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Media Summary 

A DNA-based forensic type test developed in Australia will provide vegetable growers with a 

valuable tool to help manage clubroot, one of the most costly diseases of brassica vegetables. 

Clubroot is estimated to wipe out about 10% of brassica vegetable production worldwide. Designed 

for soil, water and plant material, this technology can be used to test fields to get a measure of 

potential yield loss due to clubroot, and to test water sources and nursery stock for possible 

contamination with the clubroot organism. The Victorian Department of Natural Resources and 

Environment is already providing growers with a commercial service based on the diagnostic tests 

developed in this research project. 

The organism that causes clubroot is a soil-borne protozoan which can persist for twenty years and 
can be inadvertently transported in contaminated irrigation water and soil. The difficulties of 
controlling clubroot, together with the lack of hygiene practices to avoid its spread, make this 
disease one of the most significant impediments to efficient production of brassica crops. There are 
several control measures growers can use to manage clubroot but they are costly and dependent on 
the soil concentration of the clubroot spores. However, growers can use the DNA test to quickly 
determine the quantity of clubroot spores in their fields which gives a measure of potential disease 
and yield loss. This then enables them to make informed decisions about which control measures 
are the most cost-effective, depending on the disease risk, potentially saving time and money where 
control was unnecessary or saving the crop from serious damage by clubroot. Water and nursery 
stocks can also be tested to prevent contamination of uninfected areas. 

The diagnostic test, which has proved to be quick, reliable, accurate and able to detect minute 
quantities of the Plasmodiophora in soil, water and plant samples, has attracted world-wide 
attention. Negotiations are currently under way with Horticulture Research International 
(Wellesbourne, England) and the UK Department of Environment, Food and Rural Affairs to 
develop an on-farm test kit for clubroot. This kit will enable growers to do preliminary on-farm tests 
which will indicate whether they need more accurate laboratory tests to determine the clubroot 
status of their farms. The clubroot diagnostic assay developed in Australia is seen as the 'gold 
standard' for clubroot detection worldwide and Australian expertise is considered vital to the 
successful development of an on-farm kit. 

In brief, the outcomes of this project are: 

1. A robust, rapid, accurate diagnostic test for clubroot which is already available commercially 
through Crop Health Services 

2. New quantitative assays to predict crop disease before planting 
3. New tools that will accelerate soil-borne pathogen research 
4. Collaborative research between NRE and HRI to develop inexpensive on-farm test kits for 

clubroot and other soil-borne plant pathogens 

3 



Technical Summary 

An existing diagnostic PCR test for clubroot (Faggian et ah, 1999) has been used successfully in the 

past to trace the source of clubroot outbreaks in Australia. Although the test represented a 

breakthrough in P. brassicae research, it's robustness and accuracy could not be relied upon for 

several reasons. Firstly, the test returned positive results where no evidence of clubroot could be 

found and conversely, on occasion, returned negative results where clear evidence of clubroot 

existed. Therefore, there was a risk of obtaining false positives and false negatives. Secondly, the 

test provided very limited information - the presence or absence of clubroot DNA - rather than 

more desirable information such as inoculum density and inoculum infectivity. 

To test the assay's specificity, it was screened against the DNA from a number of common soil 

organisms. No false positives were encountered, bringing the total number of organisms the assay 

has been screened against to nearly 150. Also, the assay was spiked with a number of common 

agricultural chemicals likely to be encountered in field soil samples. No false negatives were 

encountered. Therefore, under normal circumstances, the chemicals tested in this study are unlikely 

to inhibit the diagnostic assay. However, unknown inhibitory compounds in soil resulted in poor 

amplification efficiency from some samples. To combat this, a new extraction procedure was 

successfully developed which utilised a bead-beating mill and a PVPP spin column. The new 

procedure generated DNA that did not contain PCR-inhibitory substances. Also, by testing different 

parts of clubroot-infested plants, it was confirmed that P. brassicae cannot move systemically to 

aerial parts of the plant, and therefore positive seed tests are the result of surface contamination, not 

internal contamination. The test is therefore considered robust with a negligible risk of containing 

false negative or false positive results. 

The test was used to confirm that P. brassicae contamination of seed is external only and not 

internal by systemic upward movement of P. brassicae within the plant. The results showed that 

the test detects DNA in both live and dead spores. Residual DNA from dead spores remains 'intact' 

for up to 9-12 weeks, and this interval needs to be accounted for when determining the most 

appropriate time to sample paddocks. 

Finally, a quantitative real-time PCR probe was designed and used to generate standard curves and 

disease risk ratings using known inoculum level : dose-response curves. The preliminary data 

generated using soil samples from several trial sites around the country indicate that the quantitative 

assay could form the basis of a predictive model. This would allow growers to test their paddocks 

before planting to get an estimate of the inoculum level of P. brassicae, and make informed disease 

management/control decisions. 

In summary, the outcomes of this project are: 

1. A robust, rapid, accurate diagnostic test for clubroot which is already available commercially 
through Crop Health Services 

2. New quantitative assays to predict crop disease before planting 
3. New Research tools that will accelerate soil-borne pathogen research 
4. Collaborative research between NRE and HRI to develop inexpensive on-farm test kits for 

clubroot and other soil-borne plant pathogens 
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Introduction 

Clubroot is one of the most serious soil-borne diseases in the world, wiping out 10% of all brassica 

crops annually. Control is difficult, expensive and often hard to target because there is no reliable 

and rapid detection method for Plasmodiophora brassicae, the organism that causes clubroot. 

The Polymerase Chain Reaction (PCR) is an important tool for the detection of a wide range of 

plant pathogens. It is being used successfully in many diagnostic laboratories all over the world 

where commercially available PCR tests provide a valuable means of detecting pathogens with 

great sensitivity. 

An existing diagnostic PCR test for clubroot (Faggian et ah, 1999) has been used successfully in the 

past to trace the source of clubroot outbreaks in Australia. The test has been shown to be specific 

and sensitive, with the capacity to detect fewer than 1000 P. brassicae resting spores in water, soil, 

plant tissue and dust. In brief, the test amplifies a specific segment of the P. brassicae ribosomal 

RNA gene, and relies on a crude DNA extraction method directly from suspect soil samples. 

Although the test represented a breakthrough in P. brassicae research, it's robustness and accuracy 

could not be relied upon for several reasons. Firstly, the test returned positive results where no 

evidence of clubroot could be found, and conversely, on occasion, returned negative results where 

clear evidence of clubroot existed. Therefore, there was a risk of obtaining false positives and false 

negatives. Secondly, the test provided very limited information - the presence or absence of 

clubroot DNA - rather than more desirable information such as inoculum density and inoculum 

infectivity. 

Therefore, the goals of this project are: 

1) To validate the results obtained with the existing diagnostic test for clubroot and develop 
the test further as necessary. Further development may comprise optimisation of the 
PCR reaction conditions, design of new primers, development of new DNA extraction 
procedures, screening against DNA from common soil organisms 

2) To investigate whether common agricultural chemicals are inhibitory to PCR and 
therefore how they can affect the results obtained with the diagnostic test. 

3) To investigate ways of detecting only viable clubroot inoculum with the diagnostic test. 
Methods to be looked at include inducing resting spore germination and determining the 
persistence of clubroot DNA in soil. 

4) To develop a quantitative molecular assay, based on real-time PCR, for estimating soil 
inoculum levels and predicting subsequent crop disease levels. 
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DISCUSSION 

For the first time, a tool is available to the Australian brassica industry enabling the quantification 

of clubroot inoculum in soil. This capability, together with information on factors such as pH, soil 

moisture content, varietal resistance, and others, will allow researchers to accurately predict the 

severity of disease in crops before they are planted. Similarly, growers will be able to make 

informed decisions about potential disease management strategies, before planting. 

The preliminary data presented here clearly demonstrates that real-time PCR can be used to 

accurately predict clubroot inoculum levels in the field. The predicted risk categories correlate well 

with the actual clubroot scores observed in the corresponding field sites. This is despite the fact that 

rudimentary dose-response data was used to assign the risk categories on the standard curve. To 

gain greater accuracy, a comparison of different soil types would need to be carried in order to 

highlight the error that can be expected when assigning risk categories. However, it may be 

preferable, and more practical for growers, to assign fewer risk categories, enabling a fail-safe 

integrated management option to be selected. 

Further work will be conducted at a range of field sites in the final year of the national clubroot 

program (VG00044) to fully commercialise this quantitative technique. 
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Recommendations 

This project has developed the tools to enable growers to test their soil, water and planting material 
before planting. This will limit the spread of clubroot in recently infected areas and enable growers 
to select appropriate management strategies. Growers should use the diagnostic assay to form the 
basis of a testing regime for their farms and nurseries to ensure that the spread of clubroot is limited 
or stopped. 

The commercial diagnostic test can rapidly predict the presence or absence of clubroot in soil, water 
and plant tissue, 

However, for quantitative prediction of disease to be accurate, further field monitoring is required -
up until now, researchers have not had the tools at their disposal to measure soil-borne clubroot 
inoculum. This project has delivered the necessary tools, and they will accelerate soil-borne 
pathogen research. It is important however that this situation be capitalised on, and the quantitative 
assay be commercialised. Extensive field monitoring will therefore be conducted in the final year of 
the national clubroot program. This data will be required to help validate that disease prediction is 
accurate in a range of soil types and under a range of climatic conditions. 

The final benefit to growers is likely to come from the development of an inexpensive field test kit 
for clubroot. This work is currently underway in conjunction with Horticulture Research 
International (Wellesbourne, U.K.), a group with extensive experience in the development and use 
of on-farm pathogen test kits. 

Currently, Australian vegetable brassica growers are the only ones with commercial access to a 
clubroot diagnostic procedure. This competitive advantage should be maintained and exploited for 
as long as possible. 
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Technology Transfer 

Technology transfer activities were in part channelled through the National Clubroot team and 

HAL project VG97076 (Clubroot seminars at field days and grower meetings). Nonetheless, a 

number of activities were undertaken including: 

• Summaries in national clubroot newsletter "Galls and All" 

• Two radio interviews (with Kaaren Latham, 2UE rural radio. 2000/2001) 

• Brassica grower meetings (hosted by IHD, including tour of facilities and run-through testing 

procedure. 2000) 

• Seminars to Monsanto and Henderson seeds (2001) 

• Presentation to Chisholm Institute of TAFE horticulture students (May, 2001) 

• Japanese horticulture students (Nigata College. Oct, 2000) 

• Presentation at Clubroot Industry day (held at IHD, attended by chemical, fertiliser and seed 

company reps. 1998) 
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