence of Verticillium wilt in the subsequent cotton crop, 2017-18 
season 

Rotation Disease incidence (% 
plants with vascular 

browning)* 

Yield 
(b/ha)

1

Sorghum-sorghum
2

50 (0.7801) a 9.87 a 
Corn-corn

3 
54 (0.8242) a 11.53 b 

Fallow-fallow 27 (0.5436) a 11.50 b 
Cotton-cotton 95 (1.3438) b 9.63 a 
Values within a column followed by different letters are significantly 
different at p<0.05 
*Values in brackets has been transformed for analysis using arcsine
square root transformation
1Yield (b/ha) is based on 42% gin turnout (waiting on results from gin) 
21 rep of this treatment was fallow-sorghum & 1 rep was corn-
sorghum 
31 rep of this treatment was sorghum-corn 

A bare fallow and corn rotation both yielded 
significantly better than cotton and sorghum (Table 1).  Other 
factors may have contributed to yield being similar between 
continuous cotton and when sorghum was grown as the 
second year rotation crop despite the continuous cotton 
having significantly more disease present (95 % of infected 
plants compared to 50 %).  This warrants further future 
investigation. Wheeler et al (3) have shown that a rotation 
with sorghum can delay initial buildup of V. dahliae 
microsclerotia, which  results in less wilt, higher cotton yields 
and better economic returns (4,5).  It is known that the 
incidence of vascular browning does have little effect on yield 
(6,7) and impact on yield is more closely related to the timing 
of foliar symptom development (8,9). In a previous study 
(unpublished data), at the same trial location site, which 
examined the effect of one year of rotation with sorghum, 
corn and fallow on Verticillium, foliar symptom  
development, severity and incidence were less in all rotation 
options compared to two years of cotton.   

SUMMARY 

 Cotton grown after two years of bare fallow in this trial
resulted in significantly less disease and significantly
higher yield than where continuous cotton had been 
grown

 Rotations to non-host crops are important for including
in overall management strategies to help in reducing
soil populations of V. dahliae. 

 Rotations that include corn or sorghum both helped 
reduce the number of diseased plants compared to
continuous cotton, with at least 41% less infected
plants.
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INTRODUCTION 
The reniform nematode (Rotylenchulus reniformis Linford & 
Oliveira, 1940) is a major plant-parasitic nematode pest of 
cotton worldwide (1). The nematode feeds on roots causing 
damage to the plant resulting in stunting and generally poor 
plant growth, therefore causing reduced productivity. In 
2012, reniform nematode was detected in Theodore during 
routine early season disease surveys of cotton crops. The 
extensive survey of cotton fields in Theodore that followed, 
determined that this nematode was well distributed and at 
populations capable of reducing yields by up to 40%. 
Reniform nematode is now considered an important pest in 
cotton production in Theodore.   

Monitoring of plant-parasitic nematodes in cotton 
soils is an important activity for the early detection and 
prevention of spread of nematodes, defining nematode 
distribution, and to achieve effective management of 
nematodes that affect crop production.  Since detection of 
reniform nematode, selected fields each season in Theodore 
have been sampled to monitor the effect of cropping practice 
on soil populations to better understand population 
dynamics. 

No cotton cultivars are commercially available that 
have resistance to reniform nematode, however rotation to 
resistant or non-host crops has the potential to contribute to 
the management of this nematode.  A number of rotation 
studies have documented the suppression of reniform 
nematode in cotton fields when rotated with corn (2).  Fields 
planted to non-host crops were included in this study.  

In this paper, we present findings on the effect of 
the cropping regime on field populations of reniform 
nematode over time and discuss the potential of rotation 
with non-hosts to manage this soil pest.   

MATERIALS AND METHODS 
Field population over time: The approach used to investigate 
cropping practice on field populations of reniform nematode 
was to monitor selected fields post-harvest over time. Pre-
plant samples were also taken to determine the effect of 
winter fallow on nematode population. Soil from selected 
fields was sampled and plant-parasitic nematodes extracted 
from soil and counted to determine field population.   

Soil sampling protocol: For pre-plant sampling, soil was 
collected after the beds were formed in the proposed 
planting area. For post-harvest sampling, soil was taken from 
beneath the previous crop row or root area. Dry top soil was 
scraped away and a sample 15 cm deep was taken using a soil 
corer. One hundred cores were collected every 10 ha and 
placed into a bucket, mixed thoroughly and a subsample of 
approximately 400 g was placed in a clearly labelled plastic 
bag.  

Nematode extraction: Nematodes were extracted from a 
subsample of 200 mL over three days using a modified 

Baermann funnel technique (3).  Extracted nematode 

samples were stored at 11C until counted. All plant-parasitic 
nematodes were identified based on morphology and 
reported as number per 200 mL soil. 

RESULTS AND DISCUSSION 
A comparison of post-harvest sampling results between years 
is relevant in understanding the long-term trend in 
population dynamics. The population decline that can be 
seen through winter (from post-harvest to pre-plant in 2013) 
and the sharp rate of increase shown through the following 
cotton season (2013-2014) (Figure 1) is consistent with 
population flux described in the absence and presence of a 
host crop in literature from the USA (4).  

Figure 1. Reniform nematode (Rotylenchulus reniformis (Rr)) 
population decline through the 2013 winter and subsequent increase 
in the following cotton season 

There is an overall trend, which is concerning, of 
increasing populations (Figures 2 and 3), commonly 
associated with back-to-back cotton. Some fields that were 
determined to have nil or low populations of reniform 
nematode in 2012/13, had populations between 100 and 
nearly 700 Rr/200 mL soil (Figures 2 and 3) after four years. 
Every season is different however, so caution is needed when 
comparing data from different seasons.  The speed at which 
populations can increase highlights the importance of 
managing fields with nil or low numbers appropriately to 
minimize the risk of introducing reniform and/or building up 
numbers of existing nematodes. Figures 3 and 5 show how 
variable the population of reniform nematode can be within a 
field, emphasizing the significance of appropriate sampling 
technique if making management decisions based on 
population data. 

Monitoring of soil populations in the one field over 
four seasons showed that reniform numbers dropped after 
rotation with corn, however one season back into cotton 
negated that benefit resulting in significant increase in 
population (Figure 4). Population also dropped when 
sorghum, a non-host, followed cotton (Figure 5). Where 
practical, crop rotation with a non-host is an excellent 
practice for managing nematode soil population densities. 
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However due to populations rebounding quickly following a 
one-year rotation, two or more years out of cotton may be 
necessary.  The economics of rotation with crops of lower 
value per hectare than cotton makes this practice challenging 
and potentially of limited value to some cotton growers.  

Figure 2. Increase in the post-harvest population of reniform 
nematode (Rotylenchulus reniformis (Rr)) in field A over time when 
cotton was grown back-to-back for five seasons 

Figure 3. Population of reniform nematode (Rotylenchulus reniformis 
(Rr)) across a field, divided into 10 ha sections, in East Theodore post-
harvest cotton in 2012/13 and 2016/17 when cotton was grown 
back-to-back 

Figure 4. Post-harvest soil population of reniform nematode 
(Rotylenchulus reniformis (Rr)) after cotton and corn  

Figure 5. Population of reniform nematode (Rotylenchulus reniformis 
(Rr)) and variability within a field following cotton (2013) then 
sorghum (2014) in fields 7 and 8 divided into 10 ha sections  

SUMMARY 

 The overall trend is of increasing reniform populations,
which is associated with back-to-back cotton.

 Corn and sorghum reduce soil populations compared to
cotton and are good rotation options for growers to 
manage this pest. One rotation out of cotton however is 
not sufficient, as populations return to high levels when
cotton is grown. Two or more rotations out of cotton 
should be considered.

 This study highlights the importance of monitoring plant-
parasitic nematodes in cotton soils for early detection
and prevention of spread of nematodes, defining
nematode distribution, and to achieve effective
management of nematodes that affect crop production.
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INTRODUCTION 

Aphanomyces euteiches is a fungal-like pathogen 

(i.e.,oomycete) that is becoming a serious problem for 

field pea production in western Canada (1). The pathogen 

causes severe rot in the root, cortex, and epicotyl resulting 

in stunting, yellow and wilting leaves, or death. 
Aphanomyces root rot develops because of zoosporic or 

myceliogenic infection when oospores germinate to form 

germ sporangia and germ tubes, respectively (2). Until the 

recent introduction of the fungicide INTEGOTM Solo 

(ethaboxam) as an emergency treatment for the 

suppression of Aphanomyces euteiches in field pea there 

was no effective control method available in Canada (1). 

Effective control measures are needed, and one such 

alternative is the development of bacterial inoculants that 

interrupt the pathogen’s lifecycle and ultimately control or 

reduced disease expression in the host plant. 

MATERIALS AND METHODS 

Screening of soil bacteria for antagonistic activity: Soils 

were collected from 43 commercial field pea fields across 

Saskatchewan. Soil suspensions and crushed Aphanomyces 

euteiches mycelia were sequentially spread over 1/10 

strength TSA plates. Antagonistic bacteria inhibiting 

mycelial growth were identified by a zone of mycelial 

inhibition, and isolated for further study. 

Aphanomyces euteiches mycelial growth inhibition assay: 

Single colonies of antagonistic bacterial isolates were 

inoculated at two opposite edges on a PDA plate.  A plug 

of Aphanomyces euteiches mycelia was placed in the 

center of the plate. After incubation, zones of inhibition 

were measured. 

Aphanomyces euteiches zoospore germination inhibition 

assay: Aliquots of a 24 hr culture of each antagonistic 

bacterial isolates and Aphanomyces euteiches zoospores 

were spread over two PDA plates. After 3 days, zoospores 

germination inhibition was assessed by microscopy. 

Assessment of biocontrol bacteria in growth chamber 

trials: Bacterial isolates that inhibited both mycelia and 

zoospore were selected for growth chamber trials. Pea 

plants were grown in vermiculite and inoculated with 

antagonistic bacterial suspensions and Aphanomyces 

euteiches zoospore. Four weeks after planting, the pea 

plants were harvested and roots assessed for level of 

disease development on a 0-4 scale. 

RESULTS AND DISCUSSION 

Assays identified 184 bacteria that inhibited the mycelia 

stage of Aphanomyces euteiches (Figure 1), and of these 

184 isolates, 50 also inhibited zoospore germinations by 

75% or more compared to a control. Screening of these 50 

isolates in growth chamber trials identified 20 isolates that 

suppressed or reduced aphanomyces root rot in pea 

grown in vermiculite (Figure 2). The efficacy of these 20 

isolates as soil inoculants in pot experiments using field 

soils is under evaluation. Isolates varied in their potential 

to inhibit aphanomyces root rot, which suggests variations 

in the production and secretion of inhibitory compounds 

and/or the mode of action exerted by the inhibitory 

metabolite (3). 

Figure 1. Antagonistic bacteria inhibiting Aphanomyces 

euteiches mycelia growth. 
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Figure 2. Isolate PCV1-13 inhibited aphanomyces root rot 

disease in pea grown in vermiculite. 

Early growth chamber results suggest that aphanomyces 

root rot in pea can be avoided using rhizosphere bacteria 

as biocontrol agents. Because rhizosphere bacteria 

compete effectively for root exudates and are adapted to 

living in close association with the host plant roots
4
, they

should be screened for biological control activity against a 

variety of root pathogens. 

SUMMARY 

 Aphanomyces euteiches lifecycle can be

interrupted using rhizosphere bacteria.

 Antagonistic potential varies among the

rhizosphere bacteria.

 There is a potential for biological control of

Aphanomyces euteiches using rhizosphere

bacteria as bioinoculants.

 Further identification and efficacy testing are

underway.
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INTRODUCTION 
The fungal pathogen, Fusarium pseudograminearum, 
causes Crown Rot in cereals. This disease reduces both 
the yield and quality of cereals, costing growers an 
estimated $80M for wheat and $18M for barley annually 
in Australia alone [1]. Management strategies to control 
Crown Rot are limited. Fungicides used as seed dressings 
provide little protection and, while plant breeding has 
produced more tolerant varieties, none show effective 
disease resistance. This disease is made more 
problematic because, after maturity, Fusarium grows 
and survives in the stubble regardless of the level of 
resistance/tolerance of the wheat variety in the living 
phase of the crop, thus increasing the risk of infection in 
the following crop. A project was undertaken to screen a 
collection of endophytic Actinobacteria for their ability 
to suppress both growth of F. pseudograminearum and 
the development of Crown Rot symptoms in wheat.  

MATERIALS AND METHODS 
A collection of endophytic, plant growth-promoting 
Actinobacteria were isolated from the roots of wheat 
plants that were selected by asking growers to indicate 
areas of their farms that consistently out-performed 
other areas in terms of plant health and yield [2]. The 
antifungal activity of the isolates was tested in in-vitro 
competition tests against F. pseudograminearum on agar 
plates. The ability of the antifungal isolates to suppress 
disease in-planta was then tested in a soil free, in-vitro 
test by germinating seeds that had been coated with 
each isolate on paper towel rolls, infecting them with F. 
pseudograminearum at the two leaf stage and assessing 
the difference in disease severity (% stem browning) 
relative to untreated seeds after a further two weeks of 
growth. The most promising isolates were tested in a 
glasshouse trial. Wheat seeds were coated with the 
isolates and sown in pots filled with a non-sterilized 
sandy loam from Gingin, WA. When the plants reached 
the two leaf stage, they were infected with F. 
pseudograminearum by applying 5 g of cracked corn 
infested with the pathogen to each pot. Plants were 
grown to maturity and assessed for disease severity (% 
stem browning) and grain yield. A subset of the isolates 
was identified by extracting and sequencing the 16s 
ribosomal RNA genes and comparing them to the 
Genbank database.  

RESULTS AND DISCUSSION 
Many of the isolates showed varying degrees of 
pathogen suppression on plates, with several completely 
inhibiting the growth of the fungus (Figure 1 and Table 
1). The isolates with the strongest antifungal activity 
from the plate tests also showed significant disease 

suppression in soil-free small plant assays (Figure 2). 

Figure 1. In vitro suppression of F.pseudograminearum.  On left, 
Streptomyces sp. (MH243 - top of plate) inhibited growth of F. 
pseudograminearum (bottom of plate) compared with control 
plate (on right) with F. pseudograminearum alone. 

Table 1: In vitro antifungal activity of Actinobacteria against F. 
pseudograminearum strains CS5642, CS5834 & CS3427. 

F. pseudograminearum strain

 
CS5642 CS5834 CS3427 

Actinobacteria 
isolate 

identification 
number 

Clearing zone (mm) 

MH243 32 44 18 

MH71 25 27 35 

MH192 11 18 18 

MH191 12 4 15 

MH60 9 3 4 

MH51 8 15 13 

8a 7 2 4 

MH133 7 6 2 

MH63 29 6 0 

MH64 29 19 0 

MH33 28 0 0 

MH47 22 0 0 

MH39 21 0 0 

MH136 13 0 0 

MH178 1 2 n.t.

9a 0 0 2 

36b 0 4 2 

66b 0 25 0 

73a 0 15 1 

73ww 0 10 3 

85b 0 16 2 

MH76 0 0 0 

MH99 0 0 0 
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Figure 2. Average percentage of stem browning in wheat (cv. 
Tamaroi) seedlings treated with Actinobacteria and infected with F. 
pseudograminearum CS5642 compared with healthy (non-infected) 
and disease controls plants in a soil-free assay. 

Figure 3. Average percentage of stem browning in mature 
wheat (cv. Tamaroi) treated with Actinobacteria and infected 
with F. pseudograminearum CS5642 compared with disease 
control plants in a glasshouse pot trial. Short bar represents 
l.s.d. (P=0.05) 

Figure 4.  Average grain yield losses in plants infected with F. 
pseudograminearum and treated with a range of Actinobacteria 
isolates as seed coats in a glasshouse pot trial. Losses are 
expressed as the percentage yield difference between pathogen 

infected plants and non-infected plants treated with the same 
Actinobacteria. Grain samples were pooled prior to analysis 

In the glasshouse trial, disease severity was 
relatively low, even in the disease control plants. 
None of the plants developed whiteheads during the 
pot experiment, in spite of significant evidence of 
Crown Rot infection, measured as stem browning. 
However, the most promising isolates (MH71 & 
MH243) significantly decreased the severity of stem 
browning compared to the disease controls (Figure 
3). 

Grain yields were still impacted by Crown Rot 
infection despite the lack of white heads (Figure 4). 
The disease control plants yielded 29% less grain 
than healthy control plants that were not infected 
with F. pseudograminearum.  Plants treated with 
Actinobacteria seed coats reduced yield losses to 
20% (66b & MH192) and 12% (MH71 & MH243) 
when compared with non-infected plants treated 
with the same Actinobacteria (Figure 4). 

Sequencing of the 16s rRNA gene revealed that 
the two isolates with the strongest antifungal activity 
(MH71 & MH243) were Streptomyces species. Other 
isolates with lesser antifungal activity belong to the 
genera Rhodococcus, Micromonospora and 
Microbispora.  

The antifungal isolates have several qualities that 
make them promising as biocontrol agents. They are 
easy to culture in the laboratory and to introduce to 
plants as a seed coat. They have been shown to 
readily recolonise the intercellular spaces of wheat 
roots from a seed coating. They are also spore 
formers giving them an additional mechanism to 
survive adverse environmental conditions. 

SUMMARY 

 Endophytic Actinobacteria were screened for
their ability to suppress both growth of F.
pseudograminearum and the development of
Crown Rot symptoms in wheat.

 Plants treated with two of the Streptomyces
species seed coats reduced yield losses to 12%
(MH71 & MH243) when compared with non-
infected plants treated with the same 
Actinobacteria.
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INTRODUCTION 
Trichoderma strains are used as inoculants in plant 
production systems for disease suppression and plant 
growth-promotion. T. gamsii strain A5MH is an 
endophytic colonist of wheat root and crown tissues and 
has disease suppressive efficacies against a range of soil 
and stubble borne cereal disease, including Pythium and 
Rhizoctonia root rots and Fusarium crown rot (1). We 
have utilised nano-layer polymers to encapsulate 
individual conidia of T. gamsii strain A5MH, to 
developing liquid formulations for on-seed and in-furrow 
inoculation. This approach addresses variability and 
inefficiencies in crop application, factors known from our 
previous research to limit inoculant colonisation and 
field efficacies.  

The aim of this study was to determine field 
performance of the novel Trichoderma formulation in a 
wheat cropping trial. Culture- dependent microbiological 
and culture-independent molecular assays were used to 
quantify rhizosphere competence, disease suppressive 
efficacies, environmental persistence and impacts of 
Trichoderma inoculants on plant pathogenic and non-
target fungal communities in the wheat rhizosphere 
microbiome. 

MATERIALS AND METHODS 
Field site and trial design: A disease suppressive 
inoculant trial was established at Karoonda SA, (2017 
GSR=170 mm) on soil (chromosol, pH 8.3) shown 
previously to express Fusarium crown and Pythium root 
rots and be responsive to disease suppression by 
Trichoderma inoculants in glasshouse trials (1). The trial 
was sown (wheat cv Scepter) on stubble-retained plots 
cropped to wheat for 7 consecutive years. It consisted of 
a randomised complete block design (RCBD) with 6 
replicate plots of each of the 3 T. gamsii strain A5MH 
inoculant treatments (i.e. untreated Nil, unformulated 
A5MH, formulated A5MH+10K). Inoculants were applied 
in-furrow as conidial liquid suspensions at 3.6 x 10

10
 cfu

m
-2

 (i.e. approx. 3.6 x 10
8
 cfu seed

-1
).

Trial sampling: Sampling was undertaken pre-
inoculation immediately after sowing (T0) and at 4 times 
post-inoculation throughout the growing season 
including i.e. emergence (T1, 19 days), tillering (T2, 63 
days), crop maturity (T3, 147 days) and at grain harvest 
(T4, 166 days). In addition, standing wheat stubble 
(including roots and rhizosphere soil) was sampled at 
142 days post-harvest (i.e. T5, 308 days post sowing). 
Data analyses: Disease suppressive efficacies of 
inoculant treatments were quantified at tillering (T2) and 
crop maturity (T3) by determining wheat root isolation 
frequencies of potentially plant pathogenic fungi and 
oomycetes. In addition, suppression of the crown rot 
pathogen Fusarium pseudograminearum in wheat 
tissues was quantified by culture-independent, species-
specific qPCR. Rhizosphere competence, tissue 
colonisation and environmental persistence of T. gamsii 

A5MH inoculant treatments and target pathogen F. 
pseudograminearum, were quantified in rhizosphere soil 
(RS), crown roots (CR) and primary roots (PR) by culture-
independent species-specific qPCR at tillering (T2), crop 
maturity (T3) and 142 days post-harvest (T5).  

Impacts of inoculant treatments on the wheat 
rhizosphere fungal microbiome was assessed by Illumina 
Miseq and diversity profiling of fungal community 
structure on the same pre-inoculated (T0) and 
rhizosphere (T2 and T3) soil DNA extracts used in 
microbiological and molecular diagnostic (qPCR) 
analyses. Statistical analyses of microbiological (soil 
inoculum, root isolation), molecular (qPCR, microbiome-
OTUs) and plant performance (emergence, biomass, 
grain yield) data used one and two-way ANOVA. Fisher’s 
least significant difference (LSD) means comparison 
(P=0.05) was performed to determine significant 
differences among inoculant treatments over time.  

RESULTS AND DISCUSSION 
Inoculant soil colonisation and environmental 
persistence: Wheat endophytic colonisation (roots and 
crown shoots) and rhizosphere competence of the 
inoculant T. gamsii strain A5MH was confirmed by re-
isolation from surface sterilised wheat tissue and 
analyses with molecular diagnostics (i.e. qPCR, and AFLP 
genotyping). No endemic T. gamsii phenotypes were 
isolated from or detected by qPCR at any time point, 
from rhizosphere soils or roots of untreated (Nil) wheat. 
However, low frequencies (0.05) of other endemic 
Trichoderma spp. (T. koningiopsis, T. viride) were 
recovered from wheat roots at each sampling time. 
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Figure 1. Colonisation of wheat (cv Scepter) rhizosphere soil at 
Karoonda, S.A. by unformulated (A5MH) and formulated 
(A5MH+10K) Trichoderma gamsii strain A5MH. Rhizosphere soil 
colonisation was quantified by T. gamsii species-specific qPCR 
prior to inoculation at sowing (T0) and at 19 days (T1), 63 days 
(T2) and 147 days (T3) after inoculation. Letters indicate 
significant differences in colonisation of rhizosphere soils 
among inoculant treatments by time.  

Rhizosphere soil colonisation by T. gamsii strain 
A5MH was significantly (P<0.001) greater than that of 
the untreated control at 19 days (T1), 63 days (T2) and 
147 days (T3) post-inoculation (Figure 1). Furthermore, 
colonisation by the formulated treatment (A5MH+10K) 
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was significantly (P<0.001) greater than that of the 
unformulated at tillering (T2) and crop maturity (T3). 
There was no significant decline in colonisation of wheat 
rhizosphere soil by the formulated inoculant over the 
course of the growing season (i.e. 147 days post-
inoculation). T. gamsii A5MH was not detected (qPCR) in 
post-harvest (T5, 308 days) stubble or rhizosphere soil of 
the unformulated treatment, and was detected in only 1 
of the 6 formulated (A5MH+10K) replicates (i.e. 1.6 x 10

6
 

conidial equivalents). 

Inoculant root colonisation and disease suppression: 
Recovery of T. gamsii strain A5MH from surface 
sterilised wheat root and crown tissues were 
significantly (P<0.001) greater at crop maturity (T3) than 
at tillering (T2). Putative T. gamsii A5MH phenotypes 
(25) recovered from wheat roots were confirmed as the 
inoculated strain by species-specific qPCR, ITS-rDNA
sequencing and AFLP genotyping.

Moderate to high frequencies of Pythium 
irregulare (0.40), F. pseudograminearum (0.27), 
Diaportha spp. (0.75) and low levels of Eutiarosporella 
spp. (0.12) were isolated from uninoculated (Nil) wheat 
(Figure 2). Taxonomic identities of each fungal and 
oomycete pathogen were confirmed by ITS-rDNA 
sequencing. Two Eutiarosporella spp were putatively 
identified as E. tritici (= Tiarosporella tritici), a 
component of the pathogen complex causing white grain 
disorder of wheat (2). Unformulated and formulated T. 
gamsii A5MH treatments significantly decreased the 
incidence of all four pathogens at crop maturity (Figure 
2). In addition F. pseudograminearum incidence was 
significantly less with the formulated inoculant 
treatment. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

T. gamsii Pythium
irregulare

Fusarium
pseudo

Diaporthe spp. Eutiarosporella
spp.

W
h

ea
t 

ro
o

t 
is

o
la

ti
o

n
 f

rq
u

en
cy

Nil A5MH A5MH+10K

LSD=0.05

P<0.001

LSD=0.09

P<0.001

LSD=0.05

P<0.001

LSD=0.07

P<0.001

LSD=0.05

P<0.018

c a

a

a

b

a

c

b
b b

b
b

b b

a

Figure 2. Wheat (cv Scepter) root isolation frequencies of 
inoculant Trichoderma gamsii strain A5MH and suppression of 
plant pathogenic Pythium irregulare and Fusarium 
pseudograminearum and potentially pathogenic Diaporthe spp. 
and Eutiarosporella spp. Endophytic root isolation was 
quantified at 147 days (T3) after inoculation with unformulated 
(A5MH) and formulated (A5MH+10K) T. gamsii treatments. 

T. gamsii was not detected in the rhizosphere
(soil + root + crown) of untreated wheat (Nil) at tillering 
(T2) or crop maturity (T3) by species-specific qPCR 
(Figure 3). Rhizosphere colonisation by the formulated 
inoculant (A5MH+10K) was significantly (P<0.001) 
greater than that of the unformulated (A5MH) inoculant 
at crop maturity. Unformulated (A5MH) and formulated 
(A5MH+10K) inoculant treatments significantly 
decreased rhizosphere colonisation by F. 
pseudograminearum and abundance of this pathogen in 

wheat root and crown tissues at crop maturity (T3). 
There was however, no significance difference between 
inoculant treatments (Figure 3). 
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Figure 3. Rhizosphere and root tissue colonisation of wheat 
(cv Scepter) at Karoonda, S.A. by Trichoderma gamsii inoculant 
strain A5MH and the crown rot pathogen Fusarium 
pseudograminearum at 147 days (T3) after inoculation with 
strain A5MH. Colonisation was quantified by T. gamsii and F. 
pseudograminearum species-specific qPCR. Rhizosphere indices 
include colonisation of rhizosphere soil and root tissues (crown 
base, crown roots, primary roots). 

Wheat rhizosphere fungal microbiome: Fungal-specific 
sequence data of the wheat rhizosphere microbiome 
showed that inoculation with T. gamsii strain A5MH, 
irrespective of formulation, had no significant impact the 
fungal community structure at tillering or harvest. No 
differences were detected in microbial diversity indices 
of community richness (Shannon index H’), species 
richness (Margalef d) and Pielou’s evenness (J’) between 
the inoculated and nil treatments over the three 
sampling times (T0, T2, T3). Among the top 15 most 
abundant fungal genera, Trichoderma was the only taxon 
which was significantly more abundant in the 
rhizosphere soil of inoculated (both formulations) 
compared to un-inoculated wheat. 

SUMMARY 

 Trichoderma inoculant A5MH showed significant
increases in wheat rhizosphere colonisation
(P=0.004) and suppression of Pythium root (P=0.007) 
and Fusarium crown rots (P=0.018) throughout the
growing season.

 Novel formulation of Trichoderma conidia, via
polymeric encapsulation, significantly increased
inoculant rhizosphere colonisation (P<0.001),
suppression of Fusarium crown rot (P=0.006) and 
enhanced plant biomass at tillering (P<0.001).

 Whilst not significant, wheat grain yields with the
unformulated and formulated inoculant increased by
12% and 21%, respectively.
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INTRODUCTION 
Potato Verticillium wilt (PVW) is an increasingly serious 
soil-borne disease in China and the pathogen is difficult 
to control once it reaches the vascular plant tissue and 
fungicides appear to be ineffective (1). However, little is 
known about the disease and its effective management 
strategies in China. In this paper, three main projects 
were introduced: (i) the survey for the distribution and 
pathogen species of PVW in China; (ii) screening of 
biocontrol agents (BCAs) against PVW; (iii) the 
mechanism of PVW suppression by soil microbiome 
mediated by broccoli rotation.  

MATERIALS AND METHODS 
Surveys of potato Verticillium wilt: Surveys were 
conducted in 245 potato production fields distributed in 
53 counties of 7 provinces in China from 2013 to 2016. 
Verticillium pathogens were isolated from diseased 
samples and identified by molecular and biological 
methods. 
Screening of biocontrol agents: Bacterial and fungal 
BCAs against PVW were screened through plate culture, 
pot assays and field experiments. 
Soil microbiome analysis: Rhizosphere soil microbial 
communities were assayed from potato and broccoli 
treatments using plate counts, qPCR and DNA 
sequencing methods. 

RESULTS AND DISCUSSION 
Occurrence and distribution of potato Verticillium wilt 
in China: Results show that PVW was found from 6 
provinces in northern China including Hebei,  
Heilongjiang, Inner Mongolia, Gansu, Ningxia and Shanxi 
Provinces. The pathogens causing PVW were identified 
as Verticillium dahliae (Vd) and V. albo-atrum (Vaa), and 
V. dahliae was the major agent with 75.5% isolation 
proportion. The infected fields over the 6 provinces of
northern China could be divided into 3 different types
including Vd-only, Vaa-only and Mixed-pathogen fields
based on the species of pathogen. The Vd-only field was 
found in Hebei, Heilongjiang, Inner Mongolia, Gansu and
Shanxi Provinces, the Vaa-only field in Hebei,
Heilongjiang and Inner Mongolia Provinces, and the
Mixed-pathogen field in Hebei, Heilongjiang, Inner
Mongolia, Ningxia  and Shanxi Provinces.

Screening of biocontrol agents against potato 
Verticillium wilt: In total, 5 isolates of Trichoderma spp. 
and 15 strains of Bacillus spp. as potential BCAs from the 
microorganism stored in the lab could effectively protect 
plants against PVW after the plate screening and control 
efficacy assays both indoor and in the field. Of the 20 
tested BCAs, Trichoderma sp. PT-29 with a relative stable 
performance indoor was identified as T. asperellum 
according to morphological and molecular methods. The 
field experiments show PT-29 resulted in a control 
efficacy of 63.28% against PVW. Moreover, PT-29 could 

improve up to 20.89% of potato production significantly 
compared to the control in the field. 

Regulation mechanism of broccoli rotation agaist 
potato Verticillium wilt: Broccoli rotation can reduce the 
inoculum of Verticillium in soil to control Verticillium wilt 
on several crops including potato (2,3). Our results also 
show V. dahliae was decreased by broccoli treatments in 
the soil by qPCR method. However, little effort has been 
made to understand the potential mechanism of 
controlling PVW by broccoli rotation in terms of 
microbial regulation. In this study, rhizosphere microbial 
communities were significantly affected by broccoli 
treatments both in the greenhouse and in the field. 
According to average values from soil samples, soil from 
broccoli treatments averaged higher culturable bacteria 
but lower fungal populations than planting potato. 
Meantime, the bacterial and fungal community structure 
in the soil was analyzed between broccoli rotation and 
planting potato by sequencing on an Ion S5 XL platform. 
The significant changes in specific microbial populations 
resulting from broccoli treatments were suspected to be 
one of the microbial mechanisms involved in PVW 
suppression. 

SUMMARY 

 PVW was found throughout 6 provinces in northern
China covering Hebei,  Heilongjiang, Inner Mongolia,
Gansu, Ningxia and Shanxi Provinces and the
pathogen causing PVW were identified as V. dahliae 
and V. albo-atrum. 

 Potential BCAs including fungi isolates and bacteria
strains were screened to control PVW.

 The shift in rhizosphere soil microbiome by broccoli 
plants drives a suppressive effect on Verticillium
pathogen, which contributes to understand the
mechanism of broccoli rotation as a tool in the
management of PVM.
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Introduction 
Crown gall, caused by pathogenic Agrobacterium 
spp., is a serious problem in the production of 
cherry, peach and other fruits in Shandong and 
other provinces of China. The biological control 
agent Agrobacterium rhizogenes K1026 (1, 2) was 
developed in Australia and has been used 
commercially in a number of countries since the 
early 1990s. While strain K1026 is generally 
regarded as a highly effective biocontrol agent for 
crown gall of stone fruits (3), it has not been 
registered or made commercially available in China. 
The aim of this research was to assess the 
feasibility of using A. rhizogenes strain K1026 to 
control crown gall disease of stone fruits in China.   

Materials and Methods 
Agrobacteria were isolated from galls of cherry and 
peach, and from soil collected from a cherry 
nursery in Shandong Province. Isolates of 
Agrobacterium were obtained by plating gall or soil 
extracts on selective media (4) and were then 
tested for pathogenicity on carrot and/or tomato.  
The main pathogenic species proved to be 
Agrobacterium rhizogenes.  Over 90% of A. 
rhizogenes (104 of 113 isolates) were pathogenic 
on carrot discs in vitro.  

The sensitivity of 37 pathogenic isolates 
of A. rhizogenes to antibiotics produced by strain 
K1026 was tested on Stonier’s agar medium.  All 
isolates were sensitive to antibiotics produced by 
strain K1026, exhibiting at least five different types 
of inhibition patterns.  Strain K1026 produces two 
antibiotics, agrocin 84 and agrocin 434 (5,6).  
Patterns of inhibition, i.e. large or small zones and 
clear or diffuse zones very likely relate to 
differences between pathogenic strains in 
sensitivity to these two antibiotics.  Crown gall 
caused by each of the 37 pathogenic strains was 
completely controlled by inoculation with strain 
K1026 in a carrot root disc bioassay (7).  This result 
suggested that biocontrol of crown gall on cherry 
and peach in Shandong using A. rhizogenes K1026 
may be feasible.   

Field trials were established in Shandong 
Province during the period 2014 to 2016.  Cuttings 
of the highly susceptible cherry rootstock ‘Chinese 
Cherry’ were treated at planting with a peat 
preparation of strain K1026 suspended in water or 

untreated (dipped in water only).  A trial was 
established near Tai’An, Shandong, in March 2016 
using clean, non-diseased cuttings of ‘Chinese 
Cherry’.  There were two treatments: strain K1026 
and untreated, and 8 replicate plots; each of the 16 
plots was planted to 15 trees.   

Results and Discussion 
The results for the effect of treatment on crown 
gall incidence and severity are presented in Table 1.  
Treatment with strain K1026 substantially 
increased the number of trees with no crown gall 
tumours from 46% to 82%.  In addition, the severity 
of crown gall was very substantially reduced by 
treatment with K1026.  When expressed per plot 
and per tree, the fresh weights of tumour tissues 
on K1026-treated trees were reduced by 88% and 
82%, respectively, compared to the untreated 
trees.   

The result of this trial, showing highly 
effective control of crown gall disease in the field 
by strain K1026, was important because the 
starting material (‘Chinese Cherry’ cuttings) was of 
good quality, free from pre-existing crown gall and 
the degree of replication and tree survival through 
the growing season were adequate to allow a high 
degree of confidence in the statistical analysis and 
the conclusion that K1026 treatment was highly 
effective.   

The results of two other field trials in 
Shandong and Beijing, where cherry cuttings were 
inoculated with strain K1026 in 2014 and 2016 also 
showed significant reductions in crown gall 
incidence and severity.  Agrobacterium strain 
K1026 can be considered as having good prospects 
of controlling crown gall on stone fruits in the field 
in China.   

SUMMARY 

 Crown gall pathogens (Agrobacterium spp)
were isolated from cherry and peach galls and
from soil in Shandong.  The most common 
pathogens were Agrobacterium rhizogenes.

 All pathogenic A. rhizogenes tested (n = 37)
were sensitive to antibiotics produced by strain
K1026 in vitro and disease caused by each of
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the 37 isolates was completely controlled by 
strain K1026 in a carrot disc bioassay.  

 Significant and substantial reduction in both the
incidence and severity of crown gall was
observed in the field in Shandong, following
inoculation of the highly susceptible ‘Chinese
Cherry’ rootstock with strain K1026.
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Table 1. Effect of treatment with Agrobacterium strain K1026 on crown gall of ‘Chinese Cherry’ cuttings, 
Tai’An Shandong, 2016.  Planted in March 2016; assessed in November 2016 (8 months later).   

TEST 
TREATMENT 

Fresh wt tumours 
per plot (g) 

Fresh wt tumours 
per plant (g) 

% plants with 
zero tumours 

Mean Strain K1026     22.31    3.08 81.9 

Mean Water 181.9 16.41 45.7 

t - test p value 0.104 0.147 0.001 

Wilcoxon Matched-
Pairs Test  

p value 
0.008 0.039 0.008 

Mann-Whitney U 
(Wilcoxon rank sum) 
test 

p value 

0.015 0.028 0.007 
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INTRODUCTION 
Actinobacteria play important roles in soil ecology and 
members of this phylum are known for their ability to 
produce bioactive compounds with applications in 
agricultural, pharmaceutical or industrial sectors. For 
example, this includes metabolites with antibiotic 
properties against other microbes such as 
phytopathogens (1,2). Genome sequencing has revealed 
these bacteria have far greater potential to produce 
bioactive compounds than was previously thought 
based on traditional bioactivity assays (2,3). It is 
predicted that these “undetected” compounds may 
account for up to 90% of Actinobacteria chemical 
potential (1). This vast hidden potential could be tapped 
for the discovery of new biopesticides which are needed 
for the replacement of an increasing number of 
chemical pesticides that have been deregistered owing 
to 1) toxicity, 2) increasing regulation or 3) increased 
incidence of resistance in pathogen, pest and weed 
populations.  

A project was undertaken to screen a 
collection of endophytic Actinobacteria for their ability 
to suppress representative root or foliar fungal, 
necrotrophic phytopathogens for which no or limited 
host resistance has been described. These were the 
broad host range pathogens Rhizoctonia solani and 
Sclerotinia sclerotiorum; causal agents of Rhizoctonia 
root and hypocotyl rot and Sclerotinia stem rot 
respectively. Based on these studies, the genomes of a 
selection of Actinobacteria isolates were sequenced and 
candidate biosynthetic gene clusters were predicted for 
comparative analysis. 

MATERIALS AND METHODS 
Actinobacteria isolation and in vitro screens for 
antifungal activity: 
Endophytic Actinobacteria were isolated from the roots 
of healthy wheat plants growing in areas of fields known 
to consistently perform well in terms of plant health and 
grain yield (4). Isolates were screened for suppression of 
fungal growth in in vitro competition tests as described 
previously (4,5). A subset of twenty isolates were 
selected for this study. 
Actinobacteria genome sequencing: 
DNA extractions and whole genome sequencing was 
conducted as described previously (6) using Illumina 
TruSeq libraries sequenced using 150-bp paired-end 
reads on an Illumina MiSeq instrument by the Australian 
Genome Research Facility (AGRF), Melbourne, Australia. 
Reads were assessed for quality, trimmed, sorted and 
overlapping reads merged before de novo assembly (6). 
Contigs less than 1000bp were removed.  

RESULTS AND DISCUSSION 
In vitro assays for inhibition of fungal growth identified a 
broad range in efficacies (Figure 1). Strains MH243, 
MH71, MH191 and MH192 showed strong activity 

against both R. solani and S. sclerotiorum isolates. 
Others, such as MH33 and MH111, displayed activity 
that was more specific to one pathogen type. 

Figure 1. Heat map of in vitro antifungal activity of 

Actinobacteria strains against two R. solani and two S. 

sclerotiorum isolates. Percentage growth inhibition is depicted 

in grey scale as indicated. 

Whole genome sequencing of the highest efficacy 
strains MH243, MH71, MH191 and MH192 was 
conducted alongside strains with pathogen specific or 
low activity for a comparative analysis. These were 
strains MH33, MH99, 66b and 111WW2. Prediction of 
secondary metabolite clusters by antiSMASH (7) 
suggested the high efficacy strains encode greater 
chemical potential than the low efficacy stains (Table 1). 
This included the potential to produce a greater 
diversity of nonribosomal peptide synthetase and 
polyketide synthase derived compounds. Several of 
these predicted biosynthetic gene clusters showed little 
or no similarity to known clusters suggesting new 
compounds may be discovered. 

Table 1. Distribution of biosynthetic gene clusters (BCGs) from 
genomes of selected Actinobacteria strains. BCGs are named 
based on bioinformatics predictions (Lan, lantibiotic; NPRS, 
nonribosomal peptide synthetase; PKS, polyketide synthase; 
PKS/NPRS, hybrid; Sid, siderophore; Terp, terpene). 
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MH243 2 6 18 - 3 9 13 

MH71 1 6 16 - 3 9 15 

MH33 1 7 3 1 1 4 4 

MH191 1 3 4 1 3 5 6 

MH192 1 3 3 1 3 6 6 

66b 1 8 2 - - 1 6 
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111WW2 2 3 4 1 3 4 9 

MH99 2 1 3 1 1 4 3 

SUMMARY 

 Coupling traditional bioactivity screens with whole
genome sequencing facilitated the discovery of
diverse chemical potential within Actinobacteria
strains.

 Genome sequencing can quickly and cost effectively
determine chemical potential to limit the
rediscovery of known compounds and facilitate the
discovery of new compound leads.

 Metabolomics and transcriptomics approaches will
be coupled with the genomics outputs described
here to identify potentially new antifungal
secondary metabolites for biofungicide applications.
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INTRODUCTION 
Plant growth is influenced by a combination of genotype, 
environment and management factors. Balancing and 
improving soil fertility is one of the main factors in 
enhancing plant growth and yield. The intensive 
cultivation of crops that depends on chemical fertilizers 
and pesticides have led to the decrease in soil fertility 
and deteriorating soil health (1). Moreover, towards a 
sustainable agricultural vision, crops produced need to 
be equipped with disease resistance, salt tolerance, 
drought tolerance, heavy metal stress tolerance, and 
better nutritional value. To fulfil the above desired crop 
properties, one possibility is to use soil microorganisms 
that increase the nutrient uptake capacity and water use 
efficiency (2,3). Among these potential soil 
microorganisms, plant growth promoting rhizobacteria 
(PGPR) are the most promising to enhance plant health 
and promote plant growth rate without environmental 
contamination (4).  

MATERIALS AND METHODS 
Plant material and physicochemical properties of soils: 
Two varieties of wheat (WH 1105 and HD 2733) were 
chosen to assess the response of wheat towards the 
consortium of bacterial strain containing 1-
Aminocyclopropane-1-carboxylate (ACC) deaminase 
activity along with other plant growth promoting 
characteristics under field conditions. Surface soil (0-20 
cm), collected from Breeder Seed Production Centre, 
GBPUA&T Pantnagar were analysed for various 
physicochemical parameters (pH 7.26, OC 1.36%, N 
261.61 kg/ha, P 18.57 kg/ha, K 230.72 Kg/ha).  
Experimental detail: 
Seven consortium of bacterial strain were evaluated for 
their plant growth promoting ability through seed 
priming into the two wheat varieties WH 1105 and HD 
2733 under organic field conditions. The experiment was 
carried out during kharif season of 2015-2016 and the 
experiment was performed in a randomized block design 
(RBD) with three replicates (n=3) and eight treatments 
(T1 to T8). 
Statistical analyses: 
 All data were statistically analyzed using analysis of 
variance (ANOVA) at significant level of p≤ 0.05. 
Different letters denote significant differences among 
treatments (including control) in two varieties. 

RESULTS AND DISCUSSION 
Out of eight treatments, the treatment T7 (a 
combination of Ochrobactrum anthropi DPC9, 
Pseudomonas palleroniana DPB13, Pseudomonas 
fluorescens DPB15, Pseudomonas palleroniana DPB16, 
termed as OPPP for short) showed most promising 
results as compared to other treatments over control. All 
the selected strain in consortium of T7 showed plant 
growth promoting (PGP) traits such as ACC deaminase, 
indole acetic production, siderophore production and 

phosphate solubilization. The results of the study 
indicated that irrespective of treatments, both the 
varieties exhibited significant differences for plant 
height, total tillers, grains/spike, 1000 grain weight and 
grain yield. Irrespective of varieties, the OPPP treated 
plants significantly increased the yield contributing 
parameters- 1000 grain weight (29.9%), grain yield 
(42.7%), straw yield (26.9%) and harvest index (12.1%) of 
wheat as compared to the non-inoculated plants (Figure 
1). In addition, OPPP treated plants also showed 
significant positive changes in the nitrogen (1.97%), 
phosphorus (1.44%) and potassium (1.04%) content as 
compared to non-inoculated plants. Overall, OPPP 
application exerted a significant influence on wheat 
growth parameters, enhanced nutrient availability and 
acquisition, and also supports the health of plants.  

Figure 1. Effect of bacterial consortium inoculation containing 
ACC deaminase on 1000 grain weight (g), grain yield (ton/ha), 
straw yield (ton/ha) and harvest index (%) of two varieties of 
wheat (viz. WH 1105 and HD 2733) under field conditions. (A) 
Varietal effect, irrespective of PGPB (B) PGPB effect, 
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irrespective of varieties. Values with different letters (a-e) are 
significantly different at p <0.05 

In our study, the average higher wheat grain and straw 
yield was obtained in the OPPP treated plants. This 
might be due to the ability of PGPB colonizing the root 
hairs, cortical cells and enhanced root surface area and 
consequently more acquisition of nutrient as well as 
plant hormones (5). It indicates that combined 
inoculation showed better results whenever there is a 
synergistic relationship between the microbes (6). It has 
also been reported that single inoculation with B. 
megaterium M3 increased grain yield by 19%, while a 
mixed inoculation with Bacillus subtilis OSU-142, B. 
megaterium M3, or Azospirillum brasilense Sp245 
increased grain yield by 33% relative to non-inoculated 
plants (6). Our results also are in agreements with those 
obtained by Kumar et al. (7). They showed the effect of 
PGPRs on the growth and yield of wheat in response to 
triple combination of A. chlorophenolicus + B. 
megaterium + Enterobacter significantly increased test 
weight, grain yield and straw yield by 17.6%, 27.5 and 
29.5 respectively, under field conditions. The results 
obtained in the present study, with respect to N, P and K 
are in agreement with those of several other researchers 
stating that the bacterial consortia treated plants 
showed higher nutrient uptake than the untreated in 
several agricultural crops (8). 

SUMMARY 
• Consortium of OPPP has the ability to produce
siderophores, IAA, and solubilize inorganic phosphate 
together with ACC deaminase activity; this is thought to
be supportive for better nutrient contents and plant
growth stimulation.
• OPPP treated plants showed significant effect on the
average 1000 grain weight (40.8 g), grain yield (6.54
ton/ha), straw yield (6.45 ton/ha) and harvest index
(50.3%) of wheat as compared to other treatments over
control plants.
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INTRODUCTION 
In order to maintain sustainable and productive farming 
systems, we need to understand the current biological 
status of our soils to help growers make more informed 
choices about management practices that will improve the 
health of their soils. 

Nematode communities are a useful indicator of a 
soil’s biological status, as their composition reflects changes 
in the structure and function of the soil biology and the 
physical and chemical environment in response to inputs 
and disturbances (1).Traditional morphological nematode 
community analyses are laborious, require specialised skills 
and have limited sample throughput. Molecular methods 
provide an alternative to traditional identification for rapid, 
routine and high throughput nematode assessment to 
species level at low cost.  
In this study quantitative real time PCR (qPCR) tests were 
designed to quantify the main free living (FLN) nematode 
genera present in Australian grain-growing soils. These, in 
addition to existing plant parasitic qPCR tests, were used to 
perform nematode community analysis through the 
commercial PREDICTA B soil testing service to provide 
information on biological soil health of Australian grain-
growing soils. Growers can use these tests to monitor how 
management changes within a paddock and across seasons 
impacts soil biology and to benchmark the ‘soil health’ of a 
paddock against other paddocks in their region. 

The study utilised two large soil sample datasets 
to: i) investigate the impact of management practices and 
environmental effects on nematode communities and ii) 
investigate the best way to report the nematode 
community qPCR results to reflect the biological soil health 
of analysed soil samples.  

METHODS 
FLN DNA Test Development 
Between 2011 and 2013, 450 pre sowing soil samples from 
22 sites were collected from field trials across Australia 
from a range of soil types, rainfall regions and management 
practices. Soils were sub sampled for morphological 
analysis, nematode sequencing and DNA extraction by 
SARDI. Nematodes were extracted from the soil using the 
Whitehead (2) tray method and fixed, and a sample of 100-
150 randomly-selected specimens were identified to the 
family or generic level (40 groups) based on classical 
morphological characteristics.  

A Similarity Percentage analysis was performed 
using the software PRIMER 6.0.2 (3) to identify key 
indicator taxa (genera/families) which were prioritised as 
targets for qPCR assay development. 

Over 100 nematodes were extracted from the 
collected soil and DNA was extracted from single 
nematodes. A 600bp region of the 18s ribosomal gene was 

amplified and sequenced for primer and probe design. 
Fifteen qPCR assays were developed to cover the fourteen 
FLN taxa spanning nine genera/families identified as key 
indicators. Specificity and sensitivity of primers were 
validated on a reference nematode collection. 

The nematode community analyses determined 
by morphological and qPCR methods were compared using 
statistical tests including linear regressions and multivariate 
methods to compare the pattern of differences in the 
nematode communities overall and in selected land 
management practices. 

Impact of Environment and Management on Nematode 
Community Analysis and Soil Biology Rating Development 
The National Paddock Survey (NPS) soil database includes 
pre sowing soil samples collected from two production 
zones in 250 paddocks nationally over a four year period 
(2015-2018). DNA was extracted from these samples and 
nematode community analysis performed using the qPCR 
tests. A large amount of crop performance, management 
and environmental data accompanies each soil sample. 

Multivariate data analysis using the software 
PRIMER 7.0.10 (3) was performed on the NPS dataset and 
the SARDI soil dataset to determine the impact of 
environmental and management practices on nematode 
community structures. A BEST analysis performed on the 
entire dataset identified variables that “best explained" the 
changes in the nematode community patterns.  A Similarity 
Percentage analysis identified the relative contribution and 
average abundance of each nematode group within and 
between variables. Non parametric multidimensional 
scaling was used to visualize the relationships between the 
different treatments. 

These datasets are currently being utilised to 
develop a method of condensing the nematode community 
qPCR results into an overall soil biology rating for each 
submitted sample to be conveyed on PREDICTA B reports. 
The investigation of the impact of environmental factors 
(season, soil type, rainfall) will determine at what level 
ratings will need to be reported (national, regional, soil 
type) and agronomy practices identified to improve soil 
biology in certain environments could be reported as 
management recommendations. 

RESULTS AND DISCUSSION 
FLN DNA Test Development 
From the 40 genera/families identified morphologically, 20 
nematode genera were identified as being key indicators. 
Fourteen were prioritized as targets for qPCR assay 
development and fifteen individual tests were designed to 
capture the indicators (Table 1). Some of the tests cover 
multiple nematode groups.  
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The assessment of individual qPCR tests showed 
that all of the designed tests could detect their target taxa. 
The overall pattern of differences between nematode 
communities assessed using the qPCR method compared to 
the morphological method showed a highly significant 
positive correlation between the two data sets providing 
strong evidence that the qPCR tests provide a quantitatively 
similar description of the nematode communities to that 
obtained using manual morphological analyses. In addition, 
the PERMANOVA analysis showed that the qPCR assays 
were able to identify the same significant differences 
between and within the management practices and 
environmental variables as identified by the morphological 
analyses. 

Table 1 Free-living nematode quantitative PCR assays  
designed in the 18s ribosomal RNA region 

Impact of Environment and Management Practices on Soil 
Biology using Nematode Community Analysis  

 Nematode community analysis on the collected 
soil samples identified that some managements changed 
nematode composition while others had less impact. 

Inputs of organic matter (20 t ha
-1

) large enough 
to significantly improve a soil’s organic carbon status and 
increase levels of N, P and K, changed the composition of 
the soil nematode community.  The most significant effects 
were greater numbers of total free-living nematodes and an 
increase in abundance of Panagrolaimidae, Rhabditidae, 
Dorylaimida.  Such a result was not unexpected, as these 
bacterivorous nematodes are enrichment opportunists and 
respond to organic inputs. 

Tillage effects were inconsistent, as components 
of the nematode community responded in different ways in 
different soil types. However generally, but not always, 
there was a trophic shift towards bacterivorous nematodes. 
Some Dorylaimida genera appeared to be directly sensitive 
to tillage while others increased in tilled treatments. These 
inconsistent tillage effects suggest that factors such as soil 
type, soil moisture, the amount of soil organic matter, the 
timing of the tillage event and the type of tillage implement 
used all play a role in determining whether tillage produces 
changes in nematode community structure.  

Rotation effects were observed with the inclusion 
of pulses and pastures in a cereal rotation. The increase in 
bacterivorous nematodes, particularly Rhabditinae and 
Panagrolaimidae, with the inclusion of field peas, chickpeas 
may be due to the increased amount of nitrogen fixing 
bacteria and rhizosphere-inhabiting bacteria resulting in 
higher nitrogen enrichment and more rapid nutrient 
cycling.  

The addition of N, P & K at district practice rates 
caused an increase of Dorylaimida, Rhabditinae and in PPN, 

probably due to the larger plant root systems and microbial 
biomass increases. Interestingly, the addition of higher 
rates of N (>90 kg h-1) caused a decrease of Dorylaimida 
suggesting these FLN are contact sensitive to higher 
nutrient rates.  

Environmental factors, particularly agro ecological 
regions (Fig. 1) driven by rainfall and soil texture had a 
much greater effect on soil nematode communities than 
crop or soil management practices. Our results clearly 
indicated that climatic factors were having major effects on 
the size and composition of nematode communities 
because when sites were sampled in more than one year, 
the differences observed between years were often greater 
than any treatment differences. The strong seasonal and 
soil textural effects suggest biological soil health ratings will 
only be relevant at a regional level and will have to be 
reported for specific soil types.  

Fig. 1. Non-metric multidimensional scaling ordinations of 
nematode communities in the different agro ecological regions in 
the NPS dataset  

SUMMARY 

 15 FLN DNA tests were designed to rapidly and 
reliably assess nematode communities 

 Several managements influence nematode 
communities
o Inputs of organic matter that improve C levels 

improved soil biology
o Tillage sometimes, but not always, produced 

bacterial dominated soils
o Inclusion of pulses increased bacterivorous 

nematodes, particularly Rhabditinae and 
Panagrolaimidae

o Nitrogenous fertilizer had negative effects on 
omnivorous nematodes at high rates

 Regional factors (rainfall and soil texture) had a much 
greater effect on nematode communities than 
management practices. Thus to use nematode 
community analyses to provide biological soil health 
ratings, results will be reported at regional levels
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qPCR Assay Feeding Group Classification 

Dorylaimida Omnivore Order 
Mononchida Predator Order 
Aphelenchidae Fungivore Family 
Aphelenchoididae Fungivore Family 
Cephalobidae Bacterivore Family 
Mesorhabditinae Bacterivore Sub family 
Rhabditinae  
Group 1 & 2 

Bacterivore Sub family 

Panagrolaimidae Bacterivore Family 
Tylenchinae  
Groups 1 to 6 

Plant Associate Sub family 
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INTRODUCTION 
Bread wheat, Triticum aestivum L. is a major staple food 
for the world’s population. The cereal cyst nematode, 
Heterodera filipjevi is a soil-dwelling phytoparasitic 
nematode worldwide, which has a wider distribution 
than other species in Iran. The aim of this study was to 
search for a new source of resistance against the cereal 
cyst nematode, H. filipjevi in a collection of 43 irrigated 
and rainfed wheat accessions.  

MATERIALS AND METHODS 
Glasshouse experiments: Sterilized potting mixture of 
sand, field soil and organic matter (40:30:30, v/v/v) was 
poured in 200 ml glass racks for 47 wheat accessions. 
One germinated seed was planted per rack and plants 
were organized in a completely randomized design. Each 
plant was inoculated with 1000 freshly hatched second-
stage juveniles (J2) of H. filipjevi. Two months later, 
females and cysts from the roots and soil were captured 
on a 250 μm sieve and counted under a 
stereomicroscope. The roots were further checked for 
females and cysts that had not been dislodged during 
the washing process. The host status of the tested wheat 
accessions was determined and categorized into five 
groups based on mean number of females and cysts 
present per plant. 
Field experiments: 43 wheat accessions seeds were 
sown in an infested field end of November 2015. For 
each variety 30 plants  were carefully collected 1 month 
before harvest, keeping intact as much of the root 
systems as possible. Roots were freed of soil using a 
gentle stream of tap water over a 60-mesh sieve. The 
clean roots were examined for the presence of white 
females. Harvesting took place at the end of June 2016. 
To determine the total numbers of the white females 
and brown cysts, root and soil samples were taken from 
each replicate and examined for the presence of adults 
using a stereomicroscope, as was done for glasshouse 
samples. 
 DNA extraction and SSR analysis: The genetic diversity 
of 43 cultivars was assessed using simple sequence 
repeat (SSR) marker. Genomic DNA was isolated from 
young leaf tissue of 2-week-old seedlings (one individual 
for each accession) using the DNA extraction kit (RNA 
Biotechnology Company, Iran). The quality of the 
extracted DNA was checked using agarose gel 
electrophoresis and by  spectrophotometry. PCR 
reaction contained 50-100 ng template  DNA, 250 nM 
forward primer, 250 nM  reverse primer, 0.2 mM  dNTPs, 
12.5 μl PCR Master Mix (2×) in a total  volume of 25 μl. 
Seven pairs of primers were used to amplify segments of 
various Cre genes from wheat genotypes. 
         To amplify the Cre3 and catalase (Cat) sequences, a 
cultivar was selected from each cluster, according to the 
dendrogram obtained from the SSR markers, including 
‘Pishtaz’ (moderately resistant; MR), ‘Sirvan’ 

(moderately susceptible; MS), ‘Back Cross Roshan’ 
(susceptible; S), ‘Ohadi’ and ‘Homa’ (highly susceptible; 
HS). 
Gene expression: Change in Cre3 gene and peroxidase 
enzyme (TaPrx111 and TaPrx112) activity in response to 
H. filipjevi attack was studied in roots of 8 wheat
accessions. Then the expression rate of Cre3, TaPrx111
and TaPrx112 genes was examined using Real Time PCR
technique, in 3 independent replicates.

RESULTS AND DISCUSSION 
Screening wheat accessions for resistance to CCN: 
The screening of wheat accessions resulted in identifying 
the cultivars as resistant, moderately resistant, 
moderately susceptible, susceptible and highly 
susceptible to H. filipjevi. The infection rate and the 
number of females and cysts per plant were significantly 
lower in the resistant accession cvs Bam and Behrang 
and three moderately resistant accessions Bahar, Parsi, 
Pishtaz and few others compared to susceptible control 
cv. Back Cross Roshan respectively. There was 30% more
H. filipjevi infection in rainfed cultivars in comparison to
irrigated accessions. The regression analysis revealed no
correlation between the total cyst numbers and number
of eggs and second instar juveniles J2 in all wheat
accessions, which indicates that, in addition to cyst, eggs
and second instar juveniles are to be taken into
consideration for resistance screening. This study has
identified two resistant wheat accessions offering new
material in crop nematode management program and 
for transferring resistance genes to desirable wheat
cultivars to H. filipjevi. Several studies have shown
differential reactions of H. filipjevi populations to
putative resistant cereal germplasm (8).

Screening wheat accessions for Cre genes: Seven 
primers were used, out of which five primers showed 
polymorphisms. Alleles per primer varied from 1-3 per 
locus (mean 2.85). The highest and lowest Polymorphic 
Information Content of 0.81 and 0.44 (mean 0.66) were 
related to Xgwm 3012DL and Xgwm147, respectively. 
Genetic similarity was 29-88% between accessions. SSR 
analysis divided the accessions into five main groups 
(Fig. 1). Resistant cultivars ‘Bam’ and ‘Behrang’ 
possessed both Cre1 and Cre8 resistant genes. Imren et 
al. (2013; 2) and Smiley et al. (2017; 5) reported that the 
Cre1 gene is the only one that conferred complete 
resistance against the three main CCN species, H. 
filipjevi, H. avenae and H. latipons, whereas Cre3 and 
Cre7 conferred resistance to H. avenae and H. latipons 
and CreR to H. filipjevi and H. latipons (2). In contrast, 
Cre8 only conferred resistance to H. filipjevi population 
and Cre2 did not confer resistance to any CCN 
populations.  

The Cre3 and Cat genes were partially sequenced in 
five cultivars of different responses to H. filipjevi. The 
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nucleotide sequences were compared to Cre3 and Cat 
homologues, indicating 93 to 100% and 86 to 92% 
homology, respectively. The MEGA program showed 
highest similarity of Cre3 and Cat genes amplified with 
the resistance gene analogues (RGA14) in wheat and 
Cat3-A1 gene in ‘Carnamah’. This research showed that 
SRR markers can efficiently assess the genetic diversity 
between wheat accessions, and that the known 
resistance genes (Cre genes) against the cereal cyst 
nematodes cannot control the H. filipjevi Isfahan 
pathotype populations, except for the Cre1 gene. 

Figure 1. Dendrogram of 43 resistant and susceptible bread 
wheat cultivars to CCN by all SSR primer pairs. This tree was 
constructed using the NTSYS with U. The data were analyzed 
using the SIMQUAL routine to generate Jacquard similarity 
coefficients that were used to construct the dendrogram by 
UPGMA algorithm using the Numerical Taxonomy and 
Multivariate Analysis System (NTSYS), version 2.1 (Rohlf, 2002). 
UPGMA algorithm. 

The results on gene expression indicated that the 
expression rate in the leaves of the plants treated with 
the H. filipjevi Isfahan pathotype was increasing, and 
showed a significant difference with the control samples 
at 1% level. In sixth and seventh weeks, expression of 
the Cre3 gene increased 8.88 and 9.77 times 
respectively; that of TaPrx111 gene, 3.74 and 5.93 times, 
and TaPrx112 gene 16.4 and 11.6 times. The results of 
analysis of variance of gene expression in the root 
showed that there was a significant difference between 
the treatments with infected to H. filipjevi Isfahan 
pathotype and control (Fig. 2). Expression of Cre3, 
TaPrx111 and TaPrx112 genes occurred by 32.6, 20 and 
8.18 times four days after inoculation with the 
nematode in comparison to the control ones 
respectively. Whereas, seven days after inoculation the 
increase for each gene was 15.98, 5.93 and 16.59 times 
respectively. Also, the expression level in resistant 
cultivars was higher in the leaves and roots than in 
moderately susceptible and susceptible cultivars 
significantly. 

Previous studies from our group (1,2,3,4) 
demonstrated that cyst nematode infection enhances 
PRX, esterase (EST), and superoxide dismutase (SOD) 
activity in wheat roots carrying Crel, Cre5, or Crel 
resistance genes. The highest response was found in the 
PRX system. More recently, we have identified three 
groups of PRX genes greatly induced by the CCN H. 
avenae in a resistant wheat line carrying the Crel gene 
(6), which was accompanied by an increase in H2O2 
synthesis (7). 

Figure 2. Percent activity and transcript levels of Cre3, 
TaPrx111, TaPrx112 genes in roots of different wheat accession 
in the treatment with nematode and control samples. 

SUMMARY 

 The aim of this study was to search for a new source
of resistance against the cereal cyst nematode, H. 
filipjevi in a collection of 43 irrigated and rainfed
wheat accessions.

 This study has identified two resistant wheat
accessions offering new material in crop nematode
management program and for transferring
resistance genes to desirable wheat cultivars to H.
filipjevi.

 The results on gene expression indicated that the
expression rate in the leaves of the plants treated
with the H. filipjevi Isfahan pathotype was increasing,
and showed a significant difference with the control
samples at 1% level.
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INTRODUCTION 
Attraction of the infective agent (zoospores) to a host is 
critical in establishing successful infection and 
subsequent disease. In the case of the soil-borne 
plasmodiophorid pathogen, Spongospora subterranea, 
which causes root disease and powdery scab of potato 
the production of root exudates is known to stimulate 
zoospore release from resting spores (1) and is 
suspected to also encourage zoospore movement to the 
root hair region by chemotactic attraction (2, 3). In this 
paper, we present results confirming the role of root 
exudates and individual chemical components on 
chemotactic attraction of zoospores using a modified 
capillary tube setup. We discuss the importance of these 
compounds in relation to better understanding 
pathogenesis and potential disease control.  

MATERIALS AND METHODS 
Modified capillary tube experiments with root exudate 
components: Crude root exudate and a selection of 
individual components of potato root exudates 
previously identified (1) were tested for their ability to 
attract zoospores. A modified capillary tube was filled 
with a suspension of each test compound, sealed at one 
end, and mounted beneath a cover slip (4). Zoospores of 
Spongospora subterranea were activated in water (5, 6) 
and a drop of the zoospore suspension was placed at the 
open end of the capillary tube. After incubation for 5h at 
room temperature the number of zoospores that had 
migrated into the capillary tube were counted using light 
microscopy. There was at least six biological replicates of 
each treatment compound. Count data were normalised 
based on ratio of numbers attracted over total present 
and statistical analyses conducted using GenStat (VSN 
Intl. Ltd). 

RESULTS AND DISCUSSION 
The crude root exudate and several individual 
compounds were shown to significantly attract 
zoospores compared to the water controls (Figure 1). For 
example, crude root exudates, glutamine and proline 
attracted 3-fold greater zoospores numbers (P < 0.05) 
than water. The positive chemotactic response of 
glutamine is analogous to its stimulatory response in 
increasing resting spore germination (1). Some 
compounds, such as citric acid and malic acid produced 
lower levels of attraction than the water control (Figure 
1). Both of these compounds also failed to stimulate 
resting spore germination (3).  

While the results are preliminary and work is 
ongoing to identify further specific individual 
components that promote zoospore chemotactic 
attraction, this knowledge increases our understanding 
of the chemical interplay between pathogen and host in 
this pathosystem and suggests possible novel 
intervention strategies for disease control.  

Figure 1. Zoospore numbers (normalized) attracted to root 
exudates and individual compounds after 5h incubation. 

SUMMARY 

 We have provided empirical evidence that S.
subterranea zoospores are chemotactically attracted
by plant root exudates.

 Individual components of root exudates show
variation in their ability to attract Spongospora
zoospores.

 Manipulation of host plant root exudation and/or
chemical signals in the soil environment may provide
novel opportunities for disease control.
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INTRODUCTION 
Crown rot, caused by the fungus Fusarium 
pseudograminearum, has been one of the major 
diseases of cereals in Australia and is estimated to result 
in annual wheat and barley production losses across the 
country of $97 million (1, 2). A 2017 survey in Western 
Australia’s Eastern wheatbelt (3) identified crown rot as 
one of the most prevalent soilborne diseases in the 
region. 

The Eastern wheatbelt of WA is a low rainfall 
region with an average growing season rainfall between 
188–228 mm (4). The environmental conditions are 
conducive to crown rot expression in a high frequency of 
years and in 2017, crown rot was observed in numerous 
research trials across the region. Data on the presence 
of soil pathogens is often not collected in agronomic 
trials as it is not the primary focus of the research study.  
Failure to collect this data represents a lost opportunity 
to value add to the research investment by obtaining 
additional observations that may have an impact on the 
trial or explain why results may differ from expected.  

Grains Research and Development 
Corporation (GRDC) and DPIRD have invested in the 
‘Building crop protection and crop production agronomy 
capacity in regional Western Australia’ project 
(DAW00256), which has established a network of crop 
protection agronomists across the five WA regional port 
zones, increasing capacity to address priority crop 
protection R&D issues at the local level. 

The Merredin and District Farm Improvement 
Group (MADFIG) established a series of trials in 2015 – 
2017 to investigate performance of new or soon to be 
released barley varieties under different nutrition 
strategies. These ‘yardstick’ trials were designed to 
determine the income foregone if growers use decile 
one season/low budget fertiliser inputs and the season 
turns out to be a ‘better’ season. The results from the 
three years of trials provided guidance for variety 
selection and nutrition strategy decisions in different 
seasonal conditions.  

Prior to harvest, observation of the 2017 
yardstick trial identified that there was crown rot across 
the sites.   

Previously, increased nitrogen (N) levels have 
been correlated with increased crown rot incidence and 
severity in both wheat and barley (5, 6, Simpfendorfer, 
S, NSW DPI, personal comm.) The crown rot conducive 
season in 2017 and collaboration with MADFIG provided 
an opportunity to investigate the effects of common 
district nutrient packages on crown rot levels.  

MATERIALS AND METHODS 
Yardstick demonstration: 
Randomised complete block design plot trials with three 
replications were established for barley adjacent to the 
Merredin barley National Variety Trials (NVTs) on a clay 
loam site in 2017 (7).  

2017 Treatments  
Six barley varieties: La Trobe, Scope CL, Compass, 
Fathom, Spartacus CL, and Rosalind.  
Four nutrition treatments representing various district 
fertiliser strategies: 
Decile 1:   0 P, 0 N kg/ha 
Decile 4-5: 10 N, 5 P kg/ha at seeding 
Decile 7-8: 30 N, 5 P kg/ha at seeding 
Play the season: 30 N, 5 P kg/ha at seeding and 20 N 

kg/ha post emergent  

Disease levels: 
Background pathogen levels of the paddock were 
determined in season (June 2017) by PREDICTA B testing 
using the South Australian Research and Development 
Institute (SARDI) protocol without the addition of 
stubble as the paddock was sown to canola in 2016.  
Crown rot scoring: 
A minimum of 25 plant stubble pulls were performed in 
each plot at post-harvest. Crowns were scored using the 
0–3 crown rot rating scale (0= no browning and 3 = 
>6cm of basal browning). ANOVAs were conducted using 
GenStat® 18

th
 Edition statistical software (VSN Intl. Ltd).

RESULTS AND DISCUSSION 
PREDICTA B testing showed that the site had medium 
disease risk levels of crown rot and the root lesion 
nematode, Pratylenchus neglectus. This highlights the 
importance of determining background disease levels 
prior to setting up a trial. 

There were no significant differences in crown 
rot levels between different nutrition strategies (Fig 1). 
The district practice levels of N application in the Eastern 
wheatbelt are not as high as those applied in published 
trials or in other higher rainfall regions of Australia 
where differences have been reported; capturing this 
additional data suggests that eastern wheatbelt district 
practice N rates may not influence crown rot stem 
symptom expression in growers’ paddocks. This is only a 
single season of data in a decile 3 season, further work is 
required to confirm this over a range of seasons and if 
this correlates with yield. Despite this, the work still 
provides valuable insight to growers in the region for N 
application decision making.   

In 2017, higher fertiliser treatments yielded 
less than the nil and decile 4-5 treatments. Disease 
observations suggest that crown rot may not have been 
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the cause of the lower yield in the higher nitrogen 
treatments; however, as there was no nil crown rot 
treatment to compare, this cannot be definitively 
concluded from the trial. 

Figure 1: The effect of nutrition on crown rot severity. 
Decile 1 =0 P, 0 N kg/ha; Decile 4-5= 10 N, 5 P kg/ha at seeding; 
Decile 7-8= 30 N, 5 P kg/ha at seeding; Play the season= 30 N, 5 
P kg/ha at seeding and 20 N kg/ha post emergent.  

Varieties differed in severity of crown rot, with 
Scope CL having significantly lower, and Fathom 
significantly higher crown rot severity than the other 
varieties (Fig 2). Despite varieties differing in their crown 
rot severity, the lowest crown rot severity score was not 
the highest yielding variety (Fathom; 7). This confirms 
previous research in Merredin during the conducive 
season of 2014, where Scope CL was found to have the 
lowest disease score while Compass and La Trobe 
intermediate, and Fathom the highest disease score 
(Hüberli D., DAFWA personal comm.). 

Figure 2: The effect of barley variety on crown rot severity. 

This study is an example of collaborative effort 
between researchers, agribusiness, growers and grower 
groups to capture additional information on disease 
incidence from a wide range of farming system 
experiments across cropping regions in WA.  

SUMMARY 

 Having regionally based R&D capacity increases the
ability to collaborate and opportunistically capture
data from other trials.

 In 2017, crown rot severity in a local variety 
agronomy trial was not influenced by nutrition
strategy.

 Crown rot severity was greatest in Fathom, but was
significantly lower in Scope CL.
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INTRODUCTION 
Macrophomina phaseolina, a soil-borne fungus, causes a 
crown rot disease in strawberry plants called charcoal 
rot. Charcoal rot is a devastating disease of strawberry 
(1). It is growing in importance in Australia as the 
pathogen has been reported to cause serious economic 
losses in Queensland and Victorian strawberry farms (2). 
The disease has also been reported in commercial farms 
in Western Australia (3). The three states combine to 
produce 88% of strawberry fruit in Australia, with the 
national production valued at up to $506 million (4). 

Commercial strawberries are grown mainly by 
open-field production and common industry practice is 
to incorporate plants back into the soil at the end of the 
cropping season. In bean crop residues, M. phaseolina 
was recovered after 21 months buried in soil (5). The 
pathogen can survive in corn and sorghum stalks for 18 
and 16 months, respectively (6). The ploughing of bean 
crop debris does not control charcoal rot in the 
subsequent crop (5). There is little information on the 
survival of M. phaseolina in strawberry crop residue.  

In order to develop management practices to 
minimise incidence of charcoal rot, the survival of the 
pathogen in infected strawberry crop debris in the soil 
was investigated. In this paper, we report on the 
preliminary results of a six month study and the 
implications to open-field production of strawberry in 
Australia.  

MATERIALS AND METHODS 
M. phaseolina isolate:
M. phaseolina isolate N18924 from the fungal isolate
collection at Maroochy Research Facility (MRF),
Nambour, Queensland, was used for this experiment.
The isolate was recovered from strawberry plants which
had wilted and showed necrosis in the crowns from a
commercial farm in Glenview, Queensland.
Inoculum preparation:
The isolate was retrieved from storage by sub-culturing
on twenty plates of potato dextrose agar (PDA)
amended with streptomycin. The plates were placed in 
near-UV light incubator at 24˚C. After three weeks, the 
PDA with M. phaseolina microsclerotia was blended to
produce an inoculum suspension. Pathogen-tested
transplants of strawberry (cv. Albion) were grown in pots
containing a pasteurised sand and peat mix (50:50) for 6
months in a shadehouse. Two hundred and twenty of
these plants were inoculated with M. phaseolina by
drenching the potting media with 50ml of the inoculum
suspension and placed in a glasshouse. After eight
weeks, infected crowns were collected by removing the
potting mix, and trimming wilted plant parts and roots 
from the crown section of each plant. One hundred
whole crowns were individually placed in onion bags 
(Fig. 1). A further one hundred crowns were first cut in 

half longitudinally (Fig. 1) before being placed 
individually in onion bags. Twenty crowns were tested 
prior to the experiment and M. phaseolina was isolated 
from 100% of the samples. 
Experimental design: 
A 2m x 1m field plot was used for the experiment 
conducted at MRF and took place from October to 
March, approximately the off-season period for winter 
production in Queensland. Whole crowns and cut 
crowns in onion bags were buried in a randomised 
design. A total of two hundred bags were buried at 10cm 
depth and 10cm apart. Ten onion bags with whole 
crowns and ten onion bags with cut crowns were 
collected randomly at each sampling time. Samples were 
collected at fortnightly intervals for up to four months, 
and at monthly intervals thereafter. The recovery of 
M. phaseolina from the crowns was recorded over time.
Testing for presence of M. phaseolina: 
Crown samples were washed, sterilised and isolated in
the laboratory, as per techniques described by Hutton et
al. (2). Diseased crown tissues were placed in quarter-
strength potato dextrose agar amended with
streptomycin sulphate and placed in an incubator at
room temperature. Cultures were incubated for seven
days. Isolates were recorded for presence of M.
phaseolina based on microsclerotia and colony
morphology (7). 
Statistical analyses: The recovery of the pathogen from
whole and cut crowns at each sampling time was
analysed by ANOVA using Genstat.

RESULTS AND DISCUSSION 
Recovery of M. phaseolina over time: 
Detection of viable M. phaseolina from buried 
strawberry crowns declined over a 6-month period (Fig. 
2). However, the pathogen was still detected in up to 
30% of infected whole crowns and 20% of infected half 
crowns, six months after burial.  

At six weeks after burial, the recovery of M. 
phaseolina from cut crowns was significantly lower than 
from whole crowns. Similar significant differences 
between treatments also occurred at 10 and 12 weeks 
after burial. For all other sampling times, recovery of M. 
phaseolina from whole and cut crowns was not 
significantly different.  
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Figure 1. Infected crown in an onion bag (left); strawberry 
crown cut in half showing discolouration in the crown and 
vascular tissues caused by M. phaseolina (right). 

The survival of M. phaseolina in strawberry 
crowns suggests the wide-spread industry practice of 
incorporating strawberry plants at the end of the season, 
is likely to increase pathogen inoculum in the soil. The 
results also suggest cutting the crowns into pieces may 
reduce the survival of M. phaseolina, and hence is a 
desirable practice. The duration of the interval between 
the end of one crop and planting of new runners for the 
next crop is likely to impact the management strategies 
chosen by growers to control the surviving M. 
phaseolina in strawberry crop debris. In winter 
production the duration could be up to six months, and 
as little as 1-2 months for those producing strawberries 
in summer. A larger field study is planned to further 
investigate the role of infected strawberry crop debris as 
an inoculum source and develop management practices 
for control of charcoal rot. 

Figure 2. Percentage of infected crowns buried at 10cm from 
which M. phaseolina was recovered over a 6-month period 

SUMMARY 

 Incorporation of infected strawberry crop debris may

increase levels of soil borne pathogen M. phaseolina

in open-field strawberry production.

 M. phaseolina remains viable in up to 30% of

infected strawberry crowns after six months buried

in soil.

 Removal of infected crop debris and/or cutting

strawberry crowns (e.g. rotary hoeing) may help

reduce levels of M. phaseolina in soil, and potentially

reduce the incidence of plant death in the 

subsequent strawberry crop.  
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INTRODUCTION 

Beetroot (Beta vulgaris L.) is an herbaceous 
dicotyledonous plant belonging to the Chenopodiaceae 
family. The plant species is indigenous to the 
Mediterranean area, but beets have been widely 
cultivated in temperate regions of the world (5). New 
Zealand is a major seed source of Beetroot/Red beet for 
plant breeders in the global market and supplies about 
50% of the total worldwide beetroot seed production. 
The Mid-Canterbury plains situated in the province of 
Canterbury on the central east coast of the South Island 
is a major seed production region (6). In Mid-
Canterbury, the beetroot seed crop remains in the field 
for about 12 months which increases the possibility of 
attack by various fungal pathogens causing increasing 
yield loss and seed quality problems. 

Although the economic losses attributed to 
fungal pathogens in beetroot seed crop farming in New 
Zealand is not known, reports of the incidence and 
severity of fungal pathogens from various countries 
highlight its importance (2,3,4). It is known that 
pathogenic fungi are responsible for significant losses in 
beetroot seed production (5). Therefore, this research 
will help to address the knowledge gap regarding 
beetroot diseases in New Zealand, their distribution, 
relative importance at various times of the year and 
their levels of aggressiveness. It will also help to 
correctly identify the causal fungal pathogen(s), which 
will enable accurate decision making to better manage 
beetroot disease to avoid yield loss. The major focus of 
this research is to characterize the occurrence and 
distribution of fungal casual agents associated with 
beetroot seed production in New Zealand. 

MATERIALS AND METHODS 

Initially a preliminary study was done in a field site in 
Rakaia, Canterbury, New Zealand to identify the 
occurrence and causal agent of beetroot seed disease 
and to determine the disease progression at different 
times of the year. Six beetroot seed farms (2 open 
pollinated and 4 hybrid seed farms) were surveyed from 
different growing regions in New Zealand, within the 
South Island. Disease samples were collected in early 
2017 before the harvest of the 2016/2017 season. The 
plants tissues collected from the sampling were washed 
in running water to remove soil. After surface 
sterilisation, plant tissues were air dried inside a laminar 
flow hood, then dissected. Initially plant tissue pieces 
(around 5 mm) were placed onto one fifth strength 
potato dextrose agar (1/5 PDA; Difco®) amended with 
streptomycin (5 mg/mL) and penicillin (5 mg/mL), and 
prune agar (100 mL prune extract (50 g of de-stoned 
prune and 1 L boiling water, simmered for 30 min at 
70⁰C), 5 g sucrose, 1 g Bacto™ yeast extract, 30 g agar 
and 900 mL reverse osmosis water). Depending on the 

fungal species recovered, other selective agar specific 
for the suspected fungal species were used for isolation. 
All agar plates were incubated at 20⁰C under 12:12 
photoperiod. The plates were examined every few days 
and fungal colonies growing onto the agar from the 
tissue pieces were sub-cultured onto fresh agar plates 
(Prune Agar or 1/5 PDA). Initially, more than 100 single 
spore isolates were collected from roots, seeds and 
leaves during the survey. Characterisation was made 
using morphological techniques.  

From the initial 100 isolates, 27 fungal isolates 
morphological different were tested for pathogenicity 
against two seed lines (OP 34 and smiths OP16) of in -
vitro grown beetroot seedlings. Beetroot seeds was 
treated with hot water at 57 ⁰C for 20 minutes and then 
germinated in seed germination paper. After 4 days, 4 
healthy seedlings (without any visual disease symptoms) 
were place in square petri disease (120mmx120mm) 
containing 15 ml of 1.5 percentage water ager. The 
seedlings were then inoculated by placing 4 mm agar 

plug of each fungal isolate (grown in 1/5 PDA for 14 

days at 20⁰C (12 hours light and 12 hours dark) at root 
tip of the seedlings. Control seedling were inoculated 
with water agar instead fungal isolate. 6 replicate 
seedling (4 seedling per plate) were set up for each 
treatment and arranged in completely randomised 
design in the incubator at 20⁰C. Disease score was 
recorded after 14-day post inoculation. A disease score 
0-5 was assigned to each seedling based on observable 
disease symptoms, as follows: 0= white turgid roots with 
no visible symptoms (non-pathogenic); 1= light
browning or discoloration of root tissue (non-
pathogenic); 2= darker discoloration (browning) of root 
tissue (weakly pathogenic); 3= root surface lesions
present and/or inhibition of root growth (mildly
pathogenic); 4= systemic root lesioning and necrosis
(pathogenic); 5= complete seedling death (pathogenic).
Data for disease scores were statistically analysed using
ANOVA by GenStat 16 Edition. All means were separated
using Tukey’s Protected Least Significant Difference
(LSD) test at P≤0.05.

RESULTS AND DISCUSSION 

According to the major beetroot seeds growers, fungal 
diseases causing above-ground symptoms and seedling 
damping off are the major problems for growers in New 
Zealand. Initial results indicate that the major 
presumptive fungal pathogens include Phoma betae, 
causing leaf spot, Phoma root rot and seeding damping 
off, and the genera Fusarium spp., Alternaria spp., 
observed as Alternaria leaf spot and Alternaria root rot, 
Uromyces spp., Peronospora spp., Erysiphe spp., 
Stemphylium spp., Botrytis spp. and Cercospora spp.  

The in-vitro screening showed that the 27 
isolates tested varied in pathogenicity from 5 (complete 
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seedling death) to 0 (non-pathogenic) (Table 1). Six 
isolates caused complete seedling death to all test 
seedlings of both plant lines (rating 5). While there were 
some variations in pathogenicity between the seed lines, 
most were no more than one rating different and there 
was no significant interaction (P=0.311) in the combined 
disease score between seed lines. All fungi isolated will 
be identified using a PCR method where the internal 
transcribed spacer (ITS) region will be amplified and 
sequenced. The identification of the pathogenic isolates 
will be critical for determining future management. 

This research is still in progress however this 
result indicates that beetroot industry in New Zealand is 
subject to potential threats from pathogens causing leaf 
spot, root rot and seeding damping. Phoma betae was 
the most common pathogen isolated from leaves, seeds 
and roots and will be investigated in further research.  

Table 1. Level of pathogenicity of the fungal isolates to four 
days old open pollinated beet seedlings of two seed lines 
determined using a Petri plate technique 

Isolate 
Mean disease score on 
beetroot seedlines 

OH34 Smith’s OP 16 

Control 0 l 0 l 
Fusarium spp. 4.5 abc 4.3 abcd 
Fusarium spp. 5 a 5 a 
Fusarium spp. 5 a 5 a 
Fusarium spp. 5 a 4.7 ab 
Fusarium spp. 1.9 fghijk 2.9 cdefghij 
Ilyonectria 
destructans 

3.5 abcdef 
2.7 defghijk 

Mortierella spp. 1 kl 1 kl 
Stemphylium spp. 3.6 abcdef 3.3 abcdefg 
Fusarium spp. 5 a 4.6 abc 
Stemphylium spp. 1.4 ijkl 1.5 ijkl 
Microdochium 
majus 

1.6 hijkl 
1.7 ghijkl 

Fusarium spp. 5 a 5 a 
Epicoccum nigrum 2.7 defghijk 3.3 bcdefgh 
Fusarium spp. 3.9 abcde 4.2 abcd 
Fusarium spp. 4.4 abc 5 a 
Stemphylium spp. 4.1 abcd 3.3 abcdefg 
Fusarium spp. 4 abcd 4.3 abcd 
Fusarium spp. 5 a 5 a 
Phoma betae 5 a 5 a 
Phoma betae 5 a 5 a 
Alternaria spp. 2.7 defghijk 1.3 jkl 
Alternaria spp. 3.9 abcde 2.9 cdefghij 
Phoma betae 4.4 abc 4.3 abcd 
Alternaria spp. 1.9 fghijk 1.1 kl 
Alternaria spp. 4.2 abcd 4.5 abc 
Botrytis spp. 2.3 efghijk 3.4 abcdef 
Botrytis spp. 3.1 bcdefghi 2.7 defghijk 

LSD (P = 0.05) 0.8 
1. Comparisons of combined mean disease score between

isolates were statistically significant (P < 0.001). 

SUMMARY 

 Pathogens causing leaf spot, root rot and seeding
damping were isolated during the field sampling.

 The most common pathogen isolated was Phoma
betae which was isolated from leaves, seeds and
roots at all sampling times and will be investigated in
further research.

 Pathogenicity of the 27 fungal isolates tested varied
with 26 causing some level of disease, but there was
no significant difference in the susceptibility of the
two open pollinated beetroot seed lines (OH34 and
Smiths OP 2016) tested.
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INTRODUCTION 
Globe on a large scale is suffering from the 
consequences of climate change, which is a predicted 
cause of fluctuations in both temperature and 
precipitation levels across the world. According to 
reports, some regions may experience increased levels 
of precipitation while some may suffer more frequent 
and prolonged drought phase during the crop seasons. 
Altogether such factors will have a widespread negative 
effect on agriculture production, leading to food security 
issues (1). Intensive fertilization strategies are able to 
meet the agriculture produce but at the cost of ruining 
the soil health by damaging the micro fauna in the soil 
(2); which can lead to a more chaotic situation in a long 
run. Hence, involvement of sustainable agriculture and 
use of biofertilizers is the need of the hour (3). In the 
present investigation we have evaluated the 
methodology of dual inoculation using arbuscular 
mycorrhizal fungi (AMF) and (ACC) deaminase producing 
plant growth promoting rhizobacteria upon wheat crop 
in two locations of varying altitude and different levels of 
precipitations. Also, the qRT-PCR based relative gene 
expression level of drought responsive genes was 
studied. 

MATERIALS AND METHODS 
Field trial locations: 
Based on the precipitation levels the two locations can 
be categorised as irrigated (BSPC, GBPUAT, Pantnagar, 
Uttarakhand) and rainfed (KVK, Majhera, Almora, 
Uttarakhand) having altitude of 344 and 1000 m.a.s.l. 
respectively.  
Soil properties: 
Soil was sampled from each location trial field in 
replicates of three from a depth of (0-20 cm) dug 
uniformly for all the replicates and was subjected to 
various physicochemical parameters. BSPC, Pantnagar 
soil showed following characteristics (pH- 7.4, P- 20 
kg/ha, N- 260 Kg/ha, K- 230 Kg/ha and % OC- 1.38) while 
soil analysis from KVK, Majhera showed (pH- 6.8, P- 15 
Kg/ha, N- 170 Kg/ha, K- 160 Kg/ha and %OC- 1) 
Experimental details: 
Wheat variety DBW 88 was used for the trial for both 
locations. Rhizophagus intraradices (200 prop/g) was 
used as the AMF treatment and Pseudomonas 
palleroniana (DPB 16) producing 35.3 µM α-KB/mg 
protein/mg protein dry wt. and Bacillus cereus (D) having 
10

8 
cfu/ml was used as bacterial treatment. A total of six

treatments, Control, AMF,D, D+AMF, DPB 16 and DPB 
16+AMF; three replicates per treatment. Experimental 
plots of 4m

2
 sizes were arranged in a randomized block

design pattern. 
Harvesting & Plant analysis: 

Harvesting was done for each plot and data was 
recorded for agronomical parameters. The foliar part 
was subjected to elemental analysis to study the vitality 
and health of the shoot. The elemental analysis was 
done for N, P, K & Ca for all treatments and for all the 
plots. The Harvest index was calculated using the 
following relation: 

qRT-PCR based gene expression analysis: 
Total RNA was extracted from the flag leaves just before 
the crop would reach maturity. The qRT-PCR studies 
were conducted to determine the mRNA accumulation 
pattern of the gene of interest aquaporin (TaTIP1;1), and 
helicases (wdh45 and w68) from both the locations. 
Statistical analyses: 
Statistical analysis was done using ANOVA (analysis of 
variance) at significant level of p≤ 0.05. 

RESULTS AND DISCUSSION 
The co-inoculation of AMF and (ACC) deaminase 
producing plant growth promoting rhizobacteria 
provided tolerance to the plants against the higher 
water stress conditions prevailing in rain fed region. 
Among all six treatments, AMF+DPB 16 showed better 
growth results at both locations. The harvest index for 
BSPC, Pantnagar was recorded 29% higher for 
AMF+DPB16 relative to control while it was recorded to 
be 35% higher for the same treatment at KVK, Majhera 
trial. The grain yield was found to be higher in both the 
locations by more than 100% for dual inoculation 
treatment of AMF+DPB16, followed by D+AMF 
treatment.  

The nutrient analysis of the shoot also showed 
higher levels of N, P, K & Ca for the treatment 
AMF+DPB16 followed by D+AMF at both locations. qRT-
PCR based studies for relative expression of drought 
responsive gene WDH45 was significantly higher in dual 
inoculation treatment in rain fed situation as compared 
to the irrigated conditions, while the relative expression 
of aquaporin (TaTIP1;1) was found higher in rain fed 
conditions in D+AMF treatment, for all the treatments 
gene expression levels can only be found in the dual 
inoculated treatments. From our data recorded from 
both the locations having different edaphic factors and 
ecosystems, the dual inoculation strategy showed better 
plant growth promotion. 
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A. 

B. 

Figure 1 (A) Shows the harvest index of KVK,Majhera and (B) 
harvest index (%) of BSPC,Pantnagar, Uttarakhand. At both 
locations dual inoculation of AMF+DPB 16 was recorded higher 
with respect to control treatments.  

The dual inoculation of AMF with plant growth 
promoting rhizobacteria showed better growth 
responses under rain fed situation and this strategy is 
can prove to be very beneficial in such cases where the 
crop is dependent upon the precipitation levels received 
and limitation of irrigation facilities (4).  

SUMMARY 

 Our results showed better sustenance of wheat crop
inoculated with AMF and (ACC) deaminase
producing bacteria DPB 16, under rain fed conditions
and increased agriculture production with respect to
the non inoculated plants in field trials conducted at
different altitudes having different climatic
conditions and irrigation regimes.

 The post harvest analysis showed better nutrient
accumulation by plants treated with AMF and (ACC)
deaminase producing bacteria DPB16. The crop 
growth enhancement under rain fed conditions
heped the plant to survive under drought conditions.

 The results from qRT-PCR based methods suggested
enhanced relative expression of drought responsive
genes such as Aquaporin (TaTIP1;1), WDH 45 & W68
(Helicase) in AMF and DPB 16 treated plants as
compared to the control plants under rain fed
conditions.
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INTRODUCTION 
In 2010-2012 a survey of the crown rot risk in 

northern NSW focus paddocks was determined by 
PREDICTA B (soil cored on the row of the previous cereal 
with no stubble added) and post-harvest by stubble plating.  
The results revealed that PREDICTA B significantly 
underestimated the risk of crown rot in 22% of the 248 
paddocks surveyed. This level of ‘failure to warn’ was 
unacceptable (1). In the same season issues also occurred 
commercially in the southern region with the pre-sowing 
PREDICTA B sampling not warning of some medium to high 
levels of crown rot (Pers. comm., Alan McKay). Discussion 
with soil samplers revealed that they had been using the 
soil nutrition sampling strategy i.e. soil cores were collected 
between previous crop rows and stubble avoided. 

It was therefore decided to investigate the effect of 
adding pieces of cereal stubble to PREDICTA B soil samples 
on the accuracy of predicting crown rot risk at sowing 
within winter cereal crops. 

MATERIALS AND METHODS 
In collaboration with the GRDC funded National Variety 
Trial (NVT) program in 2014, service providers were asked 
to collect paired pre-sowing PREDICTA B soil samples across 
trial sites planned for wheat. A composite of 45 soil cores 
from 15 locations were taken for each sample, on the rows 
of the previous cereal crop, if visible, and 15 pieces of 
cereal stubble added to one of the paired samples. Stubble 
pieces were defined from the crown to just above the first 
node on a dominant tiller (~7-10 cm) collected from 
different plants. Samples were sent to SARDI for PREDICTA 
B analysis. Crown rot levels were determined by measuring 
the DNA concentration of Fusarium spp. and transforming 
to a Log10 scale for analysis. 

Following harvest, 50 main stems from different 
wheat plants were collected across the trial sites and the 
incidence of crown rot infection determined through 
stubble plating for the recovery of Fusarium spp. and 
reported as a percentage of stems infected. A total of 67 
sites from across Australia were included in the study. 

Crown rot risk categories developed for PREDICTA B 
and stubble plating are defined below. 

Table 1. Crown rot risk categories 

A 
Below detection limit 

RESULTS AND DISCUSSION 
There were significant relationships between the pre-

sowing crown rot DNA levels and the post-harvest 
incidence in the stubble (p<0.05). As the pre-sow DNA 
levels increased there was a higher incidence of crown rot 

infection measured at harvest. These relationships are 
plotted without the addition of cereal stubble (Fig 1) and 
when cereal stubble was added (Fig 2) to the PREDICTA B 
soil sample, with risk categories overlaid for both tests.  

When cereal stubble was not added, the PREDICTA B 
risk at sowing was within one category of the plating risk at 
harvest in 55 paddocks (82%). In 11 paddocks (16.5%) the 
PREDICTA B risk was two categories below the plating 
category, defined as a ‘failure to warn’. Of these, three 
were below the detection limit set for PREDICTA B and 
rated as medium risk post-harvest, and eight rated low pre-
sow but were high at harvest. In one paddock the pre-sow 
rating was two categories higher than the harvest rating, 
defined as ‘over-estimating’ the risk.  

When cereal stubble was added, the PREDICTA B risk 
at sowing was within one category of the plating risk in 62 
paddocks (92.5%), a 10% improvement compared to not 
adding cereal stubble. More importantly, in only one 
paddock (1.5%) the PREDICTA B risk was two categories 
below the plating category, defined as a ‘failure to warn’. In 
this paddock the plating risk only just fell into the medium 
range. In four paddocks the pre-sow rating was two 
categories higher than the harvest rating, defined as ‘over-
estimating’ the risk.  

The relationship between pre-sowing PREDICTA B 
tests with the addition of stubble and the incidence of 
crown rot at harvest is similar to that previously reported 
with take-all in New Zealand (3). 

Figure 1. Comparison of crown rot risk determined by pre-
sowing PREDICTA B without the addition of cereal stubble 
and post-harvest stubble plating incidence. 

The addition of pieces of cereal stubble to 
PREDICTA B soil samples improved the relationship 
between pre-sow crown rot DNA levels and the incidence 
of infection measured post-harvest. More importantly the 
addition of cereal stubble dramatically reduces the risk of 
PREDICTA B failing to warn of medium to high crown rot 
risk. Whilst there was a small increase in the number of 
paddocks with the addition of cereal stubble where pre-
sow PREDICTA B testing over-estimated the risk, the 
reduction in warning failures is considered more important.  

PreDicta B Stubble plating

log (pg DNA/g soil) % stems infected

BDL
A 0-0.6 0-2

Low 0.6-2.0 2-10

Medium 2.0-2.5 10-24

High >2.5 >24

Risk 

category
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Figure 2. Comparison of crown rot risk determined by pre-
sowing PREDICTA B with the addition of cereal stubble and 
post-harvest stubble plating incidence. 

Growers and advisors using this modified sampling 
strategy can now be confident in using PREDICTA B to 
assess crown rot risk prior to sowing.  

This study also provided the data needed to enable 
the national crown rot group to approve evaluating the 
crown rot test from a “test under evaluation” in the 
northern region to the main section of the PREDICTA B 
report in time for the 2015 season. 

The new recommended PREDICTA B sampling 
protocol for the southern and western region is to add 15 
pieces of cereal stubble to the soil sample, unless planning 
to grow durum wheat where 30 pieces are advised in this 
higher risk situation (2).  

In the northern region all winter cereals grown on 
stored moisture are considered a higher risk situation for 
the expression of crown rot so 30 pieces of stubble are 
recommended for all samples (2). 

Although not reported here, the addition of cereal 
stubble also improved detection of the soil-borne fungal 
pathogens associated with take-all and common root rot, 
and other stubble-borne fungal pathogen tests under 
development including yellow spot, eyespot and white 
grain disorder. 

SUMMARY 

 The addition of at least 15 pieces of cereal stubble to a
PREDICTA B soil sample greatly improved the 
relationship between pre-sow crown rot DNA levels and
the incidence of crown rot infection at harvest in all
cropping regions.

 The modified sampling strategy has allowed the crown 
rot test to be elevated from a “test under evaluation” 
to the main section of PREDICTA B in the northern
region.

 This modified sampling strategy is recommended for
use in all cropping regions to improve detection of
crown rot, this will also improve assessment of other
stubble borne pathogens.
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INTRODUCTION 
Pachymetra root rot is an important disease of 
sugarcane, and is endemic to Australia. The causal agent 
Pachymetra chaunorhiza is an oomycete belonging to 
the family Verrucalvaceae (3). Pachymetra causes rot of 
the primary sugarcane roots, leading to stunted crop 
growth and dislodging of cane stools during harvest (6). 
High levels of Pachymetra chaunorhiza oospores have 
been reported in soils where cultivars with intermediate 

resistance, such as Q208A, have been grown (1). There is

concern from industry that planting intermediate 
cultivars in successive crop cycles could lead to 
increased yield losses due to high oospore levels. 
Changes in virulence related to host-cultivar exposure 
have been reported in other oomycetes (10). In this 
paper, we present the results on the impact of growing 
different cultivars on Pachymetra populations and cane 
yield, i.e. residual soilborne effect, in a subsequent crop 

of the intermediate resistant cultivar Q208A that

accounts for 30% of the Australian sugarcane crop (9). 
MATERIALS AND METHODS 
Crop 1 - Replicated cultivar trial: The position of plots in 
a replicated cultivar trial (fourth ratoon crop) near 
Bundaberg were marked using a 3M underground 
system. This trial consisted of 16 cultivars by five 
replicates, planted in a randomised complete block 
design. Soil samples were collected at harvest, after 
approximately 12 months crop growth. Soil samples 
were taken from plots of selected cultivars (Table 1) and 
the number of Pachymetra oospores in the samples was 
assessed using methods developed by Magarey (4, 5). A 
sample of plots were reassessed after cultivation to 
estimate the change in oospore levels due to soil 
cultivation. 

Crop 2 – Plant Q208A: Crop 1 was ploughed-out and

then Q208A was planted across the plots of the previous

cultivar trial (6 weeks after harvest). Oospore levels and 
tonnes cane per hectare (TC/ha) were measured after 
approximately 12 months growth. 
Data Analysis: Pre-plant oospore levels in each plot 
were estimated by transforming oospore count data 
from Crop 1 based on the overall dilution of oospore 
populations that occurred due to soil cultivation. 
Oospore count data were analysed using a negative 
binomial generalised linear model. Cane yield (TC/ha) 
data were analysed using a linear mixed model (ASReml-
R)(2). The relationship between Pachymetra oospore 

levels and cane yield in the plant crop of Q208A, and pre-

plant oospore levels were analysed by linear regression. 
RESULTS AND DISCUSSION 
Pachymetra levels under different cultivars in Crop 1: 
All resistant cultivars sustained significantly lower 
oospore levels than intermediate and susceptible 
cultivars in Crop 1 (Table 1). Within-row oospore levels 
(348 oospores/g soil) were diluted by a mean of 84 

percent during soil cultivation, prior to replanting with 

Q208A.
Table 1 - Pachymetra oospore levels under 10 sugarcane 
cultivars in a ratoon cultivar trial located near Bundaberg. 

Cultivar 
Pachymetra 

Resistance Rating 
Oospores/g Soil 

Q183A Resistant 25.1 a 

Q242A Resistant 23.6 a 

Q238A Resistant 45.9 a 

KQ228A Intermediate 474.3 bc 

Q200A Intermediate 290.7 b 

Q208A Intermediate 462.4 bc 

Q232A Intermediate 799.6 c 

Q240A Intermediate 418.1 bc 

Q155  Susceptible 349.4 b 

Q171  Susceptible 593.3 bc 

Means followed by the same letter(s) are not different among 
initial cultivar treatments at a significance level of P=0.05, 
according to a Tukey HSD test. 

Cane yield of Q208A in Crop 2: Cane yield in the plant

crop Q208A varied between treatments (P = <0.0001).

The maximum cane yield produced by Q208A in Crop 2

(69 TC/ha) occurred in plots where the resistant cultivar 

Q242A
 
had been previously grown. Significant cane yield 

losses occurred in plots where Q232A (47 TC/ha) and

Q171 (48 TC/ha) had been previously grown. No 
significant differences occurred between intermediate 
cultivar treatments. 

Pachymetra levels under Q208A in Crop 2: Oospore 

levels varied between treatments (P = <0.0001). Overall, 
Pachymetra levels increased substantially due to the 

change from resistant cultivars to Q208A (five to ten

times greater), and increased or showed little change in 
plots where intermediate cultivars (mean increase of 30 
percent) or susceptible cultivars (mean increase of ten 
percent) were grown in Crop 1. 

Figure 1 - Regression of pre-plant Pachymetra oospore levels 

and oospore levels at harvest of the plant crop Q208A (Crop 2),

in a field experiment located near Bundaberg. Data labels 
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indicate the cultivar previously grown in the cultivar trial (Crop 
1). Broken lines indicate 95 percent confidence intervals. 

Relationship between Pachymetra oospore levels 

under Q208A and pre-plant oospores levels: Oospore

levels in the Q208A plant crop were related to pre-plant

oospore levels (P = 0.002, Figure 1). Oospore levels 

under the plant Q208A were greater than predicted

(based on the regression analysis in Figure 1) in plots 

where Q200A was previously grown, as opposed to other

cultivar treatments; however, oospore levels were not 

significantly higher than predicted in plots where Q208A

was grown in both crops. Oospore levels in Crop 2 were 
significantly lower than predicted in plots where Q171 
was previously grown, compared to other treatments 
(Figure 1). 

Relationship between cane yield of Q208A and pre-

plant Pachymetra oospore populations: Cane yield of 

Q208A in Crop 2 was related to pre-plant oospore levels

at a significance level of P = 0.0049 (Figure 2). 

Figure 2 – Regression of pre-plant Pachymetra oospore levels 

and cane yield of the plant crop Q208A (Crop 2), in a field 

experiment located near Bundaberg. Data labels indicate the 
cultivar previously grown in the ratoon cultivar trial (Crop 1). 
Broken lines indicate 95 percent confidence intervals. 

Cane yield loss in plots where Q208A was grown in both 

crops was as predicted, according to pre-plant oospore 

levels. Cane yield of Q208A was significantly higher than

predicted, based on the above regression (Figure 2), in 

plots previously planted to Q240A and KQ228A. Cane

yield was slightly lower than predicted, based on the 
above regression (Figure 2), in plots previously planted 
to Q155 and Q171.  
Considering the relationship between TC/ha and 
oospore populations (Figure 2), growers could expect to 

incur yield losses of greater than 28 percent in Q208A

where Pachymetra levels exceeded 120 oospores/g soil 
(y = -0.16x + 68.29). This is similar to previous estimates 
(Magarey 6, 7). 
Results from this study are generally consistent with the 
current guidelines used to provide recommendations to 
growers for Pachymetra management (8). Monitoring of 
Pachymetra levels in the soil is important, in order to 
make informed decisions regarding cultivar selection. 
Glasshouse-assigned Pachymetra resistance ratings 
provide a good indication of cane yield losses that may 
occur due to Pachymetra root rot in plant and early 

ratoon crops; however, some intermediate cultivars 
appear to sustain high Pachymetra populations that can 
impact the following crop. Breeding of resistant cultivars 
should remain a priority. 
Further research is required to understand the cause of 
high oospore levels under some intermediate cultivars 

such as Q232A, and the complex of cultivar-related 

factors and pathogen interactions involved in changes to 
the rhizosphere. 

SUMMARY 

 Yield losses of 28 percent were incurred at 120

oospores/g soil in Q208A. Intermediate cultivars, as

well as susceptible cultivars, should be grown in
rotation with resistant cultivars.

 Cultivation of the intermediate cultivar Q208A

following a crop of Q208A did not result in higher

Pachymetra oospore populations compared with

planting Q208A after other cultivars of similar

resistance.

 Cultivation of different intermediate cultivars can
influence cane yield and Pachymetra levels in 
subsequent crops, as well as the current crop.
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INTRODUCTION 

Bacillus subtilis BAB-1 exhibits a strong inhibitory 

activity against the growth of Botrytis cinerea. 

Previous study showed that the volatile organic 

compounds (VOCs) released by strain BAB-1 mainly 

contributed to the biocontrol performance and the 

composition of volatile compounds was complex.The 

objectives of this study were to evaluate the 

antifungal properties of pure volatile compounds 

toward B. cinerea, and to explore the mechanism of 

activities of efficient volatile compounds in 

suppression of conidial germinationand mycelial 

growth of B. cinerea. 

METHODS 

Inhibition of mycelial growth of B. cinerea by twelve 

artificial synthetic volatile compounds were evaluated 

in vitro. Control effeciency of selected volatile 

compounds on tomato leaf/ fruit disease 

development were estimated in vivo. 

RESULTS 

Dimethylamine and formic acid could completely 

inhibit the growth of B. cinerea at a concentration of 

333 μL/L of headspace in petri plates, the EC50values 

of them were 168.17 μL/L and 180.07 μL/L 

respectively. Propionic acid, dimethyl disulfide and 

1-propanamine also showed strong inhibitory activity

against the growth of B. cinerea at 667 μL/L, the EC50 

valuesof them were 182.08 μL/L, 188.57 μL/L and 

228.53 μL/L respectively. The disease incidences on 

tomato leaves and fruits inoculated by B. cinerea 

were significantly suppressed in presence of all the 

five volatile compounds mentioned above. Spore 

germination was inhibited by the five volatile 

compounds tested. Light microscopic observations of 

B. cinerea hyphae exposed to five volatile compounds

revealed the morphological abnormalities like 

disruption, degradation and collapsion. These results 

demonstrated that volatile compounds released from 

B. subtilis BAB-1 are promising antifungal agents for

control of tomato grey mold caused by B. cinerea. 

SUMMARY 

 Dimethylamine, formic acid, propionic acid,

dimethyl disulfide and 1-propanamine

significantly reduced the growth of B. cinerea

(in vitro) and suppressed the Botrytis leaf/fruit

rot of tomato (in vivo).

 The five volatile compounds inhibited spore

germination and caused morphological

abnormalities of hyphae.

 Volatile compounds arepromising antifungal

agents for control of tomato grey mold caused

by B. cinerea. 
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INTRODUCTION 
Cotton is an economically important crop in Texas, USA 
that accounts for approximately 50% of United States 
production (NCC, 2016).  Cotton is grown in 17 states 
producing a crop worth over $75 billion (NCC, 2017).  
Australia produces around 3% of the world’s cotton and is 
the third largest exporter of cotton, behind US and India 
averaging AUD $2 billion annually.  Over the last 20 years, 
Australia’s cotton yield has increased by 38% with more 
than 60% cotton produced grown in NSW (Cotton 
Australia, 2015).  In US and NSW, yields are lowered each 
year due to Verticillium wilt, caused by the soil borne 
fungal pathogen Verticillium dahliae (Kleb).  Following the 
1984/1985 cotton disease surveys in NSW, Verticillium wilt 
was described as the first major disease in Australian 
cotton and remains a major disease in Australian cotton 
(Kirkby et al. 2013).   

The pathogen colonises the vascular system, 
negatively impacting water and nutrient uptake.  
Symptoms include wilting, vascular discolouration, leaf 
mottling and necrosis.  Verticillium wilt can reduce cotton 
yields by 30-40% under ideal conditions.  The primary 
inoculum in soil is the melonised cells originating from 
hyphae known as microsclerotia (Heale, J. B and Isaac, I. 
1965) and may survive in the soil for more than 10 years, 
in the absence of a host (Pegg, G. F and Brady, B. L. 2002). 

Quantifying populations of V. dahliae as 
propagules per gram (ppg) of dry soil is essential to 
understanding disease pressure and to making informed 
management decisions.  Estimation of the number of 
microsclerotia in soil is commonly done using dry or wet 
plating techniques on semi selective media (Butterfield EJ, 
JE De Vay. 1977; Goud, J. C and Termorshuizen, A. J. 2003). 
By comparing various components of soil isolation 
techniques, laboratories can augment practices to provide 
the most accurate estimation of V. dahliae populations in 
the soil and streamline laboratory processes for efficiency.  
The aim of this study was to compare wet and dry soil 
isolation techniques in conjunction with four semi-
selective media and two sampling depths. 

MATERIALS AND METHODS 
Studies were conducted in the United States and Australia 
to compare wet and dry isolation methods in conjunction 
with different selective media. Four fields with a history of 
moderate to severe Verticillium wilt, located near 
Lubbock, Texas and Narrabri, NSW were selected.  Three 
replicate samples of 25 composite samples taken from 
100m x 100m quadrants in Australian fields and one 
quadrant of 100m x 100m sampled three times in US 

fields.  At each field, samples were collected from depths 
of 2-12 cm and 13-24 cm for each field. Samples were air 
dried for 14 days before being isolated on Acidified PDA, 
PDA, Acidified Sorensen’s NPX and Sorensen’s NPX media. 

For the wet plating method, 20g soil was 
suspended in 80ml water and mixed.  In each of 10 petri 
plates, 1ml of soil solution was pipetted and spread using a 
turntable.  For the dry plating method, 0.2g dry soil was 
spread by hand over the surface of each of five petri 
plates.  The plates were incubated for 14 days in the dark 
before the soil was gently washed from the surface under 
running tap water.  Each plate was examined using a 
dissecting microscope, x 20 magnification.  Colonies were 
counted and multiplied by the dilution factor and averaged 
across all replicates. 

RESULTS 
Plating technique had a significant effect when quantifying 
the inoculum levels.  Dry plating technique recovered 
significantly more ppg (<0.001) compared to the wet 
dilution plating technique.  Media also had a significant 
effect (<0,001) with Sorensen’s NPX recording higher ppg 
than the other media evaluated.  Sampling depth also had 
a significant effect (<0,001) with more ppg being recorded 
in the soil collected from 2-12cm.  Australian field soil had 
higher inoculum levels than US soil, regardless of sampling 
depth and isolation technique (Figure 1.) 

DISCUSSION 
When combined across locations and depths, differences 

in isolation method, media and their interaction (P0.001) 
were observed. Lowering pH of Sorenson’s NPX reduced 
germination of microsclerotia by 50 and 68% for the dry 
and wet plate technique, respectively. Soil sampled from 
2-12 cm had higher inoculum densities, accounting for
56% and 62% of the total inoculum recovered for the dry
and wet technique, respectively. In estimating field
populations, the top 12 cm of soil should be sampled.
These results support the advantage of Sorenson’s NPX
media in quantifying V. dahliae in soil. Dry plating yielded
higher estimates of inoculum density than the wet plating
technique, while requiring only half the amount of
materials and taking considerably less time to perform.
Additional sampling will be conducted to examine
temporal changes during the growing season from
commercial cotton fields in the US and NSW. By comparing
quantification methods, the efficacy and efficiency of
laboratory practices can be improved to provide the most
accurate representations of inoculum in the soil.
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Figure 1.   Estimated population of V. dahliae in soil collected 
from cotton fields in the US (Halfway and Quaker) and in NSW 
(Field 9 and 10) using dry and wet dilution plating techniques. 

Higher inoculum levels in soil collected from the two fields 
in NSW compared to US fields may partially be explained 
by the fact that the Australian fields were commercial 
fields and the US fields were research fields.  Commercial 
cotton fields are managed for optimum yield whilst the 
research farm fields are managed for different research 
objectives and therefore nutrient application and irrigation 
inputs may differ between the two systems. Dry plating 
technique take less time to prepare each sample, 50% less 
media and petri plates.  The benefit of less labour and 
consumables is significant and more importantly is the 
increased recovery of colonies using Sorensen’s NPX.   

SUMMARY 

 Higher inoculum levels were recorded in the 2-12 cm 
soil samples than 13-24 cm soil samples

 Dry plating technique recovered significantly more
inoculum than the wet plating technique

 Dry plating technique reduced labour and
consumables by 50%
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INTRODUCTION Potato (Solanum tuberosum Linn.) is 

the fourth most important cultivated crop worldwide, 

and plays a very important role in the industry and 

agriculture(1). In 2015, China has launched potato 

grain staple food strategy. According to the strategic 

requirements, the objective demand of "Chinese 

staple food", and the structure adjustment of potato 

planting, the potato industry developed rapidly(2). 

However, potato crops are susceptible to various 

diseases. As a tuber crop, the damage of soil borne 

disease on potato yield and quality is larger, such as 

black scurf, caused by Rhizoctonia solani Kühn, is one 

of the major disease in agriculture production(3). So 

far, the dominant methods to control the disease are 

pre-sowing pharmaceutical treatment and soil 

disinfection(4). Although, these methods had 

effectively controled the occurrence of disease in 

some certain degree, but they also bring about 

environmental and food safety issues. Therefore, 

biological control method with environment-friendly 

feature becomes the hotspot of research. 

METHODS The inhibitory ability test The biocontrol 

bacteria strains were inoculated with a sterilized 

toothpick onto a 9 cm PDA plates at a distance of 2.5 

cm from the center, and a 6 mm diameter R. solani 

plug was placed in the center of each plate, and then 

incubated at 25℃. 

RESULTS AND DISCUSSION To obtain some good 

biocontrol strains against pathogen causing black 

scurf of potato, 2106 bacteria strains isolated from 

rhizosphere soil of potato fields were investigated, 

and 61 strains were screened to have a strong 

inhibitory effect against Rhizoctonia solani. The next 

step, we will investigate the suppression of potato 

diseases caused by the pathogens in pot experiments, 

and finally to obtain a strain, which with a strong and 

stable disease suppression, aiming to provide a good 

biocontrol agent in application.  

SUMMARY 

 Potato (Solanum tuberosum L.) is the fourth most

important cultivated crop worldwide, and plays a

very important role in the industry and

agriculture.

 Biological control method with

environment-friendly feature becomes the

hotspot of research.

 This study aims to provide a good biocontrol

agent against pathogen causing black scurf of

potato in application.
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INTRODUCTION 

Quantitative PCR (qPCR) technique has been widely used 

for quantitative detection of soil-borne plant pathogens to 

assist growers making management decisions. The 

accuracy of DNA-based assays is influenced by various 

parameters during the whole analytical process from 

sample preparation, DNA isolation/purification to target 

molecule detection (1). The use of internal controls is 

considered to be the most reliable approach to monitor 

the overall effectiveness and improve confidence in 

molecular detection (2). Ralstonia solanacearum is a 

soil-borne pathogen causing bacterial wilt on Solanaceae 

crops, especially tomatoes. To correctly quantify the soil 

population of R. solanacearum, we developed an ISPC-type 

control strain to improve the qPCR detection efficiency.   

MATERIALS AND METHODS 

qPCR detection of R. solanacearum, targeting a 124 bp 

fragment of the type three secretion system regulator 

gene hrpB, was established previously using the primers 

P1-F/P1-R and FAM-labelled Taqman probe P1 (3). We 

cloned a2.1 kb fragment spanning the 124 bp P1-F/P1-R 

region on a Ralstonia suicide plasmid pk18mobsacb, and 

then replaced the sequences between two primers P1-F 

and P1-R with an artificial DNA fragment (Fig. 1). The 

modified plasmid was introduced into R. solanacearum 

1301 to produce chromosome gene-exchanged mutants 

by two-step homologous recombination. A mutant 

1301NC, confirmed by PCR amplification and sequencing 

was used as a control ISPC strain in qPCR. 

RESULTS 

Both target bacterial DNA and the ISPC DNA could be 

amplified by the primer set P1-F/P1-R, but were 

distinguished by using the different TaqMan probes (Fig. 

1). Standard curves for both probes showed good 

correlation between the Ct values and copy number. The 

influence of increasing the amounts of ISPC DNA on the 

amplification of the target DNA was tested, and no 

significant inhibition was observed. A broad range of soils 

collected from different locations were tested by adding a 

mixture of known amounts of R. solanacearum and its ISPC 

strain. We found that the DNA recovery efficiency as 

measured by qPCR ranged from 37.0% to 91.6% 

dependent on soil types. This work suggested that the 

ISPCs are a useful tool for improving the qPCR efficiency 

and detection of soil-borne bacterial populations.  

Figure 1. Illustration of the ISPC DNA structure. The primer set 

P1-F/P1-R is used to amplifiy both target DNA in wild-type R. 

solanacearum 1301 and the ISPC DNA from strain 1301NC in the 

same PCR mixture. Different TaqMan probes are designed to 

distinguish amplified target DNA (by probe P1) and ISPC DNA (by 

probe P22). Chimeric probe P22 is comprised of sequences from 

the kanamycin resistant gene and the gfp gene. 

SUMMARY 

 The most significant difference between the ISPC strain

and the target bacterium is the DNA sequence

between two PCR primers, which could be

distinguished by specific TaqMan probes.

 The ISPC strain provides a measure of the efficiency of

the entire analytical chain from sample preparation to

target molecule detection.

 Inclusion of an ISPC in qPCR improves the detection

accuracy and efficiency, and is particularly useful for

screening many different soil types.
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INTRODUCTION 
Wheat crown rot has been a new emerging soil-borne 
disease in China. Crown rot caused by Fusarium. 
pseudograminearum was first observed in wheat cv. 
Aikang 58 with about 70% incidence in 2011 in Henan 
province, China (1).  In recent years, the disease has 
spread quickly in wheat growing region of China. The 
incidence has reached 65.1% and 81.4% in the field 
survey of Henan and Hebei province in 2013-2016 (2,3). 
Hebei is located in the northern region of China. Wheat 
production in Hebei is important as it ranks third in 
China. However, wheat crown rot has seriously 
restricted the safe production of wheat in Hebei. In this 
paper, the survey of wheat crown rot was carried out 
based on a random survey and on-site systemic 
investigation. The occurrence region, severity and 
occurrence dynamics are presented. 

MATERIALS AND METHODS 
Random survey of wheat crown rot in Hebei: A survey 
of wheat crown rot was conducted in 191 fields, 86 
counties of 9 cities of Hebei during 2013-2017. 
Percentage of white heads caused by wheat crown rot 
was recorded. Diseased wheat plants were collected and 
pathogens were isolated, purified and identified by 
morphological and molecular characteristics. 
On-site systemic investigation: Field experiments were 
conducted at Cangxian, Ningjin and Jingxian from 2015 
to 2017. Disease incidence was investigated at seedling 
stage before winter, jointing stage and milk stages of 
wheat. Diseased wheat plants of each experimental site 
were also collected and pathogens were identified. 
Statistical analyses: Four replicates were used for all the 
growth stage investigation of the three experimental 
sites. Statistical analyses were conducted using the SPSS 
19.0 software (IBM Corporation, Armonk, NY, USA). 

RESULTS AND DISCUSSION 
Hebei province is a drought-stricken agricultural area, 
but it’s the main grain production area of China. Hebei's 
annual grain output accounts for about 5.5 percent of 
the country's total grain output (4). While the total 
water resources only account for 0.6% of the total water 
resources in China (5). Annual precipitation of Hebei is 
500-800 mm, but rainfall is concentrated in summer.
Rainfall in winter wheat season only accounts for 20%-
30% of annual rainfall. Additionally, the actual amount
of water used for irrigation is decreasing every year. The 
deficit of rainfall and irrigation water favours the 
occurrence of wheat crown rot in Hebei.

Occurrence of wheat crown rot in Hebei: Investigation 
results showed that wheat crown rot mainly occurred in 
the mid-south of Hebei province and the disease 
incidence and severity had been increasing year by year. 
Wheat crown rot had sporadic occurrence in 2013. 
Scattered whiteheads with basal stem browning 
symptoms were mainly found on the weak and small 

plants at the drought edge of the field. But the 
whiteheads caused by crown rot commonly existed in 
the whole field in the later investigation years. The 
disease even caused premature with whitehead rate 
20% to 50% in some severe infected fields. The disease 
also spread from the mid-south of Hebei province to the 
north. In the northern part of Hebei province, there was 
only 0-16.7% of investigation sites displaying wheat 
crown rot in 2015. The crown rot disease occurred at 
75.0%-100.0% of the investigation sites in 2017 (data not 
shown). Pathogen identification results showed that 
Fusarium species isolation frequency was much higher in 
the mid-south of Hebei province. Morphological and 
molecular identification showed that F. 
pseudograminearum and F. graminearum were the 
predominant pathogens co-exsiting in Hebei. F. 
pseudograminearum and F. graminearum were the 
dominant pathogens in the southern and northern parts 
of Hebei province, respectively. 

Development of crown rot in the growing season of 
wheat: On-site systemic investigation results showed 
that the disease incidence and disease index (data not 
shown) of wheat crown rot increased along with the 
growth stage of wheat at the three monitoring fields 
during the 2015/2016 and 2016/2017 growing seasons. 
Wheat crown rot began to develop after wheat re-
greening, and developed rapidly during jointing to milk 
stage (Figure 1). Seed coating treatment was carried out 
in all of the monitoring sites in this study, which may be 
related to the mild occurrence of disease in the seedling 
stage before the winter. It was reported that the seed 
treatment with chemical agents could significantly 
reduce the wheat seedling rot caused by Fusarium 
pseudograminearum in the early stage (6). Our 
investigation showed that the control effect of seed 
treatment on wheat crown rot was more than 56%   

Figure 1. Disease incidence of wheat crown rot at different 
growth stages of wheat during 2015-2017 cropping seasons. 
Investigation period 1-3 mean seedling stage before winter, 
jointing stage, milk stage, respectively.  
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before returning to green (data not shown), which 
controlled the disease at early growth stages. The 
pathogen can infect the plant at any stage during the 
growth period of wheat. The earlier the pathogen 
invades, the heavier the disease will be. From the 
investigation results, sowing time and wheat turning 
green period are the key periods for controlling wheat 
crown rot. It is an effective measure to control crown rot 
and keep output steady by early fungicide application to 
reduce the incidence at early stages. 

Development of crown rot from year to year: The three 
years of investigation results showed that crown rot 
occurred more severely year by year from the disease 
incidence and disease index (data not shown) of milk 
stage. However, no obvious difference was found in 
disease incidence in experimental site in Cangxian, but 
only disease index increased by 1.0 in the two years. The 
increase rate of disease incidence and disease index was 
1.8%~12.2% and 0.9~4.3 at the experimental site in 
Ningjin, 21.3%~33.6% and 13.5~14.6 at the experimental 
site in Jingxian, respectively (Figure 1). The annual 
growth of wheat crown rot differed at three 
experimental sites. However, with the accumulation of 
pathogens in the field, the incidence of diseases 
increased year by year. The isolation frequency of 
Fusarium spp. causing crown rot also increased along 
with aggravation of the disease at all of the experimental 
sites. At the Ningjin experimental site, the isolation 
frequency of Fusarium increased from 10.3% and 13% in 
2015 and 2016 to 57.4% in 2017. While at the Jingxian 
experimental site, the isolation frequency of Fusarium in 
2015 was 68.5%, and the frequency of Fusarium in 2016 
and 2017 reached to 91.4% and 91.8% along with the 
disease aggravation (Figure 2). Crown rot in Hebei often 
occurs with other soilborne diseases. Bipolaris 
sorokinianum was obtained from all the experimental 
sites of the study. From the pathogen isolation data of 
the three experimental sites during 2015 to 2017, 
Fusarium isolation frequency was positively associated 
with wheat crown rot severity. Studies from Smiley et al. 
also showed that the annual dominant pathogens will 
change under different environmental conditions. But in 
the plots with serious crown rot infection, the frequency 
of Fusarium isolates was greater and the pathogenicity 
of Fusarium to wheat was stronger (7). 

Figure 2. Isolation frequency of Fusarium spp. causing wheat 
crown rot at milk stage during 2015-2017 cropping seasons.  

SUMMARY 

 Wheat crown rot mainly occurred in the mid-south
of Hebei province, but is spreading to the north. The
disease incidence and severity had been increasing
year by year. The severe of wheat crown rot
occurrence, the higher of Fusarium isolation 
frequency.

 Disease incidence and disease index of wheat crown
rot increased along with growing stage of wheat.
Sowing time and wheat turning green period are the
key periods for controlling wheat crown rot.

 F. pseudograminearum and F. graminearum were 
the predominant pathogen co-exsiting in Hebei. F.
pseudograminearum dominates in the southern and
F. graminearum dominates in the northern parts of
Hebei province.

ACKNOWLEDGEMENTS 
Financial support for this work was provided by the 
national key research and development program of 
China (2016YFD0300705, 2017YFD0201707). 

REFERENCES 
1. Li HL et al. (2012) First report of Fusarium 

pseudograminearum causing crown rot of wheat in 
Henan, China. Plant Disease 96(7): 1065.

2. XU F et al. (2016) Occurrence dynamics and
characteristics of Fusarium root and crown rot of
wheat in Henan Province during 2013-2016. Plant 
Protection 42(6): 126-132. (in Chinese)

3. JI LJ et al. (2016) Occurrence and pathogen 
composition of wheat crown rot in Hebei Province.
Plant Protection 42(5): 154-157. (in Chinese)

4. Hebei statistics bureau. (1995-2014) Hebei rural
statistics yearbook. Beijing: Chinese statistics press.
(in Chinese)

5. Hebei’s ministry of water resources. (1995-2014)
Hebei water resources bulletin. Shijiazhuang. (in 
Chinese)

6. Klein TA and Burgess LW. (1987) Effect of seed 
treatment on infection of wheat by seedborne
inoculum of Fusarium graminearum group 1.
Australasian Plant Pathology 16(4): 79-81.

7. Smiley RW et al. (2005) Crop damage estimates for
crown rot of wheat and barley in the Pacific
Northwest. Plant Disease 89(6): 595-604.

142



Thomson et al. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

A selection tool for nematode resistant rotation crops 
Thomson, K.M., Cobon, J.A., O’Neill, W.T., and Pattison A.B. 

DAF, Ecosciences Precinct, 41 Boggo Rd, Dutton Park, QLD 4102 

INTRODUCTION 
Plant-parasitic nematodes pose enormous threats to 
global food security, destroying at least 12.3% of global 
food production annually. This is estimated to be more 
than US$157 billion worldwide (1). Losses to Australian 
agricultural production are estimated to amount to $300 
- $450M per annum (2).

The banana industry is a valuable asset to Australia 
contributing around $600 million annually to the 
economy (3). Plant-parasitic nematodes are a major 
constraint to production, with recent surveys detecting 
as many as six species thought to limit production 
including;  Meloidogyne spp., H. multicinctus, R. 
reniformis, R. similis, and  P. goodeyi. It is estimated that 
worldwide, plant-parasitic nematodes can cause losses 
of up to 19.7% in banana crops (4). 

Traditionally, chemical nematicides were used to 
control many nematodes. Chemical nematicides are 
costly, toxic and are increasingly becoming deregistered 
from use. Therefore, alternative forms of management 
are required to manage populations of plant-parasitic 
nematodes. 

The use of resistant rotation crops is the main non-
chemical strategies to manage plant-parasitic 
nematodes (5, 6). Nematode feeding and reproduction is 
minimised on resistant rotations, thus reducing 
nematode numbers and increasing productivity in the 
following crop. Many plant-parasitic nematodes are not 
host specific. However, some crops display host 
resistance to one or more species of nematodes.  

From many years of resistance screening, the DAF 
nematology team has acquired a large amount of 
knowledge on which crops are resistant to the plant-
parasitic nematodes commonly found in Queensland. 
Some of this information has been made available in 
publications (5, 6). However, not all of the data on this 
effective and sustainable control method for plant-
parasitic nematodes has been captured in one area.   

Lucid3 software can be used as a selection tool to 
allow improved recommendations for Queensland 
horticultural industries on what is the most suitable 
rotation crop to manage a specific plant-parasitic 
nematode. 

Lucid3 software is commonly used to create 
interactive computerised random-access keys for 
identification tasks. Lucid3 allows users to select as 
much or as little information as desired and will generate 
a list of responses conforming to that information. Users 
can then browse the key and instantly open factsheets 
with further details. The Lucid3 software consists of a 
builder that enables the key to be created, a player to 
view and interact with the key and Factsheet Fusion to 
produce integrated factsheets and glossaries. 

MATERIALS AND METHODS 
Potential rotation crops have been screened in 
glasshouse experiments over many years by inoculating 
plants with known numbers of plant-parasitic 
nematodes from pure cultures. Resistance was assessed 
by quantifying effects on plant growth and the level of 
nematode reproduction. Historical reports compiled 
from the results of these experiments (5, 6), as well as 
current experimental work, is being standardised and 
compiled into a Lucid3 key. 

The key can be used for any number of nematodes. 
Initially, it will be used to select rotation crops that are 
resistant to; Meloidogyne fallax, Meloidogyne javanica, 
Meloidogyne arenaria, Meloidogyne hapla, Meloidogyne 
incognita, Radopholus similis, Rotylenchulus reniformis, 
Pratylenchus goodeyi, and Helicotylenchus multicinctus.  
Users will also be able to select the type of crop, location 
of farm and required growth season.  

The key includes factsheets and photos of both 
rotation crops and plant-parasitic nematodes. The 
factsheets on the rotation crops provide users with 
scientific names, common names, a description of the 
plant, resistance rating to each plant-parasitic 
nematode, uses of the plant and invasive weed 
potential. Nematode factsheets include a description of 
the plant-parasitic nematode, including life cycle and 
known hosts, as well as photos of the nematode and 
damage it causes. 

RESULTS AND DISCUSSION 
The Lucid3 selection tool will digitise decades of 
compiled data and bring it together in one place. 
Agricultural advisors and farmers will be able to access 
this data using a computer with internet access; no 
special programs will be required. 

SUMMARY 

 Resistant rotation cropping is an effective method of
managing plant-parasitic nematode populations.
There is large amount of data on crop resistance.

 Lucid3 is being used to create a selection tool for
growers whose crops have been diagnosed with
plant-parasitic nematodes, to select an appropriate
nematode resistant rotation crop for control
purposes.

 The selection tool includes interactive factsheets
that allow users to explore data on the rotation
crops and plant-parasitic nematodes in more depth.
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Plant-parasitic nematodes in banana production areas of Australia 
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INTRODUCTION 
The most damaging nematode pest of bananas worldwide 
is Radopholus similis (burrowing nematode) which is 
prevalent in the tropics and subtropics (1). However, 
other nematode species can cause significant losses in 
banana, including Helicotylenchus multicinctus (spiral 
nematode) and Rotylenchulus reniformis (reniform 
nematode) (2), both of which have been increasing in 
prevalence recently on farms in the Australian tropics. In 
the subtropics, H. multicinctus and Pratylenchus goodeyi 
(lesion nematode) are also becoming more widely 
distributed and are causing major economic losses. 
Meloidogyne spp. (root-knot nematode) was believed to 
be the major nematode pest in the sandy soils of 
Carnarvon, Western Australia, while the nematodes 
limiting production in the Northern Territory, remained 
unknown. 

The banana industry has been successful in 
reducing the amount of nematicides used through crop 
rotations and soil health management (3). As there are 
limited nematicides currently available to the banana 
industry, effective and sustainable control of all plant-
parasitic nematodes is needed.  Research projects which 
focussed on the management of R. similis have resulted in 
a reduction in prevalence of this species, but populations 
of other nematode species have increased to damaging 
levels over time.  

MATERIALS AND METHODS 
Surveys were conducted in the subtropical banana 
productions area of south-east Queensland, northern and 
central New South Wales and Carnarvon in Western 
Australia. Soil and root samples were collected for 
nematode extraction and identification from a total of 63 
farms across the 3 regions, 10 in SEQ, 12 in NSW and 41 in 
WA. 

In north Queensland, 38 banana farms across the 
Lakeland, Atherton Tableland, Tully and Innisfail districts 
were sampled and nematodes extracted and identified 
from the soil samples, with the root samples of 9 of these 
farms also processed for extraction and identification.  

Soil at each site was sampled from the base of a 
banana plant to a depth of 10 cm. Banana roots were 
collected from the same plants. Nematodes were 
extracted from the soil samples over 3 days using a 
modified Baermann funnel technique (4). Roots were 
washed clean, sliced lengthwise and placed in a misting 
chamber for 7 days (5). Nematodes were retrieved on a 
38 µm sieve and then examined under a compound 
microscope for identification and quantification of all 
plant-parasitic species. 

RESULTS AND DISCUSSION 
In subtropical south-east Queensland, Meloidogyne spp.  
was extracted from 90% of the soil samples, with H. 
multicinctus extracted from 20% of sites. P. goodeyi and 
R. similis were both extracted from 30% soil samples. A
mean of 5,245 H. multicinctus per 100 g roots were 
recovered, while 4,723 Paratylenchus sp. per 100 g roots 
were extracted from a single site (Table 1).

Table 1. Mean nematode numbers/100 g of soil and roots 
extracted from banana soil and roots across 10 sites in south-
east Queensland. 

Nematode species 100 g soil 100 g roots 

Meloidogyne spp. 59 933 
Helicotylenchus dihystera 75 333 
Radopholus similis 6 833 
Paratrichodorus sp. 26 9 
Helicotylenchus multicinctus 184 5,245 
Rotylenchulus parvus 66 0 
Pratylenchus goodeyi 43 14 
Tylenchorhynchus sp. 15 0 
Paratylenchus sp. 0 4,723 
Criconemella sp. 0 15 

In subtropical New South Wales, Meloidogyne spp., 
H. multicinctus and R. similis were extracted from 83%, 
67% and 17% of soil samples respectively. P. goodeyi was 
extracted from 25% of soil samples and 17% of root 
samples across the sites with average numbers of 196/100
g soil and 2,216/100 g roots (Table 4). This equates to 33%
of sites surveyed in NSW with P. goodeyi in either soil or
root samples or both. P. goodeyi  prefers cooler climates 
and is believed to have originated from the east African
highlands (6), so a subtropical winter in New South Wales 
may see higher multiplication of these nematodes and,
therefore, higher numbers than during this summer
survey

Table 2. Mean nematode numbers/100 g of soil and roots 
extracted from banana soil and roots across 12 sites in New 
South Wales 

Nematode species 100 g soil 100 g roots 

Meloidogyne spp. 50 3081 
Helicotylenchus dihystera 50 65 
Radopholus similis 16 0 
Paratrichodorus sp. 15 0 
Helicotylenchus multicinctus 295 4,304 
Pratylenchus goodeyi 196 2,216 
Pratylenchus sp. 4 15 

The most commonly extracted plant-parasitic 
nematodes from soil samples from Carnarvon in Western 
Australia were H. multicinctus and Meloidogyne spp. with 
these nematodes extracted from 100% and 98% of sites 
respectively. The average number of H. multicinctus per 
100 g soil was 402 with 6,619/100 g roots. For 
Meloidogyne spp. the average number was 149/100 g soil 
and 4,254/100 g roots. (Table 3). With 41 out of 47 farms 
in the Carnarvon district surveyed, this study show that 
both H. multicinctus and Meloidogyne spp. and are 
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widespread and abundant and may be impacting bananas 
growing in this area. 

Table 3. Mean nematode numbers/100 g of soil and roots 
extracted from banana soil and roots across 41 site in Western 
Australia.  

Nematode species 100 g soil 100 g roots 

Meloidogyne spp. 149 4,254 
Helicotylenchus dihystera 41 281 
Radopholus sp. 20 0 
Paratrichodorus sp. 20 0 
Helicotylenchus multicinctus 402 6,619 
Paratylenchus sp. 10 0 
Criconemella sp. 11 0 

In north Qld, both Meloidogyne spp. and H. 
multicinctus were extracted from 71% and 11% of soil 
samples respectively across the sites with 3,075 H. 
multicinctus per 100 g root recovered.   R. reniformis was 
extracted from 68% of sites with an average of 447/100 g 
soil. R. reniformis has recently been found on cotton in 
Australia (7) and is a limiting factor to both cotton and 
sweet potato production in the USA (8, 9). Its effect on 
banana production in Queensland is unknown at this time. 
R. similis was extracted from only 18% of soil samples, but
from 33% of root samples with average numbers of
12/100 g soil and 1,115/100 g roots (Table 4).

Table 4. Mean nematode numbers/100 g of soil extracted from 
banana soil across 38 sites and /100 g roots extracted from 
banana roots across 9 sites in north Queensland. 

Nematode species 100 g soil 100 g roots 

Meloidogyne spp. 136 4,221 
Helicotylenchus dihystera 359 344 
Radopholus similis 12 1,115 
Paratrichodorus sp. 3 0 
Helicotylenchus multicinctus 79 3,075 
Pratylenchus sp. 14 0 
Criconemella sp. 118 0 
Rotylenchulus reniformis 447 140 
Hoplolaimus sp. 30 0 

The survey of plant-parasitic nematodes in banana 
producing regions has revealed a shift in north Queensland 
away from R. similis being the dominant nematode in 
banana production soils. H. multicinctus has been found 
widespread in all banana producing regions 

Pathogenicity testing is required to establish the 
extent of damage the most commonly recovered and 
abundant nematode species cause to banana production 
under Australian conditions. Then crop rotations and soil 
health options can be targeted to specific plant-parasitic 
nematodes for effective control. 

SUMMARY 

 The survey has determined the most common plant-
parasitic nematodes across banana growing regions 
of Australia to be Meloidogyne spp., H. multicinctus,
R. reniformis, R. similis, and P. goodeyi.

 100% of farms surveyed in subtropical Carnarvon in 
Western Australia have both H. multicinctus and or
Meloidogyne spp.

 P. goodeyi is confined to south-east QLD and NSW
with R. similis confined to the east coast of 
Australia.
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INTRODUCTION 
The root-lesion nematodes Pratylenchus thornei and P. 
neglectus are widespread in the Australian grain regions  
and capable of causing substantial yield loss of intolerant 
wheat cultivars (1, 2).  Current management relies on 
the use of tolerant cultivars that have minimal yield loss 
in nematode infested fields.  Future management should 
include resistant cultivars that have minimal 
reproduction of the nematodes in their roots.  Resistant 
cultivars yield better than susceptible cultivars and leave 
lower nematode populations in the soil to attack 
subsequent crops of wheat or other host cereal, pulse or 
oilseed crops.  Some synthetic hexaploid wheats (SHW) 
have resistance to both P. thornei anad P. neglectus (3). 
Quantitative trait loci (QTL) for resistance to P. thornei 
from SHW CPI133872, have previously been identified 
on chromosomes 2B and 6D and to P. neglectus on 
chromosome 2B (4, 5), but this SHW may  have 
additional genetic factors for resistance (6). Here we 
report the development of adapted P. thornei-tolerant 
wheat cultivars with combined resistance to P. thornei 
and P. neglectus from SHW CPI133872.   

MATERIALS AND METHODS 
Wheat genetic material for crosses and selection of 
progeny:  
Doubled haploids from the cross CPI133872/Janz 
selected for dual resistance to P. thornei and P. neglectus 
(4) were used as the resistant parents in top crosses (TC)
with the P. thornei-tolerant wheat cultivars EGA Wylie
and EGA Gregory.  Single plant progeny were selected 
for resistance to both nematode species in the
glasshouse at the TC1F2, TC1F3 and TC1F4 generations.
Seed from resistant TC1F4 plants was tested in field plots
for tolerance to P. thornei.  Selected lines were then 
evaluated in multiple replicated experiments for
resistance to P. thornei and to P. neglectus and tolerance 
to P. thornei in comparison with standard wheat
cultivars and parents.

Glasshouse experiments for resistance: 
Segregating progenies from the crosses were screened 
as single plants in pots of 330 g of pasteurised vertisol 
with mixed inoculum of 5,000 P. thornei and 5,000 P. 
neglectus/kg soil (7). Later generation fixed lines were 
screened as single plants in three replications of pots 
with either 10,000 P. thornei or 10,000 P. neglectus/kg 
soil.  Both types of experiments included replicated 
reference cultivars for resistance to P. thornei and to P. 
neglectus.  The pots were fertilised with 1g/pot of 
‘Osmocote® Landscape plus micronutrients’ slow-release 
fertiliser pellets (17–1.6–8.7 NPK) and water was 
supplied at 2 cm tension by bottom watering through 
capillary matting (8).  Soil temperature was maintained 
at 22˚C.  After 16-weeks growth, the matting was 
removed and the soil in the pots was allowed to dry to 

~45% moisture content.  The soil with roots in the 
bottom half of the pot was removed and stored at 3˚C.  
Fresh pasteurised soil was placed in the bottom half of 
the pot, and the plant in the top half of soil was returned 
and grown on to maturity to obtain seed.  The stored 
bottom half was processed by manually pulling the soil 
apart, cutting roots into <1 cm pieces and mixing.  A 150-
g (undried weight) subsample was extracted for 
nematodes at 22°C for 48 hours by the Whitehead tray 
method.  Soil moisture was determined on a 100 g 
subsample by drying at 105˚C for 2 days.  Nematodes 
were counted in a Peter’s slide (Chalex Corporation) 
under a compound microscope and expressed as 
number/kg soil oven-dry equivalent.  The range of 
counts on a loge scale from mixed model statistical 
analysis was divided into nine sub-ranges which were 
assigned resistance ratings of 1 (very susceptible) to 9 
(resistant) and averaged across experiments.  Average 
values are presented as the nine alpha ratings used by 
National Variety Trials (9), namely, R (resistant), RMR 
(resistant–moderately resistant), MR (moderately 
resistant), MRMS (moderately resistant–moderately 
susceptible), MS (moderately susceptible), MSS 
(moderately susceptible–susceptible), S (susceptible), 
SVS (susceptible–very susceptible) and VS (very 
susceptible). 

Field experiments for tolerance:  
Tolerance was assessed by grain yield on a site heavily 
infested with P. thornei (10).  The site at Formartin 
(27.46401°S, 151.42616°E), 70 km west of Toowoomba 
on the Darling Downs, Queensland was managed in a 4-
year rotation of (i) bulk wheat (ii) test plots of wheat (iii) 
long fallow (iv) sorghum-long fallow. This rotation 
ensures high populations of P. thornei before sowing the 
test plots, and the remainder of the rotation serves to 
even out nematode populations during fallow and 
growth of the resistant crop sorghum, before again 
building even populations of nematodes in the first bulk 
wheat crop to challenge the second year test plots.  Each 
year that wheat was to be grown, the land was fertilised 
with 120 kg N/ha as urea at ~1 month before sowing.  
The plots also received 40 kg/ha Starter Z (Granulock Z) 
supplying 4.4 kg N/ha, 8.7 kg P/ha, 1.6 kg S/ha, and 0.4 
kg Zn/ha with the seed at sowing.   
The TC1F5 seed from single plants selected for dual 
resistance in the glasshouse experiments was sown as 
single plots of two rows 25 cm apart by 5 m long.  At 
maturity, seed was harvested by hand.  This TC1F6 seed 
was sown along with P. thornei tolerance standard 
wheat cultivars and parents in row:column designs in 3-
replicate field experiments with two times of sowing and 
repeated years.  Plot size in these experiments was 7 
rows by 8 m with 6 m machine- harvested for grain. The 
range of grain yield from mixed model statistical analysis 
of each experiment was divided into nine sub-ranges 
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which were assigned tolerance ratings of 1 (very 
intolerant) to 9 (tolerant) and averaged across 
experiments.  Average values are presented as the nine 
alpha ratings used by National Variety Trials (9), namely, 
T (tolerant), TMT (tolerant–moderately tolerant), MT 
(moderately tolerant), MTMI (moderately tolerant–
moderately intolerant), MI (moderately intolerant), MII 
(moderately intolerant–intolerant), I (intolerant), IVI 
(intolerant–very intolerant) and VI (very intolerant). 

RESULTS AND DISCUSSION 
Following the above protocols we have developed four 
cultivars that have proven resistance to both P. thornei 
and P. neglectus and tolerance to P. thornei (Table 1). 

Table 1. USQ wheat cultivars (in bold) that combine 
Pratylenchus thornei resistance and tolerance and P. neglectus 
resistance compared with parental and standard cultivars.  
Ratings for these four cultivars are based on ≥ 3 glasshouse 
resistance experiments and 4 field tolerance experiments and 
for other cultivars  on 4 to > 30 experiments. 

Genotype P. thornei P. neglectus 

Resistance Tolerance Resistance

QT16255 MR MT MRMS 
USQW15008 MR MT MRMS 
QT16257 MR MT MRMS 
QT16261 MR MT MRMS 
Suntop MRMS TMT S 
Wallup MRMS MT MS 
EGA Wylie MSS TMT MSS 
GS50a MR MT SVS 
EGA Gregory MSS TMT S 
Lancer MSS TMT S 
Janz S I S 

These are the first cultivars carrying resistance to both P. 
thornei and P. neglectus offered to wheat breeders in 
backgrounds of highly P. thornei-tolerant Australian 
wheat cultivars.  Both Janz and EGA Gregory are cultivars 
that have been widely grown in eastern and southern 
Australian grain regions.  Both EGA Wylie and EGA 
Gregory are cultivars with a high degree of tolerance to 
P. thornei.  Dual resistance from CPI133872 for the two 
most economically damaging root-lesion nematode
species in Australia has now been incorporated into
these backgrounds.  Markers for the P. thornei and P. 
neglectus QTL resistances from CPI133872 have been
developed in collaboration with AWBMMP (5) and are 
available to plant breeders from University of Adelaide.
When these combined levels of resistance and tolerance
are made available in commercial wheat cultivars it will
greatly assist grain growers in managing both P. thornei
and P. neglectus infestations.

SUMMARY 

 Doubled haploid wheat previously selected for
resistance to both P. thornei and P. neglectus from a
SHW CPI133872/Janz population was top-crossed
into elite P. thornei-tolerant Australian wheat
cultivars EGA Wylie and EGA Gregory.

 Progeny were selected for resistance to mixed P.
thornei and P. neglectus inoculum at TC1F2, TCIF3
and TC1F4 stages in the glasshouse and TC1F5 lines
were screened for tolerance in the field followed by

more extensive characterisation of selected cultivars. 

 Four adapted cultivars with confirmed resistance and
tolerance to P. thornei and resistance to P. neglectus
are now available as parents for Australian breeding
companies under Material Transfer Agreement
(MTA) from USQ and GRDC.
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Identifying disease-suppressive crops for the management of Fusarium wilt in banana 
Warman, N.M., O’Neill, W.T., Cobon, J.A. and Pattison, A.B. 

Department of Agriculture and Fisheries, 41 Boggo Road, Dutton Park, QLD, 4102 

INTRODUCTION 
Fusarium wilt, caused by the soilborne fungus Fusarium 
oxysporum f.sp. cubense (Foc), is one of the most 
important diseases in banana plantations worldwide [1]. 
Not only does it cause catastrophic crop losses, but also 
the range of management options are severely limited. 
Disease suppression in soils using rotation crops has 
been studied under various cropping systems [2-4]. In 
banana, the use of Chinese leek, as well as pineapple 
and maize rotations have been explored [5, 6]. In this 
study, we assessed species of commercially available 
tropical pasture legumes and grasses in order to identify 
plant species which may prove to be non-hosts of Foc 
subtropical race 4 (Foc SR4) or potentially suppress the 
disease incidence caused by Foc SR4 in field soil. 

MATERIALS AND METHODS 
Rotation species and potting method: 
Species of legumes and grasses used in glasshouse 
experiments are outlined in Table 1 and Table 2. Bare 
(no crop) inoculated soil and bare uninoculated soil were 
included as positive and negative controls, respectively 
in each experiment. 

Table 1. Legume species used in rotation experiment with 
banana (Cavendish cv. ‘Williams’) 

Species Name 
Common 
Name/Variety 

Rhizobium 
Inoculum 

Chamaecrista rotundifolia Wynn Cassia M 

Crotalaria spp. Sunn hemp M 

Leucaena leucocephala Leucaena N/A 

Stylosanthes hamata  Caribbean stylo CB1650 

Clitoria ternatea Butterfly pea M 

Macroptilium bracteatum  Burgundy bean CB1717 

Arachis pintoi  Pinto peanut CIAT3101 

Table 2. Grass species used in rotation experiment with banana 
(Cavendish cv. ‘Williams’) 

Species Name Common Name/Variety 

Paspalum notatum Bahia grass 

Cynodon dactylon Bermuda grass 

Pennisetum clandestinum Kikuyu 

Urochloa mosambicensis Sabi grass 

Bothriochloa pertusa Indian blue grass 

Paspalum dilatatum Dallis grass 

Melinis minutiflora Molasses grass 

Digitaria didactyla Qld blue couch 

Dactyloctenium australe Sweet smother grass 

Axonopus compressus Broadleaf carpet grass 

Axonopus fissifolius Narrowleaf carpet grass 

Sorghum spp. Sweet Jumbo LPA 

A red ferrosol soil from Redlands Research Facility in 
Queensland, was used to fill 200 mm diameter pots 
containing an empty 100 mm diameter pot in the centre. 
Seeds of rotation crops were sown around the outside of 

the 100 mm pot. Prior to sowing, legumes were 
prepared with their corresponding rhizobium inoculum 
(Table 1) as per manufacturer’s instructions. Species 
were grown for 2 weeks before inoculating with Foc SR4. 

Foc SR4 inoculum application: 
Sterilised millet was inoculated with Foc SR4. One 5 mm 
square plug of PDA containing Foc SR4 (BRIP 42107 and 
40272) was added per 100 mL of millet and left to 
colonise for 2 weeks at 26°C. The colonised millet was 
mixed together then ground using a mortar and pestle. 
The ground millet (10 mL) was added to a falcon tube 
and made up to 50 mL volume with sterilised distilled 
water. This mixture was shaken vigorously, distributed 
evenly over the surface of the soil and covered with an 
additional 100 mL of soil. Rotation species were 
maintained at 25°C in glasshouse conditions at the 
EcoSciences Precinct, Dutton Park, Queensland. 

Banana bioassay and root samples: 
After 3 months of growth, rotation species were cut at 
soil level and the empty 100 mm diameter pot was 
removed from the centre of each pot. Three root 
systems from each pot were collected for isolation 
studies. The plant tops from each pot were weighed, 
finely chopped, and 20% (up to 50 g) was returned to the 
soil surface. Cavendish banana plants grown from tissue 
culture and maintained in 100 mm pots were planted 
into the centre pot space. Additional field soil was used 
to cover the surface of the soil in the pot. 

Isolation of Foc SR4 from rotation species root samples: 
Root samples taken from the pots were washed under 
running water to 30 minutes to remove excess soil. 
Roots were then surface sterilised for 1 minute in 1% 
sodium hypochlorite solution, then rinsed twice in sterile 
distilled water for 30 seconds each time. Root samples 
were air dried and cut into smaller segments before 
plating on Nash and Snyder medium [7]. Ten root 
segments were used per plant species. Any Fusarium like 
growth was assessed microscopically and F. oxysporum 
isolates were then characterised using vegetative 
compatibility group (VCG) analysis to determine whether 
or not they were Foc SR4. 

Assessment of banana bioassays: 
After 3 months, banana plants will be assessed and rated 
on external symptoms caused by Foc SR4, including 
yellowing of foliage, wilting of leaves and splitting of the 
pseudostem. Internal corm discolouration will also be 
determined using the disease rating scale outlined in 
Viljoen et al. 2017 [8]. 

RESULTS TO DATE 
Isolation of Foc SR4 from roots of rotation species: 
Legumes 
Of the 12 samples of F. oxysporum recovered from the 
legume species, only two were positive for Foc SR4 
through VCG analysis. These were Crotalaria spp. (Sunn 
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hemp) and C. ternate (Butterfly pea). No Fusarium was 
isolated from the roots of L. leucocephala (Leucaena), 
S. hamata (Amiga stylo) and A. pintoi (Pinto peanut).

Grasses 
Nineteen F. oxysporum isolates were recovered from the 
roots samples of the grass species. Of these, two tested 
positive to Foc SR4 through VCG analysis. These were D. 
austral (Sweet smother grass) and Sorghum spp. (Sweet 
Jumbo LPA). No Fusarium was recovered from the root 
subsamples of P. notatum (Bahia grass) and A. fissifolius 
(Narrowleaf carpet grass). 

DISCUSSION 
The next key stage is to determine the carry-over of 
inoculum by the rotation crops through the assessment 
of external symptoms and corm discolouration ratings 
on the banana bioassays. Due to the limited number of 
root samples collected from each rotation species, 
isolations from root subsamples may not have identified 
all hosts of Foc SR4. The use of a banana bioassay will 
assist in distinguishing between poor rotation crops and 
those that host the pathogen at lower levels or not at all. 

The identification of several grass and legume 
species of rotation crops as hosts of Foc SR4 provides 
valuable information for growers when assessing the use 
of rotation crops to reduce the pathogen levels. To 
reduce the longevity or survival of Foc in the soil, it is 
essential to reduce the likelihood of inoculum carry over 
in alternative host species.  

SUMMARY 

 Two species of legumes and two species of grasses
were hosts of Foc SR4.

 Persistence of Foc SR4 from the rotation crops is yet
to be determined through the banana bioassays.

 The identification of rotation crops suppressive to
Foc inoculum level and/or disease in banana is an
important aspect required for the long term
management of Fusarium wilt in banana.
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INTRODUCTION 
Panama disease (Fusarium wilt) is one of the most 
important diseases in banana plantations worldwide [1]. 
While symptoms of Panama disease are only expressed 
in banana, the pathogen (Fusarium oxysporum f.sp. 
cubense, Foc) is known to survive on other plant species 
and this mode of survival may be extremely significant 
for the long term persistence of the pathogen in the 
absence of bananas. The identification of alternative 
hosts that allow Foc to survive and persist is important 
for inoculum control, reducing the spread of the 
pathogen and long-term management of Panama 
disease. It is hoped that non-host species which may 
assist in suppressing the disease can also be identified. 
Results will be collated into an Alternative Host Manual 
as a guide to the host potential of weeds and 
rotation/cover crops for growers. The identification of 
alternative hosts will assist banana growers to identify 
potential refuges of inoculum that can be removed 
before replanting bananas. 

MATERIALS AND METHODS 
Field surveys:  
Surveys were conducted on tropical (north Queensland) 
and subtropical (south-east Queensland and northern 
New South Wales) banana farms to identify alternative 
hosts of race 1 (R1) Foc, vegetative compatibility groups 
(VCG) 0124 and 0125. Weed and ground cover species 
were collected in close proximity to banana plants 
showing external symptoms of infection. Roots of plants 
collected in surveys were washed under running water 
for 30 minutes to dislodge any excess soil before being 
surface sterilised (1% sodium hypochlorite solution for 1 
minute followed by two rinses in sterile distilled water 
for 30 seconds). Root pieces were then blotted dry and 
small segments were plated onto Nash-Snyder selective 
media. Fusarium isolates were subcultured for 
identification and Fusarium oxysporum isolates were 
single spored before characterisation using PCR and/or 
vegetative compatibility group testing. 

Glasshouse experiments: 
Experiment 1.  
A glasshouse experiment was conducted using eighteen 
potential alternative hosts from north Queensland 
(Table 1) grown from seed or collected from areas where 
Foc is not known to occur. Each species was grown in 
pots in glasshouse conditions and inoculated with Foc 
colonised millet. Inoculum was prepared by transferring 
plugs from culture plates of Foc subtropical race 4 (SR4) 
into containers of sterilised millet. Two isolates (VCG 
0120; BRIP 42107 and BRIP 40272) were grown in 
separate containers and combined once the millet was 
fully colonised with fungal mycelium. Viability was tested 
by plating colonised millet grains onto potato dextrose 
agar. Once the plants had become well established and 
were actively growing in the glasshouse they were 
inoculated by mixing 5mL of the Foc colonised millet into 
the surface layer of the potting mix. Uninoculated 

controls of each species were treated with sterile millet. 
Cavendish bananas (cv. Williams) were also inoculated 
with colonised millet or sterile millet as positive and 
negative disease controls respectively. The experiment 
had a randomised design with one replicate of each of 
the species plus banana controls being blocked together 
within the glasshouse. Uninoculated plants were 
randomised in a separate block to avoid splash transfer 
of the pathogen from Foc inoculated plants. When 
banana control plants exhibited symptoms of Panama 
disease the plants were harvested and the roots were 
assessed in the laboratory for the presence of the 
pathogen using the isolation procedure outlined above 
for field specimens. 

Table 1. Alternative Host Species Experiment 1 

Species Name Common Name 

Synedrella nodiflora Cinderella weed 

Praxelis clematidea Praxelis 

Cyperus rotundus Nut grass 

Cyperus brevifolius Mullumbimby couch 

Amaranthus viridis Green amaranth 

Eleusine indica Crowsfoot grass 

Paspalum conjugatum Sourgrass 

Panicum maximum Guinea grass 

Tridax procumbens Tridax daisy 

Ageratum conyzoides Blue top 

Cleome aculeata Spiny spider flower 

Digitaria ciliaris Summer grass 

Centella asiatica Pennywort 

Axonopus compressus Broadleaf carpet grass 

Brachiaria decumbens Signal grass 

Brachiaria humidicola Humidicola 

Arachis pintoi Pinto peanut 

Chloris gayana var. Callide Callide Rhodes grass 

Experiment 2. 
A second experiment was conducted using eight 
potential alternative hosts from the subtropics. 
Materials and methods were as for experiment one with 
the following exceptions: field soil (Ferrosol) was 
substituted for potting mix and inoculum was added in 
the form of a millet slurry (colonised grains ground using 
a mortar and pestle and added to sterile distilled water), 
rather than whole grains.  
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Table 2. Alternative Host Species Experiment 2 

Species Name Common Name 

Conyza Canadensis Horseweed 

Bidens pilosa Cobbler’s peg 

Solanum nigrum Blackberry nightshade 

Stachys arvensis Stagger weed 

Dichondra repens Kidney weed 

Commelina cyanea Scurvy weed 

Gamochaeta calviceps Cudweed 

Macroptilium atropurpureum Siratro 

RESULTS AND DISCUSSION 
Field surveys: 
Roots from field collected samples of 40 different 
species were analysed for the presence of the pathogen 
as an endophyte. Six species were identified as hosts of 
race 1 Foc under field conditions; cobbler’s peg (Bidens 
pilosa), spiny spider flower (Cleome aculeate), summer 
grass (Digitaria ciliaris), crowsfoot grass (Eleusine indica), 
blackberry nightshade (Solanum nigrum) and oriental 
false hawksbeard (Youngia japonica).  

Glasshouse experiments: 
Foc was recovered from the roots of all eighteen species 
included in experiment 1 as well as the inoculated 
banana controls. No Foc was recovered from 
uninoculated controls. The pathogen was recovered 
more consistently from some species than others; for 
example, Foc was isolated from 8/10 reps of 
Mullumbimby couch. Conversely, there were other 
species (e.g. pennywort and Praxelis) that seemed to be 
poorer hosts, with the pathogen being recovered from 
few reps and from few root pieces when it was 
recovered. Experiment 2 is still underway at the time of 
writing. 

These studies corroborate the host status of a 
number of weed species (or closely related species) 
identified in previous studies, both field survey (2 - 4) 
and inoculation experiments (5, 6) and implicates several 
more which have not previously been identified. Three 
species which were found to be R1 hosts in the field 
survey (spiny spider flower, summer grass and crowsfoot 
grass) also hosted SR4 in experiment 1. Inoculation 
studies may overstate the capacity of Foc to exploit 
alternative hosts in naturally infested field soils but 
demonstrate that the species may have the potential to 
host the pathogen.  

The alternative hosts of Foc represent a 
diverse range of plant families and growth habits 
suggesting that the pathogen is an efficient coloniser of 
a wide range of species. Long term persistence of the 
pathogen in the absence of a banana host is often 
attributed to survival of chlamydospores (7), however, 
survival as a non-pathogenic parasite of weeds may be 
more plausible (8).  

SUMMARY 

 Six species were identified as hosts of race 1 Foc
under field conditions.

 All 18 species from north Queensland hosted sub-
tropical race 4 Foc when inoculated in a glasshouse
experiment.

 Alternative hosts are emerging as an important long
term survival mechanism for Foc in the absence of a
banana host.
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INTRODUCTION 
The Australian Cotton Industry’s adoption of transgenic 
cotton crops has given growers the platform to minimize 
insecticide use against cotton pests. Another major problem 
faced by the cotton industry is the sustainable management 
diseases particularly seedling diseases such as black root rot 
(BRR), Fusarium, Pythium and Rhizoctonia (1). These diseases 
affect seedling establishment, survival and development. 
Seed treatments with synthetic chemistries are widely 
adopted to control these (2); however, the complexity of the 
diseases makes it impossible for a single treatment to protect 
seedlings and promote development completely free from 
disease. Thus, there is always a need to explore and develop 
novel chemistries and biocontrol agents for higher effective 
seed treatments. Field trials were therefore conducted to 
evaluate the efficacy of novel chemistries and biocontrol 
agents against seedling diseases as a whole and BRR in focus. 

MATERIALS AND METHODS 
Synthetic products and biocontrol agents: 
An industrial partner agreed to supply a novel product 
(EXF10670-V) under development and commercially available 
products not yet registered for use on cotton (A-16148-F, A-
9142-G and A-9142-G) for testing in 2017-2018 season (Table 
1). Two novel plant-extracts (PlantW and PlantY) and two 
potential biocontrol agents (DAT511 and DAR78162) from Dr 
Robert Mensah, Biopesticide and Semiochemical NSW DPI 
research program) were also included in this field screening 
(Table 1).  

Table 1: Products and biocontrol agents used for field trials 
screened for seed treatment efficacy in season 2017-2018   

a
 Trial fields included two at the Australian Cotton Research 

Institute (ACRI) and three geographically distinct commercial 
cotton farms in NSW at Merah North, Warren and Griffith. 

All trials included cotton black seeds (non-treated) as 
negative control and commercially treated seeds with 
Dynasty as positive control. All selected fields were known 
with history of BRR, Pythium and Rhizoctonia damping off. 
Field 1, ACRI: 
The field experimental design was randomized with four 
19m-long rows per replicate, and four replicates for each 
treatment. Two trials with different planting dates, including 
early planting in 09/2018 and late planting in 10/2018 were 
conducted at field 1. 
Field 2, Merah North: 

There was one 14m-long row per replicate and four replicate 
per treatment. All treatments were randomly arranged. The 
trial was planted in 10/2018. 
Field 3, Warren: 
Trial was first planted in early 10/2018 and replanted on late 
10/2018 due to sand blast damage. There were three 14m-
long rows per replicate and four replicates per treatment. All 
treatments were randomly arranged. 
Field 4, Griffith: 
Three 14m-long row per replicate and four replicate per 
treatment were randomly arranged. The trial was planted in 
10/2018. 
All off-site trials were established and managed with the 
assistance of the CSIRO Cotton Plant Breeding Unit, Narrabri. 
Seed treatments: 
Black cotton seeds (cv. Sicot 75RRF) were manually coated 
with the tested products as follows: thoroughly shake a 
mixture of 1kg of cotton seeds, 30mL of distilled water, 
designated volume of tested products (Table 1), and 3g of 
fluency agent (Bayer), the coated seeds were left air dried 
overnight in a fumehood cabinet. The seeds were bagged and 
planted using a planter at a rate of 13 seeds/m. 
Disease assessment: 
An assessment protocol was adapted from Nehl et al. (3). At 
least two 1m-long assessment points were assessed for 
seedling stands, disease incidence and severity of BRR, 
Rhizoctonia and Pythium damping off. All data were 
subjected to analysis of variance (ANOVA) using Graphpad 
Prism 7.04. 

RESULTS AND DISCUSSION 
Seedling stands: 
Early planting at ACRI (09/2018) had the lowest number of 
seedling stands, where the percentage of seedling survival 
was less than 42% on average (Fig 1). Trial at Merah North 
site, planted in 10/2018 had the highest percentage of 
seedling stands that being over 80% on average (Fig 2). It is 
known that low soil temperature in September is of a major 
factor affecting seedling stands (2).  

Figure 1: Percentage of seedling stands at ACRI site early 
planting in 09/2018 (Bars represent SEM). 

Average seedling stands at ACRI late planting (10/2018), 
Warren and Griffith sites were approx. 64%, 60% and 54%, 
respectively (data not presented). 

Products 

Recommended rate No. of trial 
fields

a
Product 
(mL/kg) 

Active (gai/kg) 

EXF10670-V 9 0.4 5 

A-16148-F 0.8 0.4 5 

A-9142-G 16.7 0.5 5 

A-10466-D 4 2 5 

PlantW 20 0.5 5 

PlantY 20 0.9 5 

DAT511 20 2x10
10

 spores/mL 5 

DAR78162 20 2x10
10

 spores/mL 5 

153

file:///C:/UserData/Documents/AResearch/ASDS%20Adelaide/Final%20review/Unformatted%20Steve/duy.le@dpi.nsw.gov.au
file:///C:/UserData/Documents/AResearch/ASDS%20Adelaide/Final%20review/Unformatted%20Steve/lephuduy08@gmail.com


Le et al. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

Figure 2: Percentage of seedling stands at Merah North site planting 
in 10/2018 (Bars represent SEM). 

Although the percentage of seedling stands in some 
treatments were recorded higher than those from controls, 
statistical analyses did not identify treatment effects in any 
trial sites. 
Black root rot incidence and severity 
There was little BRR observed at sites in ACRI early planting, 
Merah North and Warren despite BRR being declared a 
pandemic disease in 2004 (4). Thus, no statistical analyses 
were done for these sites; whereas, BRR incidences were as 
high as 33% and 39% on average at ACRI late planting and 
Griffith, respectively. Where observed, BRR incidences 
recorded on A-16148-F were lower than those from controls 
(Fig 3); however, there were no significant differences among 
the treatments.  

Figure 3: BRR incidence (percentage of seedlings with symptoms of 
BRR) at Griffith site (Bars represent SEM). 

Disease indices (0-1), indicating the severity of the 
disease recorded in the trial sites were as low as 0.08 and 
0.16 at ACRI late planting and Griffith, respectively (data not 
presented).  
Rhizoctonia rot incidence and severity 
Rhizotonia rot was prevalent in all trial sites. Disease 
incidence was recorded as high as 90% on average (Fig 4) at 
ACRI late planting, while Rhizoctonia rot incidence was lowest 
at Merah North site (data not presented). However, 
Rhizoctonia rot incidence, as a whole did not statistically 
respond to treatments at all trial sites. 

In most sites, typical symptoms including reddish lesions 
and girdles around collar regions were observed on young 
seedlings (3-4 weeks after planting), little damping off caused 
by Rhizoctonia sp. was observed. 

Figure 4: Rhizoctonia rot incidence (percentage of seedlings with 
symptoms of reddish lesions and girdles) ACRI late planting in 
10/2018 (Bars represent SEM). 

Figure 5: Rhizoctonia rot index (0 =  healthy seedlings; 1 = damping 
off seedlings) at Warren site (Bars represent SEM). 

Disease indices were recorded from 0.08 on average at 
Warren site (Fig 5) to 0.4 at ACRI late planting (data not 
presented). There was no treatment effect found among 
treatment at all sites. 
Pythium rot incidence and severity 
There was little Pythium rot observed in all trial sites. 

SUMMARY 

 Seedling stands were affected by planting dates rather
than treatment effects.

 BRR incidences and indices were recorded lowest on A-
16148-F treatment; yet statistical significances were not
consistent among sites. Repeating trials are warranted.

 Disease pressures recorded on control black seed were
comparable to other treatments including Dynasty
treated seeds.
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INTRODUCTION 

CropSafe is a pest and disease surveillance program for 

grains, which is dependent upon a voluntary 180-

member agronomist network (approximately 85% of 

Victoria’s agronomists) to identify threats to the Victoria 

grains industry. During the growing season, advisors 

submit plant samples to CropSafe that have been 

collected during routine crop inspections where the 

causal agent cannot be identified. Diagnosis of these 

samples generates surveillance data and real-time 

industry intelligence. CropSafe has been generating data 

since 2007. 

During an average season between 100-200 

samples are received by Agriculture Victoria’s CropSafe 

program.  Between 20-40 samples are affected by soil-

borne diseases in most years as the primary cause of 

damage.   

The aim of this paper is to identify potential 

trends in soil-borne samples submitted and if there is a 

potential correlation between diseases diagnosed 

between 2007 and 2017. 

METHODS 

Using the CropSafe data set, the six most commonly 

diagnosed soil-borne diseases were ranked based on the 

percentage of samples submitted. This data set was 

then analysed using excel (MS office 2016) to determine 

the correlation coefficient for these six diseases. 

The percentage of rhizoctonia samples each 

region submitted was calculated based on the CropSafe 

regions. These regions are the Mallee, Wimmera, 

Northern (Loddon Campaspe, Goulburn, Ovens Murray), 

and Southern (Gippsland, Central highlands, Barwon, 

Great south coast) regions. 

RESULTS AND DISCUSSION 

The most frequently diagnosed soil borne disease for 

CropSafe was rhizoctonia representing 38% of soil-borne 

samples followed by sclerotinia with 24%. Take-all, 

Crown rot and Root lesion nematode (RLN) each 

contributed around 10% and cereals cyst nematode 4%. 

A series of dry growing seasons and average to 

dry summers in 2008 and 2009 saw levels of rhizoctonia 

as the primary pathogen causing damage in CropSafe 

samples increase. Pre-2008, rhizoctonia samples were 

below 10 per year and went to over 30 samples in the 

dry years.  The wet spring and summer in 2010 

significantly decreased the samples submitted to 

CropSafe with rhizoctonia affected roots.   

Figure 1. The number of samples submitted to CropSafe that 

were diagnosed with rhizoctonia or sclerotinia as the primary 

pathogen. 

Table 1. Correlation co-efficient for soil-borne disease samples diagnosed in the CropSafe program between 2007 and 2017. 
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Year 

Samples submitted to CropSafe diagnosed 
as sclerotinia or rhizoctonia 

Rhizoctonia Sclerotinia

Rhizoctonia Sclerotinia Take-all Crown rot RLN CCN 

Rhizoctonia 1 

Sclerotinia 0.76 1 

Take-all -0.19 -0.31 1.00 

Crown rot 0.17 0.24 0.27 1.00 

RLN 0.06 0.08 -0.59 -0.03 1.00 

CCN 0.25 -0.11 0.12 -0.24 0.27 1 
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A second very wet year in 2011 and the number of 

samples submitted was almost nil. A series of average to 

drier years following saw an increase in rhizoctonia in 

samples being submitted. Followed by a substantial 

reduction in rhizoctonia affected plant samples 

submitted after a very wet year in 2016.  

There also appears to be a strong correlation 

between the number of rhizoctonia samples submitted 

and the number of sclerotinia samples submitted (Table 

1). Over the 11 years that CropSafe has been conducting 

diagnostics, the Wimmera has submitted the largest 

number of rhizoctonia affected samples contributing 

over 40% of samples (Figure 2). Despite dry conditions 

and reduced tillage which would should lead to a higher 

incidence and severity of rhizoctonia (Page et al 2003), 

the Mallee has submitted less than 20% of rhizoctonia 

samples. This includes rhizoctonia as a secondary or 

tertiary pathogen. This could be due to better 

identification of this disease by advisors and/or better 

management of the disease in general. PREDICATA B 

maps show that the Northern part of the state has the 

highest rate of rhizoctonia which indicates that this may 

be the case. 

Figure 2. Percentage each region contributed to rhizoctonia 

samples submitted to CropSafe between 2007 and 2017. 

This trend indicates that although there has 

been good rhizoctonia identification training in the past, 

rhizoctonia affected sample submissions still follow rain 

patterns. This indicates the need for refresher training in 

rhizoctonia identification which could reduce the 

number of samples submitted each season (Kiggundu et 

al 2011). Statistics show that the Wimmera tends to 

submit the biggest proportion of CropSafe samples in a 

year so it is not surprising that the highest number of 

rhizoctonia diagnosed samples come from this region. It 

also suggests that future agronomist training should 

focus on rhizoctonia and sclerotinia identification which 

could be further intensified with targeted information 

products in dry years. 

SUMMARY 

 Rhizoctonia and sclerotinia are the most commonly

diagnosed soil-borne diseases in the CropSafe

program

 There is a strong positive correlation between

sclerotinia and rhizoctonia samples submitted.

 Identification training for soil-borne diseases should

focus on sclerotinia and rhizoctonia.
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INTRODUCTION 
The Australian almond industry is a significant sector in 
the Australian horticulture industry, with an estimated 
farm-gate value of approximately $1 billion and $464 
million earnings in exports (1). Australian almonds are 
grown in five major producing regions: Swan Region, 
WA; Adelaide Plains, SA; Riverland, SA; Riverina, NSW; 
Sunraysia, Vic; with over 95% of the crop produced in 
the latter three regions.  

The world market for almond nuts is increasing 
due to their high nutritional and industrial value. The 
Australian almond industry is therefore continually 
striving for yield improvements through the 
development of intensely managed orchards across 
regions with different climates. The features of almond 
orchards, especially modern orchards (e.g. increased 
tree densities, minimal pruning, and regular application 
of water and fertiliser), have been anecdotally linked to 
increases in disease. 

The current situation with endemic diseases in 
this rapidly expanding industry is unclear, and likely to 
vary depending on production practices and local 
climatic conditions. A good understanding of disease 
prevalence, aetiology, epidemiology and management is 
required to develop an effective integrated disease 
management (IDM) system for almond production, 
resilient to changes in regulatory policy and new 
pathogen incursions that impact disease management 
and market access. 

The overarching aim of this research is to 
determine the prevalence and impact of endemic 
diseases by conducting an industry-wide orchard survey 
and grower census to identify prevalent diseases and 
undertake correlation analyses of orchard variables to 
determine which agronomic factors predispose orchards 
to disease expression. For this symposium, we are 
presenting preliminary findings for soilborne diseases. 

MATERIALS AND METHODS 
Grower census: An electronic survey was developed to 
capture the prevalence and severity of almond diseases 
across south eastern Australia. The timing of the census 
in June/July aimed to yield a high response rate as this is 
the dormant phase of the growing season. Questions 
were asked about the proportion of orchards with 
disease and estimated impact on yield and quality, and 
orchard characteristics such as size, yield, age of 
orchards and cultivars grown. Most of the census 

response choices were yes/no or nominal/interval 
categories. Survey Monkey was used as the medium to 
disseminate the census to all growers registered with the 
Almond Board of Australia. Results will be captured in 
Excel and correlation analyses will be performed using 
Genstat. 

Pathogen isolation: Trunk, branch, shoot and root tissue 
were sampled from trees affected by dieback symptoms. 
Bark and outer cortical tissue were removed to expose 
vascular and surrounding tissue which was aseptically 
excised and plated to a selection of agar media (1/4-
strength PDA plus 100 ppm novobiocin; potato carrot 
agar (PCA) plus 10 pmm pimaricin, 50 ppm hymexazole 
and 10 ppm rifampicin; and PCA plus 10 pmm pimaricin 
and 10 ppm rifampicin). Trunk sections were also moist 
incubated in a humid chamber. Soil and root samples of 
trees showing dieback and/or canker symptoms were 
baited using the Eucalyptus sieberi cotyledon method 
(2).  

Pathogen identification and molecular characterisation: 
Agar cultures and fungal growth on humidified trunk 
sections were examined by light microscopy and suspect 
pathogens sub-cultured for further taxonomic and 
molecular characterisation. Resultant cultures were 
tested using ELISA for presence of Phytophthora spp. 

DNA extraction was performed using Bioline 
Isolate II Plant DNA kit with 100 mg of fresh mycelium 
according to manufacturer’s instructions. The ITS region 
was amplified with primers ITS1F and ITS4 (3, 4). PCR 
products were sent to Macrogen (Korea) for sequencing. 
Consensus sequences were computed from forward and 
reverse sequences in BLASTn and submitted for a BLAST 
search using the NCBI GenBank database to obtain 
species-level information. 

RESULTS AND DISCUSSION 
Verticillium dahliae was identified from stems of 2-3 yo 
trees suffering from shoot dieback. Phytophthora 
neiderhauserii was isolated from the trunk of an 18 mo 
tree with dieback symptoms. Phytophthora citricola and 
Chalaropsis sp. were isolated from humidified trunk 
sections of 12 yo trees with gumming and dieback 
symptoms. Other potential pathogens isolated from 
roots were Pythium ultimum, P. irregulare, Phytophthora 
spp., Rhizopus stolonifera and Rhizoctonia sp. Further 
identification to confirm species, plus pathogenicity 
studies to confirm causal pathogens will be conducted. 
Correlation with orchard factors will also be undertaken. 
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INTRODUCTION 
Of major agro-economic importance is the concept of 
the yield gap; the difference between the water-limited 
potential crop yield and the actual crop yield. Soilborne 
diseases have been identified as a key factor limiting 
crop yields and have been a focus for research aimed at 
decreasing disease-related losses of more than $400m 
per year for Australian farmers (1, 4, 5).     

The aim of the National Paddock Survey 
Project (NPS) is to determine and explain the size and 
variation in yield gaps for the rainfed cereal crop regions 
of Australia (6).  The NPS project monitored 250 fields 
from Southern, Northern and Western GRDC regions for 
soilborne pathogen levels, nutrition levels and crop 
yields during 2015/2016 seasons (6). In addition, pre-
sowing soils from these locations were analysed by the 
SARDI Root Disease Testing Service to quantify the 
pathogen DNA loads of a range of cereal root pathogens 
(Alan McKay, SARDI, pers. com.). This paper presents 
data for root health and the presence and severity of 
major soilborne diseases in the Australian grain belt. 

MATERIALS AND METHODS 
Field experiments and sampling: During 2015 and 2016 
growing seasons, plant root samples were collected from 
~200 fields and monitored for root health and disease 
incidence.   

In each field, on a 200m transect, root samples 
were collected from five points with a minimum of 10 
plants per point.  Samples were collected close to 
Zadocks GS31 growth stage and transported in a 
portable cooler to the CSIRO laboratory in Adelaide for 
analysis, to minimise damage during transport.  

Laboratory analysis: All root samples were subjected to 
gentle washing to remove attached soil and stubble and 
stored frozen until scoring for root health (root disease 
score) and individual disease identification.  Seminal and 
crown roots were independently scored for general root 
health using a 0-5 rating scale (0=>healthy; 5=>80% of 
roots were diseased or abiotic damage).  Additionally, 
the roots were collectively scored for the incidence of 
seven major soilborne diseases on a 0-2 scale, based on 
presence and severity (0=>no disease; 2=>50% of roots 
infected with the disease). The seven different diseases 
included: rhizoctonia root rot, Take-All, fusarium rot, 
pythium root rot, bipolaris root rot, phoma root rot and 
nematode damage (Cereal Cyst nematode & 
Pratylenchus).  Roots were also scored for non-biological 
damage and any root diseases whose symptoms didn’t 
match with those of the seven previously identified 
diseases.  

Representative root samples were 
photographed and subsamples of roots with typical 
symptoms of known diseases, and difficult to diagnose 
disease symptoms, were analysed using the SARDI RDTS 
service to check for the presence of known cereal 
pathogens. 

RESULTS AND DISCUSSION 
Root disease: In general, plant roots sampled across all 
regions contained at least some root damage. However, 
few fields had any significant levels (average score of 3 
or above) of diseased or damaged roots.  The average 
root disease scores across all regions during 2015 and 

2016 were: Southern=1.50.1 and 1.80.2, 

Western=1.20.2 & 2.30.1 and Northern=1.90.1 and 

2.350.12, respectively.   
There was a trend towards higher average root 

disease scores, in both crown & seminal roots, in 2016 
compared to 2015, indicating seasonal variation in root 
health. This was most notable within the fields of the 
Western region where root disease scores effectively 
doubled between the 2015-2016 growing seasons (Figure 
1). 

Figure 1. Root health across three agricultural regions in 2015 
and 2016 seasons. (Green=low disease score; Black=high 
disease score). 

159

mailto:Marcus.hicks@csiro.au


Hicks et al. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

Variation in disease incidence: No region or field was 
considered free from soilborne disease(s).  The seven 
root diseases scored ranged in incidence from wide-
spread (fusarium root rot, pythium root rot and 
nematode damage) to regionally localised (rhizoctonia 
root rot, bipolaris root rot and Take-all) to highly 
localised (phoma root rot). 

Diseases such as nematodes and fusarium were 
found at varying severities in fields across multiple agro-
ecological regions. Phoma root rot however was almost 
entirely restricted to a few farms, at relatively low 
severities, in a single agro-ecological region. Similarly, 
the rhizoctonia root rot was predominant in the 
Southern agri-ecological region compared to bipolaris 
root rot predominantly in the Northern and Western 
regions (Figure 2). 

Across all regions, some fields displayed the 
presence of a single dominant disease while many others 
showed the presence of multiple diseases (>2 diseases).  
In the Southern region, while some fields were 
dominated by Rhizoctonia, others showed multiple 
diseases (up to 4 diseases in a single field).  In addition, 
there was also a variation in the number of diseases 
observed in a single field between 2015 to 2016 growing 
seasons. This shift could point to the role that changing 
farm management and environmental factors can play in 
the appearance and severity of certain diseases (2, 4). 

Figure 2. Distribution of different disease incidences by region. 
(Small circle=low frequency; Large circle=high frequency). 

Pathogen DNA load versus disease expression:  Field 
surveys over multiple years revealed a weak direct 
correlation between pathogen DNA loads and the 
expression of disease symptoms (data not presented).   
These results confirm previous reports suggesting the 
role of other factors in disease expression (2, 3, 4). For 
example, abiotic factors (rainfall, soil fertility, residual 
herbicides), biotic factors (presence of suppressive 
microorganisms) and crop management practices 
(tillage, crop rotation and fertilizer additions), appear to 
play a significant role, in addition to pathogen DNA load, 
in determining the extent to which root disease 
symptoms are expressed (2, 4). It is generally considered 
that soilborne diseases are one of a number of biotic and 
abiotic factors that contribute to yield gap. Lawes et al. 
(6) reported that there was no observed relationship
between yield gap and any single factor, and yield gap is
a product of multiple biotic and abiotic factors.

SUMMARY 

 Root damage appears to be endemic across all 3
cereal crop growing regions (Western, Southern,
Northern).

 There was variation in both the distribution and
severity of individual disease(s) dependant on
regional area and roots from individual fields also
displayed multiple disease symptoms.

 Seasonal based variation in root disease incidence
was observed both within a single field and across
different regions.
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INTRODUCTION 
Cotton growers are always looking for ways to improve 
soil health in terms of soil microbial activity and 
biological functions in an effort to increase productivity 
and ensure long term sustainability.  Australian cotton 
growers in New South Wales and Queensland have been 
experimenting with the use of composts and manures 
for several years as a soil management strategy to 
increase soil health and resilience but the results have 
been variable (6).  The production and subsequent use of 
composts as a soil amendment has been studied in 
disturbed natural and agricultural systems throughout 
the world to determine their effects on soil health and 
productivity (1, 2, 5).  As cotton soils are often naturally 
low in biologically available organic carbon, composts 
can provide a source of carbon and nutrients, increase 
soil fertility and provide other biological and structural 
benefits (1-3). The addition of compost has important 
implications for disease control as it can suppress 
disease by increasing beneficial microorganisms and 
biological activity along with , decreasing pathogens  (3) 
and changing the genetic and catabolic diversity of 
microbial communities (4, 5).  

This aim of this work was to test how soil 
microbial activity and biological function responded to 
different compost types in Australian cotton soils. 
MATERIALS AND METHODS 
Field and Incubation Experiment: Various compost 
types were surface applied to at 5 t/ha a Vertisol in Qld 
(7) annually for 4 years and then soils were sampled in
May 2015.  Surface soil (0-10 cm) from the unamended
control treatment was mixed with amendments (L1=5
t/ha; L2=10 t/ha) and used for two controlled 
environment 6 month incubation experiments.  Soils
from both the field experiment and the incubation
experiment were assayed for different microbial
populations using microbiological (Microresp

®
) substrate

utilization profiles, molecular techniques (quantitative
PCR  for bacteria, fungi and functional genes involved in
C and N cycling) as well as biological activities using
biochemical and Gas Chromatography -based methods.
Statistical analyses: A minimum of 3 replicates were 
used for all treatments. Statistical analysis of the data
was conducted using the Genstat 18.1 (VSN Intl. Ltd).
RESULTS AND DISCUSSION
In general, the magnitude of the effect of compost
varied between compost types both in the field and 
controlled environment experiments.
The Basics - Chemical Composition of Composts:
Composts differ in both chemical composition and 
physical structure.  Table 1 shows the significant
variation in both the macro- and micro-nutrient,
between three types of compost - feedlot, poultry
manure and gin trash compost, used in cotton soils.
The feedlot compost generally contained higher levels of
dissolved organic C, total N and bicarbonate extractable 
P whereas the Gin trash compost had lower C and 
nutrient concentrations.  These differences have the 

potential to alter microbial diversity and activity which in 
turn affects soil microbial health & disease control (1, 3, 
5). 
Table 1: Chemical composition of compost materials. 

Feedlot Poultry Gin trash

Total Organic C % 23.35 15.25 9.50

Total N % 2.48 1.83 1.30

C:N 9.42 8.36 7.31

Dissolved Org C % 1.36 0.51 0.16

DOC as % total OC 5.8% 3.3% 1.7%

Dissolved Nitrogen % 0.40 0.18 0.15

DOC:DON 3.37 2.87 1.11

Bicarbonate extractable P mg/kg 4860 4460 849

Ca mg/kg 54600 25750 22500

K mg/kg 14050 11600 12800

Mg mg/kg 8660 7370 5205

Na mg/kg 4880 5870 612.5

S mg/kg 5520 5585 3120

Property

Short Term - Results from Controlled Environment 
Incubation:  The addition of compost at 5 and 10t/ha 
generally increased microbial activity during the first two 
weeks of incubation, with no effect after two weeks 
(Figure 1). 

Figure 1. The effect of compost addition on microbial activity 
(L1=5t/ha, L2=10t/ha) in the controlled environment compost 
amendment experiment. 

The effect of composts on the abundance of 
total bacteria (16S), nitrifying (amoA), nitrogen fixing 
(nifH) and denitrifying bacteria (nosZ) and total fungi (ITS 
gene) varied between different composts (Figure 2). 
Addition of all three compost materials had no 
significant effect on the 16S gene abundance, 4 and 24 
weeks after addition. There was a significant increase in 
the Pseudomonas population in the soil receiving 
Feedlot compost at both time points while Gin trash and 
Poultry only increased Pseudomonas at 4 weeks after 
addition and Poultry at 24 weeks after addition. 
Populations of soil fungi significantly increased with the 
addition of Feedlot compost at both rates and Poultry 
manure at 5 t/ha. Other changes include a significant 
increase in chitinase degrading microbial populations in 
soils receiving Gin trash and Feedlot manure compost 
and the effect lasted until week 24 in the Gin trash 
compost treatment (Figure 2). Compared to the Feedlot 
and Poultry manure composts, Gin trash compost has 
lower nitrogen and dissolved organic carbon indicating a 
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more recalcitrant material. There was a lower 
abundance of denitrifying bacteria in soils receiving Gin 

trash and Poultry manure composts compared to 
Control and Feedlot manure compost.

Note: , significantly different compared to control. 
Figure 2. Effect of addition of different composts on microbial abundances in the lab incubation experiment. 

Long Term - Results from Field:  Results from the field 
experiment demonstrated variation in the cumulative 
effect of the repeated application of different manures 
when applied annually to cotton soils. Results after 4 
years of application showed significantly higher cotton 
yield after the repeated annual application of beef 
manure and compost compared with conventional 
fertiliser treatment alone, poultry and gin trash manures 
or their composts (data not shown) 

Results for the field soils also indicated that 
the addition of various compost materials at 5 t/ha 
annually had little or no effect on the microbial biomass 
and activity measures including the nitrogen 
mineralization potential of soil (data not shown). 
However the catabolic diversity profile data indicated a 
change in the ability of microbial communities to utilize 
diverse carbon compounds (Figure 3). Results for the 
gene abundance of various microbial groups showed 
variation suggesting changes in overall microbial 
community composition.  

Compost application based changes in 
microbial activity and community composition has 
previously been suggested to influence disease 
suppressive activity in agricultural soils [3, 4]. 

SUMMARY 

 The macronutrient and micronutrient composition of
composts varies.

 Addition of composts at 5 and 10t/ha generally
increased microbial activity but the effect was only 
evident during the first 2-3 weeks (short-term). 

 Over time, the magnitude of the effect of compost
on biological functions and microbial diversity varied
between different composts which may have
implications for the effectiveness of different
composts for the expression of disease suppression.
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INTRODUCTION 
Soil-borne diseases of wheat (Triticum aestivum) and 
barley (Hordeum vulgare) cause economic losses in 
excess of $250 million per annum in southern Australia 
(1, 2). Establishing the distribution and identifying the 
main soil-borne pathogens enables effective targeting of 
research, development and extension investment to 
deliver management solutions to growers in problematic 
districts.  

The widespread use of the qPRC based test for 
soil-borne pathogens, PREDICTA®B, by growers, 
agronomists and researchers provides a wealth of 
information that can be used to inform pathogen 
prevalence. 

This study aimed to report the prevalence of 
soil-borne pathogens across the main cereal growing 
districts of Victoria using data collected from 
PREDICTA®B soil test results. 

MATERIALS AND METHODS 
Results from 753 soil samples were collated from cereal 
grain growing districts of Victoria during 2014 to 2017 
(Table 1). These soil samples were analysed using qPCR 
(PREDICTA®B) to quantify a range of soil-borne 
pathogens within the soil (3, 4). These samples included 
commercial PREDICTA®B samples and samples from 
agronomists collected as part of Agriculture Victoria’s 
surveillance activities. Soil samples were taken using the 
recommended PREDICTA®B sampling procedures (4). 

PREDICTA®B results are reported using risk 
categories. Medium and high risk categories are where 
grain yields may be limited by the pathogen during 
conducive seasons. The data was collated into the 
percentage of paddocks where the pathogen was 
present and where the pathogen was in a medium or 
high risk category.  

Pathogens (Disease they cause) identified and 
quantified using PREDICTA®B within this study included: 
Heterodera avenae (cereal cyst nematode), Pratylenchus 
neglectus (root lesion nematode), Pratylenchus thornei 
(root lesion nematode), Gaeumannomyces graminis var. 
tritici. (Take-all wheat + oat strains), Gaeumannomyces 
graminis var. avenae (Take-all oat strain), Rhizoctonia 
solani (Rhizoctonia), Fusarium pseudograminearum 
(Crown rot), Fusarium culmorum (Crown rot), 
Ditylenchus dipsaci (Stem nematode) and Phytophthora 
medicaginis (Phytophthora root rot).  

RESULTS AND DISCUSSION 
The most prevalent pathogens in this study were 
Fusarium spp., Rhizoctonia solani and Pratylenchus 
neglectus (Table 1). A high percentage (50 to 85%) of 
paddocks had two or more pathogens present, and 0 to 
25% of paddocks had two or more pathogens in the 
medium or high PREDICTA®B risk category. 

Approximately one third of paddocks in the Mallee 

district had Rhizoctonia solani densities in the medium 

or high risk categories. Fusarium spp. were detected in 

more than 50% of paddocks, with approximately one 

quarter of Mallee and Wimmera paddocks in the 

medium or high risk categories. Pratylenchus neglectus 

were detected in greater than 90% of paddocks in the 

Mallee and Wimmera districts, but only about 10% of 

paddocks had densities in the medium or high risk 

categories. In the Central and Western districts P. 

neglectus prevalence was above 80%, but <5% of 

paddocks were in the medium or high risk categories. 

Gaeumannomyces graminis var. tritici was detected in 

approximately 20% of paddocks, except in the central 

district where it was not detected. 

The high prevalence of these soil-borne 
pathogens indicates they are of potential importance in 
Victorian cereal cropping districts and research and 
extension should be focused on quantifying yield losses 
and developing control strategies for growers.  

No Ditylenchus dipsaci or Phytophthora 
medicaginis were detected. Gaeumannomyces graminis 
var. avenae was detected in <5% of paddocks. 
Heterodera avenae was detected in less than 8% of 
paddocks and not detected in the central or western 
districts confirming previous studies. This low 
prevalence of H. avenae reflects the success of 
resistance breeding in controlling what was the most 
damaging disease of cereals during the 1970s and 1980s. 

Overall, 0 to 25% of samples were infested 
with medium or high densities of two or more 
pathogens. The impacts of interactions between soil 
borne pathogens on disease development and yield loss 
is un-known. Given the high proportion of paddocks 
infected with yield limiting densities of more than one 
pathogen, further study is warranted. 

SUMMARY 

 Fusarium spp., Pratylenchus neglectus, and 
Rhizoctonia solani were detected at the highest
levels, with the highest risk to the Wimmera and
Mallee districts.

 A high number of paddocks had at least two
pathogens present in the medium or high risk
categories. This warrants further investigation.
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Table 1. Percentage of samples where soil-borne pathogens were present, where soil borne pathogens were detected at medium or high 
risk categories and where two or more pathogens were detected in four cereal growing districts in Victoria, 2014-2017. 

Pathogen (Disease) Risk Category 
Mallee 
District 

Wimmera 
District 

Central 
District 

Western 
District 

Number of samples collected (n=) 309 335 48 61 

Fusarium spp.
a
 

(Crown rot) 

Present 51 64 48 79 

Medium or High 27 23 2 15 

Rhizoctonia solani (AG8) 
(Rhizoctonia) 

Present 46 14 0 0 

Medium or High 30 8 0 0 

Pratylenchus neglectus 
(Root Lesion Nematode) 

Present 97 92 54 66 

Medium or High 15 12 2 3 

Pratylenchus thornei 
(Root Lesion Nematode) 

Present 28 50 48 26 

Medium or High 0 3 6 2 

Gaeumannomyces graminis var. tritici 
(Take-all wheat + oat strains) 

Present 27 24 0 15 

Medium or High 18 13 0 10 

Heterodera avenae 
(Cereal cyst nematode) 

Present 5 8 0 0 

Medium or High 1 1 0 0 

Percentage of paddocks with two or 
more pathogens 

Present 71 85 50 69 

Medium or High 25 15 0 10 
a
 Fusarium culmorum and F. pseudograminearum combined 
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INTRODUCTION 
In the northern grain growing region of Australia, the root-
lesion nematode Pratylenchus thornei (Pt) is the most 
common species of nematode impacting field crops (1) and 
is also responsible for the greatest impacts on yield (2).  

Currently, the best management practice to 
control Pt is to include resistant varieties or crop types into 
rotations. A resistant variety is defined as one which limits 
nematode reproduction in the roots (2) and can be 
assessed by determining the number of nematodes present 
in the soil post-harvest. 

Screening of cereal varieties for resistance to Pt 
has typically been conducted under controlled 
environmental conditions, using pot experiments in a 
glasshouse (2). More recently, data quantifying the post-
harvest Pt densities after growing cereal varieties has been 
collected from the field. These data form a multi-
environment trial (MET) dataset that can be used to 
investigate variety by environment (VxE) interaction and 
thus explore the stability of varietal resistance to Pt in the 
field. 

MATERIALS AND METHODS 
Description of experiments: A series of 13 field 
experiments conducted across the northern grains region 
from 2011 to 2015 comprised the MET dataset considered 
in this analysis.  

In order to quantify the post-harvest Pt densities 
at each experiment, soil cores were taken on a plot basis to 
a depth of 30 cm and quantified for Pt densities using 
PreDicta B analysis (3). Different winter cereal crop types 
were included in some experiments, with a combination of 
bread wheat, durum wheat and barley varieties tested. The 
sampling of experiments occurred at varying times after 
harvest, but always within a period of four months. 
Analysis method: The log-transformed post-harvest Pt 
densities were initially analysed using a linear mixed model 
framework on an individual experiment basis. The models 
included terms for spatial trends in the field, where 
appropriate (4). 

The MET analysis of the log-transformed post-
harvest Pt densities was conducted in a linear mixed model 
framework, with fixed effects included to account for 
experiment, crop type and their interaction. Random 
effects were included for replicate block at each 
experiment. A mixture of fixed and random terms were also 
included in the model to account for spatial trends 
detected in individual experiments, where appropriate (4). 

A factor analytic (FA) model was fitted to the VxE 
interaction effects (5), beginning with a first order model. 
Higher order terms were sequentially added until a suitable 
proportion (greater than 85%) of the VxE variance was 
explained by the FA component of the model. Both a 
residual maximum likelihood ratio test (REMLRT) and the 
Akaike information criteria (AIC) were used to confirm the 
selection of an appropriate model. 

Using Residual Maximum Likelihood (REML) 
estimation (6), estimates of the factor loadings and the 
specific (or residual) varietal variance at each environment 
were obtained from the FA model. Estimates of the genetic 
correlations between pairs of experiments were calculated 
from these factor analytic variance parameters, where the 
correlations provide a measure of the agreement in the 
post-harvest Pt densities of the varieties. 

Variety scores from the FA model were used to 
construct latent regression plots to explore the sensitivity 
of varieties to the hypothetical environmental influences 
represented by the loadings of each experiment, for each 
dimension of the FA model (7). 

Predictions of the post-harvest Pt densities for 
each variety at each experiment were provided from the FA 
model using the regression component of the empirical 
best linear unbiased predictions. All models were fitted 
using the ASReml-R package (8) in the R statistical 
computing environment (9). 

RESULTS 
A factor analytic model of order two (FA2) was selected as 
the most appropriate model for the VxE effects, accounting 
for 92% of the total VxE variance, with 80% of this variance 
accounted for by the first factor (variety) alone with the 
second factor (environment) accounting for a further 12%. 
Both the REMLRT and AIC confirmed that the FA2 was 
superior to the FA1 model. 

The estimated genetic correlations between pairs 
of experiments are displayed using a heatmap (Fig 1). All 
pairwise correlations are positive and range from 
approximately 0.3, indicating weak agreement in the 
variety ranks, through to 1, indicating strong agreement in 
the variety ranks.  

Figure 1. Heatmap of the genetic correlations between 
pairs of experiments. The coloured key indicates the 
correlation scale from -1 to 1. 
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 Given the limited VxE interaction evident in the 
data, the average post-harvest Pt density was calculated 
across all environments included in the MET analysis to 
provide an overall measure of varietal resistance (Fig 2). 
The average post-harvest Pt density provides growers with 
a simple, yet robust measure for the selection of varieties in 
terms of resistance to Pt. When back-transformed to the 
original scale of the data (Fig 2), the impact of variety 
selection is obvious, with an approximate eight fold 
difference in post-harvest Pt densities resulting from 
growing the most resistant variety, Suntop (approximately 
6 Pt g/soil) to the most susceptible variety, Strzelecki 
(approximately 48 Pt g/soil).  

Future work aims to apply similar techniques to 
analyse a combination of data collected from pot 
experiments in the glasshouse and from field experiments 
to explore the consistency of varietal resistance across the 
two experimental methods, for northern region varieties in 
northern region environments. 

SUMMARY 

 A multi-environment trial analysis of post-harvest
Pratylenchus thornei densities measured in 13 field
experiments conducted across the northern grain
growing region revealed a stable pattern of varietal 
resistance.

 Variety was the dominant effect in determining the
post-harvest Pratylenchus thornei densities, with very
low levels of variety by environment interaction evident
in these 13 field experiments, for the set of varieties 
considered.

 Outputs from the analysis provide growers with
valuable information regarding the resistance of
northern region varieties to Pratylenchus thornei under
field conditions.
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Introduction 
The root lesion nematode Pratylenchus thornei causes 
economic losses of $9 million per annum to wheat 
(Triticum aestivum) production in southern Australia (1). 
P. thornei is poly-cyclic with each lifecycle being as short
as 25 days at optimum temperatures (20-25˚C) for 
nematode reproduction (2).

The commercially available PREDICTA®B test 
identifies and quantifies nematode densities prior to 
sowing (3), with the density of nematodes present 
relating to disease risk. This test is widely used by grain 
growers and researchers, with the sampling times 
varying over the summer and autumn periods in 
southern Australia. During this period and throughout 
the growing season, the population dynamics of these 
nematodes are relatively unknown in southern Australia.  

The aim of this study was to monitor 
nematode densities in wheat varieties with differing 
resistance. Identifying peak nematode densities during 
and after a growing season will determine optimum 
sampling time to inform disease risk. 

Materials and Methods 
Four wheat varieties of differing resistance/susceptibility 
to P. thornei (Table 1), in six replicates were sown in 
field plots (each 17 m

2
) at Banyena, Victoria during

2017. 

Table 1. Resistance ratings of four wheat varieties to 
Pratylenchus thornei (4) 

Variety Resistance Rating
a

DBA-Aurora R 

Chara MRMS 

Wallup MRMS 

Yitpi S 
a R = Resistant; MRMS = Moderately Resistant Moderately 

Susceptible; S = Susceptible 

Plots were sampled six times during the 
season from July to March (at Zadok’s plant 
development growth stages (5) Z20, Z36, Z60, Z80, Z91 
and 16 weeks post-harvest). In each plot 20 cores were 
taken, evenly distributed across the plot, targeting the 
sowing rows and pooled into one sample. Samples were 
taken using an Accucore corer with a probe length of 
150 mm and diameter of 10 mm. The samples were 
analysed by qPCR by the PREDICTA®B soil testing service 
at SARDI. 

Data were natural log transformed and 
analysed using an Analysis of Variance in Genstat 
version 18 (VSN International). A Fisher’s pairwise 

comparison was used to compare sampling times, 
varieties and multiplication rates (final / initial 
nematode density). Ambient air temperature data was 
sourced from an on-site weather station at Banyena, 
Victoria. 

Results and Discussion 
The change in nematode density over time in the 
presence of the four wheat varieties with contrasting 
resistance/susceptibility to P. thornei is shown in Figure 
1. P. thornei numbers significantly (P≤0.05) decreased
from July (Z20) to September (Z60) for all wheat
varieties. After September (Z60) all varieties except for
DBA-Aurora (rated resistant) significantly (P≤0.05)
increased nematode densities to a maximum population
density in March (16 weeks post-harvest). DBA Aurora,
which is resistant to P. thornei, was the only variety to
have a final nematode density lower than the initial
nematode density. Differences between varieties with
different resistance categories were significant (P≤0.05)
from October until March, but there were no significant
differences between the two varieties rated MRMS.
Multiplication rates ranged from 0.26 for the resistant
DBA-Aurora to 5.14 for the susceptible Yitpi (Table 2).

Corresponding with the increase in nematode 
densities after September was an increase in mean 
maximum air temperature from 18˚C in September to 
23˚C in October. The mean maximum temperature then 
remained above 29˚C until the final sampling in March 
where the mean temperature dropped to 28˚C. 
Previously optimum air temperatures for P. thornei 
multiplication on carrot discs were reported to be 20-
25˚C (2), which is consistent with the present study 
where the soil would have been warming, but not 
reached the optimum temperatures. 

Interestingly, post-harvest nematode densities 
continued to increase despite no growing wheat plants.  
With paddocks being sampled from harvest (summer) to 
sowing (late autumn) and nematode densities increasing 
over this period, disease risk predictions will vary 
depending on the sampling time. Further research over 
the summer and autumn period is required to 
understand this change in risk. 

Summary 

 P. thornei population densities decreased 
significantly during winter and early spring. 

 P. thornei population densities increased 
significantly from mid spring and peaked over 
summer. 

 Further research over the summer and autumn
period is required to determine this change in risk.
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 When nematode densities prior to sowing are high,
consider sowing resistant varieties to reduce the

population. 

Figure 1. Change in Pratylenchus thornei densities (back-transformed) in the presence of four wheat varieties during the 
growing season (Zadok’s plant growth stage) and after plant harvest at Banyena, Victoria during 2017/18. 

Table 2. Multiplication (Pf/Pi) of Pratylenchus thornei in 
the presence of four wheat varieties at Banyena, 
Victoria during 2017/18 

Variety Multiplication Rate
a

DBA-Aurora (R) 0.26 a 

Chara (MRMS) 1.85 b 

Wallup (MRMS) 2.56 b 

Yitpi (S) 5.14 c 
a 

Values followed by the same letter are not significantly 

different P≥0.05. 
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INTRODUCTION 
Strawberry Fusarium wilt is caused by Fusarium 
oxysporum Schl. f. sp. fragariae Winks & Williams (Fof). F. 
oxysporum is a soil-borne pathogen which infects more 
than 100 plant hosts and triggers severe losses of crops 
production (1). Fof was first reported and discovered in 
Australia in 1965 (2). In Taiwan, Fof was first identified in 
2012 in central Taiwan (3). The strawberry Fusarium wilt 
disease symptoms include foliage wilting, stunting, 
vascular tissue discoloration, crowns and root necrosis, 
and eventually plant death. In this study, we have 
identified two highly virulent Fof isolates (Fofb 01-2 and 
Fofb 4-13) by direct inoculation and molecular marker. 
The application of biocontrol agents (BCAs) for plant 
disease control is becoming an important method in 
modern agriculture (4). The mechanisms of BCAs against 
pathogens are direct antagonism (hyperparasitism or 
predation), mixed-path antagonism (antibiotics, lytic 
enzymes, unregulated waste products, and physical or 
chemical interference), and indirect antagonism 
(competition and induction of host resistance) (5). 
However, the mechanisms of how BCAs controlling 
Fusarium wilt remain to be discovered. Therefore, a 
transcriptome analysis was applied for uncovering 
protection mechanisms after strawberry plants treated 
with BCA Bacillus mycoides isolate BM103. 

MATERIALS AND METHODS 
Plants, pathogens, and BCA 
Plants for assessment were cucumber (cv. Hua-Yan and 
Siou-Yan), watermelon (cv. Feeling and Grand Baby), 
Lettuce (cv. Hong-Cuei), pak choi (cv. San-Fong No. 2), 
tomato (cv. Known-You No. 301), and strawberry (cv. 
Fong-Siang). All tested seeds were purchased from 
Known-You Seed Co., Ltd., Taiwan. Strawberry seedlings 
were bought from Taiwan Seed Improvement and 
Propagation Station, Council of Agriculture, Taiwan. Fof 
isolates Fofb 01-2 and Fofb 4-13 were isolated from 
diseased strawberry plants and maintained on 
half-sugared PDA (potato dextrose agar; 200 g potato 
extract, 10 g dextrose, and 20 g agar in 1 L dH2O) every 
two weeks. The BCA was B. mycoides isolate BM103 
which was maintained on nutrient agar (beef extract 3 g, 
peptone 5 g, and 20 g agar in 1L dH2O). 
Pathogen inoculation and molecular identification 
The tested plants were planted in the Fusarium-infested 
soil (10

3
 spores g

-1
 soil). The disease symptoms were

recorded at 28 days after inoculation. For molecular 
identification, genomic DNA of Fofb 01-2 and Fofb 4-13 
were extracted for polymerase chain reaction (PCR) 
identification following the methods of Lin et al. (2010) 
(6). The specific primers for F. oxysporum and Fof were 
FnSc1/FnSc2 and FofraF/FofraR, respectively (6,7). 

BCA application 
For the BCA application, strawberry seedlings were 
immersed in 10

8
 colony forming unit (cfu) mL

-1
 BM103 

suspensions for 30 minutes and transplanted in the 
Fusarium-infested soil (10

3
 spores g

-1
 soil). The disease

symptoms of seedlings were recorded at 28 days after 
inoculation. 
Transcriptomic analysis 
Strawberry seedlings were drenched with 10

8
 cfu mL

-1

BM103 suspensions. The seedling roots were collected 3 
days after BM103 treatment. Total RNA of roots was 
extracted and analysed by next generation sequence for 
transcriptomic analysis (Welgene Biotech Co., Ltd., 
Taiwan). 

RESULTS AND DISCUSSION 
In the host range test (Figure 1), isolates from diseased 
strawberry (Fofb 01-2 and Fofb 4-13) showed a 
significant wilt symptom only on strawberry. Fofb 01-2 
and Fofb 4-13 also showed positive results by PCR with 
the primer sets FnSc-1/FnSc-2 and FofraF/FofraR (Data 
not shown). FnSc-1/FnSc-2 and FofraF/FofraR primers 
were reported to be specific to F. oxysporum and Fof, 
respectively (6,7). These results suggest that Fofb 01-2 
and Fofb 4-13 are highly virulent Fof and are specific to 
strawberry. 

Figure 1. Host range test of Fusarium oxypsorum f. sp. 
fragaria isolates Fofb 01-2 and Fofb 4-13 showed that 
only strawberry plants showed Fusarium wilt symptom 
while other plants remained healthy after inoculation. A. 
cucumber, cv. Hua-Yan; B. cucumber, cv. Siou-Yan; C. 
watermelon, cv. Feeling; D. watermelon, cv. Grand Baby; 
E. lettuce, cv. Hong-Cuei; F. pak choi, cv. San-Fong No. 2;
G. tomato, cv. Known-You No. 301; H. strawberry, cv. 
Fong-Siang. Upper rows of plants in each figure were 
controls and lower rows of plants in each figure were
inoculated with Fofb 01-2 (left) and Fofb 4-13 (right).
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The common methods for controlling Fusarium wilt 
up-to-date are chemical application and agricultural 
management. However, these methods have been 
shown a negative effect on environments. Therefore, 
novel methods such as BCAs applications were 
developed as environmental friendly methods (5). In our 
study, BCA B. mycoides isolate BM103 was used for 
examining the effect on controlling the Fusarium wilt. 
BM103 application decreased the disease symptom of 
Fusarium wilt seedlings (Figure 2). In addition, 
application of BM103 increased the root length which 
suggested an additional effect of this BCA (Data not 
shown). Collectively, the results of strawberry Fusarium 
wilt control suggest the protective and beneficial effects 
of BM103 on strawberry seedlings. 

Figure 2. Effect of Bacillus mycoides BM103 at 50-fold 
dilution on controlling strawberry Fusarium wilt. 
Strawberry seedlings were pre-treated with BM103 
suspension (A and C) and H2O (B and D). The treated 
seedlings were planted in Fusarium oxypsorum f. sp. 
fragaria-infested soil. Top panel: Fofb 01-2; bottom panel: 
Fofb 4-13. 

To discover the mechanisms of how BM103 protecting 
strawberry from Fusarium wilt, a transcriptome analysis 
of strawberry after the application of BM103 was 
performed by next generation sequence. The results 
showed 213 up-regulated genes and 641 down-regulated 
genes were involved after BM103 treatment (Figure 3). 
Several studies have demonstrated that application of 
BCAs triggered a constant resistant response in plants 
(8,9). Interestingly, a number of up-regulated genes in 
our study have been reported to be disease 
resistance-related, such as PR1B (gene encoding 
pathogenesis-related protein 1B) and PR5 (data not 
shown). The results suggest that the induction of disease 
resistance-related genes after BM103 treatment might 
provide protection for strawberry against Fof. 

Figure 3. Transcriptome profiling for genes 
up/down-regulated in strawberry after application of 
Bacillus mycoides BM103. 

SUMMARY 
 The causal agent of strawberry wilt in central

Taiwan had been identified as Fusarium 

oxysporum Schl. f. sp. fragariae (Fof). 
 The application of Bacillus mycoides isolate

BM103 demonstrated promotion of root growth 
and protection against Fof on strawberry.

 Transcriptome profile showed that the application
of BM103 up-regulated several disease
resistance-related genes in strawberry.
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INTRODUCTION 
Fungi are an important component of biota accounting 
for >60% of microbial abundance in agricultural soils 
including under irrigated cotton farming systems in 
Australia. Fungi can form hyphal networks allowing them 
access to diverse and multiple microsites thereby 
overcoming spatial constraints in terms of C and nutrient 
availability and redox potential gradients (1, 2).  

Soilborne diseases such as Fusarium wilt, Black 
root rot and Verticillium wilt have significant impact on 
cotton production. Currently the management of disease 
impacts is through the selection of genetically resistant 
cultivars (where available), agrochemical application and 
rotation with non-host crops. Biological disease 
suppression mediated by soil microorganisms including 
soil fungi can assist farmers in reducing the impact of 
diseases on cotton production through crop 
management (2).  

Studies on microbial interactions play a critical 
role in ecological research, especially about the 
complexity and (functional) stability of communities and 
their role in broad-scale ecosystem functions, e.g. plant 
health, decomposition, nutrient cycling (1). Plant 
associated fungal communities can function as an 
important line of defence against fungal pathogens e.g. 
species-rich communities are more resistant to pathogen 
invasions. New developments in molecular ecological 
network analysis together with NextGen sequencing 
data can help elucidate community diversity, spatial 
scale network interactions and responses to 
environmental changes, an important factor in ecological 
research. The objective of this study was to determine 
the fungal community composition, diversity and 
interactions as influenced by cropping history including 
fallowing and their links to disease incidence and 
suppression.  

MATERIALS AND METHODS 
Field experiments, soil sampling and laboratory 
analyses: Surface (0-10 cm) soils from ongoing field 
experiments in New South Wales (Australian Cotton Res 
Institute, Narrabri (F6E & D1-suppressive; KK-conducive) 
and Getta Getta) monitoring cotton performance and 
disease incidence were collected prior to 2013, 2015 and 
2016 planting. Soil samples analysed for the genetic 
diversity and abundance (qPCR) of fungi as influenced by 
soil type, environment and management practices. Soil 
samples were analysed for fungal community genetic 
composition using 28S LSU rRNA or ITS region 
sequencing based techniques (3). Samples were also 
analysed for microbial catabolic diversity, microbial 
biomass and soil chemical properties. 

In order to determine interactions between 
members of the microbial community, we performed 
network analysis using the RMT-based molecular 
ecological network analysis tools 
(http://ieg2.ou.edu/MENA).  

Statistical analyses: A minimum of 4 replicates were 
used for all treatments. Statistical analyses of all the 
results were conducted using the Genstat 18.1 (VSN Intl. 
Ltd). Multi-variate statistical analysis of NGS data and 
diversity indices were calculated using the Primer6 
software (Primer-E Ltd, Plymouth, U.K.). 

RESULTS AND DISCUSSION 
Results from the 28S LSU rRNA sequencing based 
analysis of 2013 samples indicated a total of 370 fungal 
genera in all the cotton soils and the top 25 genera 
accounted for the major portion of total fungal 
community. There were significant differences in the 
composition and genetic diversity of soil fungi between 
the different field sites (Figure 1). A significant variation 
in the relative abundances of fungi belonging to a 
number of families was observed between the KK and 
F6E fields which were <500M apart but under different 
management practices, e.g. rotation and fertilizer 
application. The F6E and D1 field experiments varied in 
tillage practices, i.e. crop residues were incorporated in 
the F6E experiment whereas they were left on the 
surface with minimum tillage in D1, which would have 
contributed to the variation in the fungal community 
composition.  Tillage and crop based variation in the 
abundance and composition of fungi has been shown in 
other cropping systems (4). 

Figure 1. Fungal community composition (graph above) and 
diversity indices (d=species richness; j=evenness; H=Shannon 
index) in the surface 10 cm soils from field experiments at ACRI, 
Narrabri. Soils were characterized suppressive/conducive based 
on disease incidence history. 
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Results for diversity indices showed significantly greater 
diversity in the long-term crop rotation experiment (F6E) 
compared to other experiments (e.g. Biofumigation 
experiment, KK) at ACRI, Narrabri. Diversity was lowest 
in the soils under brassica crop rotation experiment 
(data not presented). Surface soils from continuous 
cotton and cotton-fallow rotations showed lowest 
abundance of fungal populations and overall catabolic 
diversity of soil microbial communities in the Getta Getta 
experiment (data not presented). Fungal networks 
varied between suppressive and conducive soils both in 
terms of modularity and interactions between the 
modules. Suppressive fungal communities were 
characterized by higher diversity, higher connectedness, 
and significantly more nodes (Figure 2) indicating 
resilience to change. Node.degree and clustering 
coefficient were higher in conducive soils (p<0.001) 
compared to that in suppressive soils, whereas, 
Node.between and modularity were higher in 
suppressive soils (p<0.001). Suppressive community was 
also characterized by higher number of modules and 
greater modularity compared to communities in 
conducive soils (Figure 3). A smaller path distance in 
non-suppressive communities indicates a “smaller 
world” but with lower linkage efficiencies i.e. 
“disconnectedness”. It is suggested that in highly 
connected biological networks, efficient resource 
exploitation by all species can occur thus reducing 
opportunities for pathogen growth and disease (5, 6). 
Additionally, analysis of different sample sizes indicated 
that more abundant OTUs found to be located in “hot 
spots/microsites” within the soil; the smaller sample 
sizes access the locally abundant but spatially rare 
members of the community (7).  

Figure 2. Fungal community network plots for disease 
suppressive (F6E) and conducive soils (KK). Nodes represent 
species that are connected by pairwise interactions. 

Overall, these results suggest that soil ecological and 
environmental factors and filtering processes related to 
substrate quality and availability, spatially and 
temporally, play a significant role in shaping soil fungal 
communities and their functionality. 

SUMMARY 

 The diversity and abundance of soil fungal
community varied significantly by crop management
history.

 Soils from continuous cotton and cotton-fallow
rotations showed lowest fungal abundance and
diversity and microbial catabolic diversity.

 Fungal communities in suppressive cotton soils were 
characterized by higher diversity and higher
connectedness.

Figure 3. Fungal community network plots: modularity and 
connectedness in suppressive (F6E) and conducive soils (KK).
Modules refer to groups of taxa that are correlated with one 
another. 

ACKNOWLEDGEMENTS 
Financial support for this work was provided by Cotton 
RDC, Australian Government Rural R&D for Profit 
program and CSIRO. Authors acknowledge S Kroker, M 
Hicks for laboratory analysis, L Scheikowski for field 
sampling and I Rochester and N Hulugalle for allowing to 
sampling in their long term experiments and Daliang 
Ning and Naijia Xiao at OSU for drawing network plots. 

REFERENCES 
1. Coleman DC (2011) Understanding soil processes:

one of the last frontiers in biological and ecological
research. Australasian Plant Pathology. 40:207-214.

2. Gupta et al. (2011) Principles and management of
soil biological factors for sustainable rainfed farming
systems. In: Rainfed farming systems’, P. Tow I et al.
(eds), pp.149-184, Springer Sci. and Business Media.

3. Penton CR, Gupta VVSR et al. (2014) Fungal
community structure in disease suppressive soils as
assessed by 28S LSU gene sequencing. PLoS ONE
9(4): e93893.

4. Gupta VVSR, Penton CR et al. (2010) Catabolic and 
genetic diversity of microbial communities in
Australian soils are influenced by soil type and
stubble management. Proc. 19

th
 WCSS - Soil

Solutions for a Changing World; http://www.iuss.org,
Brisbane, Australia: IUSS, pp. 1-4.

5. Kinkel LL, Bakker MG et al. (2011) A coevolutionary
framework for managing disease-suppressive soils.
Annual Review of Phytopathology. 49: 47-67.

6. Poudel R, Jumpponen A et al. (2016) Microbiome 
networks: A systems framework for identifying
candidate microbial assemblages for disease
management. Phytopathology. 106: 1083-1096.

7. Penton CR, Gupta, VVSR et al. (2016) Size Matters:
Assessing Optimum Soil Sample Size for Fungal and
Bacterial Community Structure Analyses Using High
Throughput Sequencing of rRNA Gene Amplicons.
Frontiers in Microbiology. 7: 824. doi:
10.3389/fmicb.2016.00824.

172



Franco et al. 10th ASDS Proceedings, Sept 2018, Adelaide, SA 

Endophytic actinobacteria as biocontrol agents and enhancers of N-fixation  for 
lucerne (Medicago sativa  L.). 

Xuyen H. Le
1
; Ross Ballard

2
; Christopher M. M. Franco

1
;

1
Flinders University, Adelaide; 

2
South Australian Research and Development Institute, Adelaide 
Email: xuyen.le@flinders.edu.au  

INTRODUCTION 
Selected endophytic actinobacteria have been shown to 
enhance the yields of crop plants via a number of 
mechanisms (1). In addition to cereal crops, endophytic 
actinobacterial strains were found to enhance the 
symbiosis between legumes and rhizobia (2) resulting in a 
significant increase in biological Nitrogen fixation (3). 
Coombs et al. ((2004); 4) reported that actinobacteria 
isolated from healthy cereal plants including a number of 
Streptomyces, as well as Microbispora and Nocardioides 
spp. were able to control the development of disease 
symptoms in treated plants exposed to Ggt and Rhizoctonia 
in the field soil. This study aims to identify potential bio-
control activity of endophytic actinobacteria that were also 
able to enhance symbiotic nitrogen fixation. 

MATERIALS AND METHODS 
Antifungal assays 
One hundred and forty-eight well-sporulating isolates from 
the 225 cultures isolated from legumes tested in vitro 
against Rhizoctonia solani (W19) and Pythium irregulare 
(89) and in planta against R. solani. The in vitro assay
followed a published protocol (5). The plates were 
incubated at 27

0
C and checked after 3 days for P. irregulare 

(89) and 5 days for R. solani (W19). The width of inhibition
zone between the pathogen and the actinobacterial isolates
was measured.

Biocontrol assays 
Tube assay 
Fifty ml centrifuge tubes were used for screening bio-
control ability of isolates against the pathogen R. solani AG8 
(W19).  Forty-five grams of autoclaved sandy loam were 
used at 12% moisture content of McKnight’s N starter 
nitrogen (266 mg NH4NO3) solution added to each tube. 
Two millet seeds infested with R. solani AG8 (W19) were 
added and followed by 10 g soil to cover the millet seeds. 
The tubes were placed in a rack covered with aluminium 
foil and placed in a controlled incubator for two weeks at 
15

o
C in the dark. Lucerne seeds were surface-sterilized and

pre-germinated with actinobacterial suspensions (~ 
10

8
CFU/ml) on autoclaved moist filter paper in a petri dish.

When the roots reached 1-3mm length 5ml Sinorhizobium 
meliloti RRI128 suspension (~ 10

8
cfu/ml) was added to the 

seeds for about 3 minutes. Two pre-germinated, double 
coated seeds were transferred into each tube with two 
replicates for each treatment. To each tube 5g of soil at 
12% moisture was added and covered with a layer of plastic 
beads. The tubes were kept in a controlled incubator (14/10 
day/night cycle at 15

o
C for 3 weeks) and MQ water was

added as required to maintain a constant original weight. 
The number of seedlings that appeared, length of root and 
root damage were recorded.  

Pot experiments 
Each pot contained 2 layers with 200 grams of sandy 
loam 12% moisture  with McKnight’s starter N solution in 
layer 1 and 6 millet seeds infected with R.solani AG8 
strain W19 added. The pots were incubated for 2 weeks 
in the glasshouse during winter time (4-20

o
C). Six pre-

germinated seeds with actinobacterial suspensions for 
24h for treatments and with MQ water for controls. 
When the roots appeared about 1-3mm length dropped 
about 5ml of the rhizobial suspension (approximately 
10

8
cfu/ml) into the seeds for about 3 minutes. Fifty

grams of sandy loam at 12% moisture were put on the 
top of each pot to cover the seeds and followed by 
adding some plastic beads. Four replicates for each 
treatment and were assessed at 4 weeks after sown. The 
pots were kept randomly and changed once a week in 
glasshouse.  

Identification of beneficial actinobacteria 
The methods for DNA extraction, PCR and sequencing of 
16S rRNA genes of actinobacteria were described by 
Coombs and Franco (2003; 6).  
The 6 most effective strains were identified. 

Genome sequencing of selected endophytes 
Two of the effective strains were subjected to full 
genome sequencing (6) in an attempt to elucidate causal 
mechanisms responsible for these traits. 

Results and Discussion 
Antifungal assays        
Sixty-two out of 148 cultures (71 lucerne isolates, 25 pea 
isolates, 29 clover isolates and 23 medic isolates) were 
active against R.; 4 showed strong and 8 moderate 
inhibitory activity in vitro. Twenty five cultures were 
active against P. irregulare, of which 13 were moderately 
active (Table 1). Eight of them inhibited both the fungal 
pathogens with medium to strong levels in vitro.  

Table 1 Number of endophytic actinobacteria showing 
antifungal activity in vitro vs in planta

Isolates 
from 

In vitro activity vs In planta vs R. solani 

R. solani 
AG8

P.irregulare
89

Tube 
assay 

Pot 
assay 

Lucerne 40 15 32 6 
Pea 7 5 3 0 
Clover 12 4 7 0 
Medics 3 1 5 0 
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Biocontrol assays 
In the tube assay 47 cultures (31 from lucerne isolates 
and 16 from the other legumes) showed efficacy in 
controlling R. solani AG8. In the pot experiment 6 of the 
top 21 cultures: LuP10, LuP30, LuP44, LuP46B, LuP47B 
and LuP73B were effective in controlling disease 
symptoms due to the R. solani in terms of root dry 
weight and total mass of plants (Table 2). Strains Lup30 
and LuP47B were also able to enhance the symbiosis of 
rhizobium and Lucerne plants (3). It is interesting to note 
that all six were isolated from lucerne plants and were 
identified as being Streptomyces by 16S rRNA gene 
sequencing. 

Table 2. Effect of actinobacterial and rhizobial co-inoculation on 
R.solani AG8 of lucerne plants and growth characteristics of 
shoot and root dry weights.

Treatments Shoot 
Length  
-cm

Shoot DW 
-mg/plant

Root DW 
-mg/plant

Total 
biomass 
mg/plant 

Control 1 3.74
a

10.01
a

11.19
ab 

21.20
a

Control 2 2.2
d 

2.67
d 

4.27
e

6.94
e

Control 3 2.95
c 

6.6
c 

4.9
de

11.50
de

R + EN16 3.07
c 

6.82
bc 

7.31
cde

14.13
cd 

R + LuP10 3.59
ab 

8.09
bc 

7.75
cde

15.84
c 

R + LuP12A 3.12
bc 

7.67
bc 

6.45
cde

14.12
cd 

R + LuP30 2.95
c 

7.3
bc 

8.52
bcd

15.82
c 

R + LuP44 2.97
c 

6.85
bc 

9.34
bc 

16.19
bc 

R + LuP46B 3.37
abc 

8.51
ab 

7.78
cde

16.29
bc 

R + LuP47B 3.36
abc 

7.27
bc 

8.11b
cde

15.38
c 

R + LuP73B 3.08
bc 

7.33
bc 

9.65
a

16.98
ab 

R + LuP83 3.12
bc 

7.16
bc 

7.69
cde

14.75
cd 

Control 1, only S. meliloti RRI128 and no R. solani; Control 2, no S. 
meliloti RRI128 and R. solani applied; Control 3, S. meliloti RRI128 and 
R. solani applied; R +, S. meliloti RRI128 plus endophytic
actinobacteria.

Conclusions 
There was no correlation between cultures which 
showed strong antifungal activity in vitro and biocontrol 
ability in planta in this study. However, there appears to 
be a level of host specificity as the six cultures, which are 
potential biocontrol agents against R.solani were are all 
from Lucerne. 

Of the actinobacteria screened in planta at least 6 strains 
demonstrated control of the Rhizoctonia symptoms of 
which 2 displayed significant increases in biological N-
Fixation through increases in nodule number and dry 
weight. 

The genome analysis of these two strains indicated that 
a larger sample size was required. However a 
comparison of 30 genomes of reported Streptomyces 
endophytes in comparison to 80 genomes of 
Streptomyces reported to be isolated from soils. In 
general, the endophytes contained genes for 
siderophore production and iron     mobilisation in 
greater abundance than the soil isolates. 

Summary 

 148 endophytic actinobacteria were isolated
from lucerne, pea, clover and medic plants.

 Isolates were screened for activity against R.
solani AG8 and P. irregulare in vitro and R.
solani AG8 in planta assays using lucerne.

 6 strains demonstrated control of the
Rhizoctonia symptoms of which 2 displayed
significant increases in biological N-Fixation on
luerne.
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