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ABSTRACT 

A commercial assay service, based on specific DNA tests for soil-borne pathogens, has been 

developed for various cropping industries by the South Australian Research and Development 

Institute (SARDI), Adelaide. A unique feature of the DNA testing service is the ability to assay 500 g of 

soil in a single test, a breakthrough made possible by SARDI researchers, enabling the reliable, 

sensitive detection of root pathogens. The assay service now provides feedback on a range of 

deleterious, as well as beneficial, organisms in the grains and horticultural industries across southern 

Australia and in cereals in NSW and southern Queensland. This has provided important decision-

making information for the application of better soil-borne disease management strategies. The 

service is now expanding further into northern Australia. Specific DNA assays were developed in this 

project for the major root pathogens / parasites in the Australian sugarcane industry (Pachymetra 

chaunorhiza and Pratylenchus zeae; Meloidogyne species tests were developed much earlier. The 

results from these assays were compared to traditional manual assessment. There was very good 

agreement between manual counts and the DNA results for Pachymetra chaunorhiza, and the two 

major nematode root parasites, Pratylenchus zeae (root lesion) and Meloidogyne species (root knot). 

This suggests that the SARDI laboratory could provide an assay service for these organisms in the 

sugarcane industry. Advantages of the SARDI service include the ability to rapidly assay large sample 

numbers (>80 in a batch), to be able to apply multiple tests to single soil samples, and to potentially 

do this testing at a reduced cost compared to the normal manual tests. In addition, the molecular 

nematode assays do not require nematode viability to be as carefully maintained for accurate assay 

results. Disadvantages of the molecular assay method are the potential for increased assay costs 

with small sample batch sizes; a slightly less-sensitive assay for Pachymetra chaunorhiza (compared 

to the traditional counting method) and potential slower turnaround times with limited sample 

numbers flowing through the laboratory. Southern experience suggests that additional tests will be 

added once the service is initiated, with better all-round information on soil biology resulting. A 

recommendation from the project is for SARDI to be contracted to undertake the molecular assays 

while the Tully soil assay laboratory maintains assay recommendation and data warehousing roles. 

Results from this project were extended to industry, which is now in a place to adopt the assay 

service provided by SRA / SARDI. 
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EXECUTIVE SUMMARY 

Issue and objectives: Soilborne diseases pose a serious and yield-limiting constraint to the Australian 

sugarcane industry. With sugarcane monoculture a common practice in Australia, and indeed around 

the world, root and soil health are key issues for every industry. Research by BSES / SRA, other 

institutions and various researchers (for example, Biological Crop Protection) has highlighted the 

importance of root pathogens and parasites in causing poor root health, leading to sub-optimal 

yields. Key organisms contributing to this condition include Pachymetra root rot (caused by 

Pachymetra chaunorhiza) and nematode species, including root lesion (Pratylenchus zeae) and root 

knot (Meloidogyne species). There is no doubt other organisms too are affecting sugarcane root 

growth (both deleterious and beneficial organisms). A key industry function is to be able to evaluate 

populations of deleterious organisms and their associated injury to roots so that appropriate advice 

may be given to industry participants, whether that is individual farmers, industry advisors or other 

researchers. SRA and Biological Crop Protection have provided such a service to industry through the 

assessment of populations of these deleterious organisms and advice has been given based on 

knowledge of potential crop losses and ameliorative management practices. The assays utilised are 

based on manual counting techniques, which are both time consuming and laborious.  

The South Australian Research Institute (SARDI) has developed unique methods for DNA extraction 

from bulk soil and also a range of specific molecular tests for individual pathogens and beneficial 

organisms. These have been adopted across many industries in southern Australia and increasingly 

in northern States. In this project, specific DNA tests were developed for Pachymetra chaunorhiza, 

Pratylenchus zeae and Meloidogyne spp., and the results compared to reliable manual assay 

methods. Very good correlations were obtained using soil dilution tests. Sensitivity was also tested; 

the DNA-based assays generally compared reasonably with the manual nematode counts, but were 

slightly less sensitive than the manual Pachymetra chaunorhiza and Pratylenchus zeae counts. A 

business model was developed for extension of the results to industry. It was decided to continue 

using the Tully SRA assay laboratory to interpret and distribute the results to the Australian 

sugarcane industry, utilising current assay databases. Counts of the many other plant-parasitic 

nematodes that damage sugarcane roots, together with the free-living nematodes that are useful 

biological indicators, will continue to be undertaken manually, since there are a range of species in 

this group that would require the development of a number of new tests, if DNA assays were to be 

utilised.  

The outcomes from the project have / are being extended to industry and we anticipate uptake of 

the new DNA-based service, particularly for surveys where large numbers of samples are involved.  
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1 BACKGROUND 

1.1 Soil health in the Australian sugarcane industry 

The Australian sugarcane industry is experiencing a soil / root health constraint that is severely 

limiting yield and profitability. Previous yield-decline research suggested very poor root health is 

widespread in all sugarcane districts. Pachymetra root rot (Pachymetra chaunorhiza) is a 

contributing factor (Magarey, 1996) along with other sub-optimal biological, physical and chemical 

characteristics. There has been a large and significant amount of research and extension regarding 

Pachymetra root rot (Croft, 1989; Magarey, 1994; Magarey, 1996; Croft and Magarey, 1995). 

Parasitic nematodes also have a serious effect on root growth; previous research has highlighted 

very significant yield losses caused by species of Pratylenchus (P. zeae) and Meloidogyne (M. 

incognita / M. javanica). P. zeae is found in almost every sugarcane field and several Meloidogyne 

species are relatively common (Blair et al., 1999 a, b) while both nematode genera  cause losses that 

are estimated to cost the industry more than $80 million per annum (Blair and Stirling, 2007) 

1.2 Pachymetra root rot 

Pachymetra chaunorhiza is characterised by long-lived spores (Magarey and Mewing, 1994); the 

most important option for management rests with varietal resistance and limiting the build-up of 

soil spore populations. Monitoring of spore populations is the crux of good disease management. 

An assay was developed to enable farmers to determine the Pachymetra inoculum level in their soils 

(Magarey, 1989a and b) and to provide information enabling the formulation of appropriate 

management strategies. The research examined methods for detecting the spores in soil extracts 

obtained through a wet-sieving process. Research has shown that soil spore levels are strongly 

influenced by the resistance of the varieties grown (Magarey and Mewing, 1994) and that yield 

losses are correlated with spore levels (Magarey, 1994). To assess the extent of the disease in cane-

growing districts, surveys have been conducted across whole regions. Surveys conducted over the 

last 20 years have shown the disease is prevalent in most cane-growing districts (Magarey et al, 

2013) and that the disease is at high levels in many commercial fields. More regular surveys would 

benefit the industry, enabling the dynamics of spore populations across entire regions to be better 

understood leading to the fine-tuning of commercial crop resistance to match disease threats. 

Previous research quantified losses caused by Pachymetra (Magarey, 1994, Magarey et al, 2003a 

and b); yield losses of 40% in susceptible, and 20% in intermediate varieties have been recorded. 

Management centres on rotating resistant and intermediate varieties to keep inoculum below 

thresholds for economic losses. In 2003, BSES commenced a commercial assay service to quantify 

disease levels in commercial field soils and to provide specific recommendations on individual fields 

to farmers. This has significantly reduced yield losses caused by the disease. The essence of the 

management strategy (including the screening and development of resistant varieties) is to match 

varietal resistance with the level of the disease present in individual fields. For this reason, the assay 

of representative soils from individual fields is essential for good disease management.  

An assay that enables more crops / fields to be assayed would significantly benefit the sugarcane 

industry. Better matching varieties to soil Pachymetra populations will improve the performance and 

utilisation of varieties leading to overall increases in productivity. 

1.3 Parasitic nematodes (Pratylenchus zeae / Meloidogyne species) 

Nematode management relies on the use of resistant rotation crops to reduce nematode 

populations at planting (Stirling, 2008; Stirling et al., 2006; 2010) and the adoption of better farming 

systems that improve soil suppressiveness (Stirling, 2014). Legume crops such as soybean and 
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peanut can be used to reduce nematode populations at planting, but because they differ in their 

susceptibility to various nematodes, it is important that growers know the genera and species that 

are present in their fields.    

1.4 Molecular assays: South Australian Research and Development Institute (SARDI) 

The South Australian Research and Development Institute (SARDI) has had a long history of soil-

borne disease research in the grains industry. The application of molecular methods for detection / 

quantification of root pathogens in agricultural soils was commenced over 20 years ago (Ophel-

Keller et al, 2008). PreDicta TMB, the molecular assay tool, was developed to enable better decision 

making on the implementation of soil-borne disease management strategies, thus reducing the risk 

of yield losses in cereal crops. PreDicta B’s unique ability to assess levels of a broad range of targets 

in DNA extracted from the same sample makes it a valuable research tool. Some researchers now 

use the technology to monitor levels of parasitic and beneficial nematodes, pathogenic fungi and 

Oomycetes, arbuscular mycorrhizal fungi (AM), and to quantify DNA from plant roots. In the latter 

case, root distribution and density may be obtained via specific root system DNA assays.  

The technology is being used in the grains industry to characterise the soilborne pathogen profile in 

trial sites, including all of the NVT (breeding) sites around Australia. It is also used to assess 

nematode populations in glasshouse trials in order to assign root lesion nematode resistance 

classifications for new cereal varieties. In recent years, the same technology has been used to 

provide risk management services for soilborne diseases in the potato industry and other vegetable 

industries. 

Outstanding results were achieved with the development of quantitative PCR assays for a wide 

range of soil pathogens/beneficial organisms in many crops. This, coupled with a very effective 

extension framework has enabled farmers / horticulturalists to apply the most appropriate 

management strategies to their crops, thus improving profitability. SARDI operates a commercial 

assay service in collaboration with field agronomists. Researchers have used the results to better 

understand the spatial and temporal relationships between pathogens and climate / varieties and 

management. SARDI has developed quantitative DNA (Taqman MGB) assays for a wide range of 

plant pathogenic and beneficial nematode and fungal species including a sensitive assay for 

Meloidogyne  javanica/incognita/arenaria and less sensitive specific assays for each of the 3 species. 

In the early 2000s an assay for P. zeae was designed, but the initial design did not work. At the time 

P. zeae was not a high priority so no further assay progress was made.  

1.5 Benefits to the Australian sugarcane industry 

Labour intensive extraction and microscopic assays have been developed for all three organisms, but 

their time consuming nature and cost limit the number of field samples that can be assayed. 

Cheaper, more cost-effective assays would enable much larger numbers of samples to be assayed in 

a timely manner. The ability to undertake multiple tests using the SARDI methods will eventually 

allow individual soil samples to be assayed for a range of soil biological agents, thus providing much 

more comprehensive information to farmers and industry. Research conducted in this project has 

paved the way for future test development and implementation.  
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2 PROJECT OBJECTIVES 

 Objective 1: Develop/validate qPCR-based assays to detect the three root pathogens in 
sugarcane soil using SARDI’s soil testing procedures. This will enable fast, high throughput 
and cheaper assay delivery for the sugarcane industry. 

 Objective 2: Calibrate the new tests against the traditional assay method. This will ensure 
that data obtained using the new methods can be interpreted using previous research / 
threshold recommendations.  

 Objective 3: Formulate recommendations for adoption of varieties for Pachymetra 
management and nematode control based on the new qPCR assay and deliver these to 
QCANESelect. 

 Objective 4: Develop a strategy for delivery of the qPCR assay results to the sugar industry. 

 Objective 5: Revisit the methods for extending results to industry to ensure the efficient 
adoption of recommendations. SARDI have a model for delivering results to the grains 
industry; this will be examined to see whether the sugar industry can adopt more effective 
extension methods. 

3 OUTPUTS, OUTCOMES AND IMPLICATIONS 

Outputs 

3.1 Pachymetra chaunorhiza (Pachymetra root rot) 

 A specific molecular test for Pachymetra chaunorhiza that enables soil spore 

populations to be quantified. Pathogen detection at levels below the economic 

threshold may not be detected with the DNA test. 

 Protocols for sampling and mass assay of soil samples 

3.2 Pratylenchus zeae (root lesion nematode) 

 A specific molecular test to quantify soil populations.  

 As the test does not rely on nematode motility to provide quantitative results, a 

relaxing of the urgency for sample delivery and on storage conditions is likely – making 

assay of the soils more reliable. 

3.3 Meloidogyne species (root knot nematode) 

 Proof of concept of the suitability of a previously-developed Meloidogyne assay for 

sugarcane root-knot species. 

Outcomes and Implications 

The development of a molecular test for each of these organisms has the following implications: 

 Large batch sizes: SARDI equipment is streamlined to handle large numbers of samples and uses 

automated, robotic processes with high batch numbers (>80 samples per batch). This results in a 

much shorter turn-around time for assays involving large sample numbers (for instance, with 

district-wide surveys).  

 Multiple tests: Though the process does not involve multiplex testing, the assay methodology 

does allow individual samples to be assayed for a range of organisms in a simple process. For this 
reason, the 3 sugarcane organisms (Pachymetra plus the two nematode genera) could be 

assayed in all samples, providing additional information, at little further cost.  
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 Less time commitment: with SARDI operating the molecular aspect of the assays, less SRA 

research assistant time will be consumed undertaking the assays, making their time available for 

other research projects. 

4 INDUSTRY COMMUNICATION AND ENGAGEMENT 

4.1 Industry engagement during course of project 

Key messages 

 Specific molecular tests have been developed for Pachymetra chaunorhiza, Pratylenchus zeae 

and Meloidogyne species (M. javanica / M. incognita).  

 These assays correlate well with current accepted manual counting techniques 

 No significant pathogen or parasitic nematode variation has been detected 

 Bulk assay of large sample numbers is now possible, with potential reduced turnaround times.  

 

4.2 Industry communication  

Conference and workshop oral presentations 

A presentation of the research was to be made to a Central Queensland industry meeting at Airlie 

Beach in March, 2018, but flooding caused the meeting to be cancelled. A PowerPoint presentation 

was prepared. The same presentation was modified (updated) and given to Productivity Board staff 

in Mackay (Tuesday 19th June 2018), the Burdekin (Thursday 21st June) and Herbert (Monday 25th 

June). This outlined how the soil assay laboratory and the SARDI assay service will operate.  

5 METHODOLOGY 

Introduction: Detection of pathogens in soil requires highly specific and sensitive assays. To address 
these requirements, SARDI uses TaqMan qPCR assays that target the Internal Transcribed Spacer 
(ITS), which is in multiple copies in the genome. The unique feature of their assay system is the 
ability to extract DNA from large quantities of soil; 500 g samples are standard in their system and 
this allows a much better representative assessment of the populations of organisms in commercial 
fields.  

 

5.1 Pathogen DNA sequencing 

5.1.1 Pachymetra chaunorhiza: no sequence information was available in public databases so DNA 

was extracted from 11 isolates originating from representative sugarcane districts and the ITS 

sequence was determined (Appendix 1).  

5.1.2 Pratylenchus zeae: sequence information was already available in public databases. An assay 

previously developed was re-evaluated before a new one was designed (Appendix 2). However, 

additional P. zea populations were collected from representative areas in the sugarcane industry to 

assess potential diversity across regions. Thirty three individual nematodes from 5 growing districts 

were isolated and their ITS sequenced.  

5.1.3 Meloidogyne species: The existing assay has not been calibrated for sugarcane soils (but is under 

evaluation for the carrot industry). Initial results indicate that the general assay, which can detect M. 

javanica, M. incognita and M. arenaria, can detect about 2 nematodes/ 200 g soil.  This assay was 

used in the research reported below. Species-specific assays are much less sensitive. 
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5.2 Detection of non-target organisms  

5.2.1 Pachymetra chaunorhiza: Verrucalvus flavofaciens is a closely related pathogen to P. 
chaunorhiza. This pathogen affects turf grass (Kikuyu species) and can be present in soils located 
close to Australian sugarcane fields. One isolate of V. flavofaciens from NSW has been sequenced to 
assist with the design of a specific assay for P. chaunorhiza (Appendix 3). 

The sequence information was used to design a new set of primers and a probe for P. chaunorhiza. 
The sensitivity and specificity of the two assays were assessed using DNA collections.  

5.2.2 Pratylenchus zeae: Potential non-target species related to P. zeae include other root lesion 

nematodes. It was appropriate therefore that specificity of the Pratylenchus zeae assay was 

evaluated as part of a national survey of root lesion nematodes funded by GRDC DAS00137. The 

assay developed in this project was tested against a range of Pratylenchus species, including P. 

thornei, P. neglectus and P. crenatus. 

 

5.3 Detection in commercial field soils 

5.3.1 Pachymetra chaunorhiza and Pratylenchus zeae: Forty-five soils from the Tully, Mackay, 
Maryborough and New South Wales industries were collected and assayed at the SARDI laboratory 
using the newly-develop and tested primers, to determine if the primers could detect these 
pathogens in field soils. The assay provided data on sequence copy numbers / g soil; the correlation 
between this parameter (DNA measurement) and the existing assay units had not been established 
when this experiment was undertaken.  

 

5.4 Correlation of DNA assay results with existing assay methods 

A critical issue with the development of a new assay is that it accurately reflects both the results 

from the current assay method and the real pathogen / parasite situation in the field. The best 

available information on inoculum levels comes from the existing assay methods. The basis of the 

comparison undertaken in this project was a correlation between the manual assay results with 

outputs from the new DNA tests.   

5.4.1 Pachymetra chaunorhiza 

Two experiments were conducted using heavily-infested soils from far northern Queensland. The 

comparison involved the dilution of these soils with ‘disease-free’ or low level inoculum soil from an 

adjacent headland, so providing a diverse range of inoculum levels. Manual spore counts were 

compared to the DNA assay results using regression analysis.  

 

Experiment 1: Japoonvale soil 

The experiment utilised a soil from the Japoonvale area in northern Queensland supporting a 

high P. chaunorhiza spore population. Soil (silty-clay loam) was collected to around 25 cm, 

bagged and labelled. Soil was also taken from an adjacent headland, which had never grown 

sugarcane. Both soils were taken to the SRA facility in Tully, sieved, mixed thoroughly by hand 

and sub-sampled. Manual assays of both soils suggested the sugarcane soil had a spore count 

of 457,647 sp/kg (very high), while the headland soil had close to 0 sp/kg. Dry weights of each 

soil were calculated using oven-dried samples. 

Relevant calculations enabled the mixing of soil from each source to create 19 inoculum 

densities. Soil was then taken from each dilution and assayed using the manual technique – to 

confirm the target spore count. Only one soil sample was assayed for each dilution, with five 
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microscope counts for each prepared sample (19 x 5 = 95 spore counts). Samples containing 

500 g of the same soils were dispatched by courier for processing by the SARDI laboratory 

(Table 1). 

Table 1:  Sample number, infested soil, dilution ratio and oospore counts for each Japoonvale soil  

Sample No 
% infested  

original soil 
Spores/kg 

19 100 457647 

18 50 181635 

17 25 103887 

16 12.5 26944 

15 6.25 19935 

14 3.13 16884 

13 1.56 17514 

12 0.7813 15385 

11 0.3906 28509 

10 0.1953 15434 

9 0.0977 24489 

8 0.0488 14505 

7 0.0244 7860 

6 0.0122 9783 

5 0.0061 12030 

4 0.0031 11600 

3 0.0015 4100 

2 0.0008 4191 

1 0 2102 

 

Experiment 2: Mourilyan soil 

A second experiment was undertaken using the same methods. Several differences in the 

experiment were instituted – including greater replication and use of a different (sandy) soil 

type. A Spanos series soil was sourced from the Mourilyan district, northern Queensland. 

Samples were collected to approximately 25 cm depth from land continuously cropped with 

sugarcane, as well as headland soil (with no history of sugarcane cropping). Oospore counts 

were conducted on each soil; a mean count on the undiluted soil was 441,533 oospores /kg. 

The headland soil population was not zero (but very close to it) - 1,063 sp/kg. Three replicates 

of each of the dilution series soil (500 g quantities) were dispatched to the SARDI Adelaide 

laboratory as per experiment 1. The inoculum densities created by mixing the two soils are 

provided in Table 2. For the manual counts, three replicate soils were established for each 

inoculum level and five assays (spore counts) conducted on each sample prepared from each 

dilution (225 spore counts in all). 
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Table 2:  Sample number, infested soil, dilution ratio and oospore counts for each Mourilyan soil 

Sample number % infested (original) soil Mean oospores / kg 

1 100.0 441533 

2 80.0 367499 

3 60.0 247060 

4 40.0 172649 

5 20.0 80578 

6 10.0 38710 

7 8.0 44417 

8 6.0 19180 

9 4.0 11146 

10 2.0 5583 

11 1.0 6626 

12 0.5 1494 

13 0.2 1739 

14 0.1 1919 

15 0.0 1063 

 

5.4.1.1 Modelling low spore detection for Pachymetra 

Following the gathering of the results from the above two experiments, modelling was required to 

predict how many samples from each site would be needed to detect P. chaunorhiza, when present 

at low levels (given that the DNA assay is less sensitive than the manual counts). Modelling enabled 

the probability of detection given one or more PCR assays.  

The number of detections was modelled using a generalised likelihood regression against the 

logarithm of the concentration of spores, assuming binomial errors. That equation was then used to 

predict λ for each concentration. The fitted λ was then used to fit detection probabilities using a 

calculated relationship to provide information on detection with a single PCR assay. 

 

5.4.2 Parasitic nematodes (root lesion -Pratylenchus zeae, and root knot - Meloidogyne spp) 

As for the Pachymetra chaunorhiza assays, two soils were used to examine the relationship between 

manual nematode counts, soil dilutions and DNA assays conducted by SARDI. A complication with 

nematode assays is the extent and timing of nematode extraction from assayed soils. At a standard 

2 - 3 days extraction time, percentage of nematodes extracted may only be 50 - 60 % of those 

present. Standardisation of extraction protocols is therefore important with nematode assays. To 

address the above issue, efficiency and timing of nematode extractions were examined for one of 

the soils.  

 

Experiment 1: Bundaberg soil 

Soil selection - site details 

Soil type: Alluvial sandy loam. Previous crop: Peanuts after sugarcane. Isis Mill area 

An SRA trial site was accessed and three plots with high populations of the target nematode species 

identified (Table 3). 
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Table 3:  Nematode assay results on three samples selected from an SRA trial site in the Bundaberg area 

Plot No. nematodes/kg soil 

 Root-knot Root-lesion 

58-6 5121 4707 

26-3 2537 3518 

26-1 2264 6640 

 

On 12 June 2017, about 3 kg of soil and roots was collected to 15 cm depth from six points in the 

above plots. Three other sites on the same farm were also sampled in an attempt to find a similarly 

textured soil that did not contain the target nematodes. 

 Garden 1: Soil under trees and shrubs and a mulch layer of leaves and organic matter 

 Garden 2: Soil under trees and shrubs and a mulch layer of leaves and organic matter 

 Macadamia block: Soil from the bare, compacted area under Macadamia trees. 

Later the same day, roots were removed from each sample by passing the samples through a 12 mm 

sieve. The sugarcane roots were then cut into small pieces less than 5 mm long and returned to the 

sample from which they were obtained. All samples were then gently mixed, two 250 g sub-samples 

of each soil were set up on a Whitehead tray and nematodes were recovered 24 hours later by 

sieving twice on a 38 µm sieve. The results are presented in Table 4. 

Table 4:  Nematodes in samples collected from the Bundaberg farm following a 24 hour extraction 

Plot No. nematodes/250 g soil 

 Root-knot Root-lesion 

 Sample 1 Sample 2 Sample 1 Sample 2 

58-6 4080 3792 384 506 

26-3 354 140 262 156 

26-1 1308 1550 779 611 

Garden 1 10 4 26* 16* 

Garden 2 27 30 0 0 

Macadamia 0 0 0 0 
* These nematodes were not Pratylenchus zeae, as reasonable numbers of males were present   

 

Soil from plot 58-6 was collected as the ‘infested’ soil and soil from the macadamia orchard as the 

‘parasite-free’ soil. The soils were then mixed according to the following protocol.  

Treatment 1: Half (500 g) of the well-mixed neat soil (1000 g) was used for the first analysis. Paired 

soil 250 g samples were produced by dividing the 500 g sample into four quadrants, then 

compositing the two diagonally opposite quadrants to produce two 250 g samples - one composite 

250 g sample was assessed by counting and the other by DNA quantification.  

Treatment 2: The other 500 g was divided into two lots of 250 g.  One lot was added to 250 g of 

uninfested soil, mixed and divided into two 250 g samples as for Treatment 1 for assessment by DNA 

and count methods. This gave a 2-fold dilution. 
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Treatment 3: The remaining 250 g neat sample from treatment 2 was divided into two, one of 

the 125 g (neat) samples was then added to 375 g of uninfested soil, mixed and divided into 

two and assessed as per above – this gave a 4-fold dilution. 

Treatment 4: The second 125 g from treatment 3 was divided into two 62.5 g samples, one of 

the subsamples was divided into two 31.25, one of these subsamples was divided into two 

15.625 g samples and one of these divided in to two 7.813 g subsamples. Uninfested soil was 

added to each subsample to make up 500 g total sample weights as per Table 4. Each 500 g 

composite sample was mixed and divided into two 250 g portions and assessed as per 

Treatment 1. 

Treatments 5 - 8 follow as per Table 5. 

Table 5:  Dilution protocol used for Wallaville soils 

Treatment Contaminated Clean Dilution 

1 500 0 1 

2 250 250 0.5 

3 125 375 0.25 

4 62.5 437.5 0.125 

5 31.25 468.8 0.0625 

6 15.625 484.4 0.03125 

7 7.813 492.2 0.015625 

8 3.906 496.1 0.0078125 

9 0 500 0 

 

Nine samples were posted to SARDI, Adelaide on 15 June 2017 and the paired samples were placed 

on Whitehead trays. The method used was as described previously except that each 250 g sample 

was split in two so that the soil could be spread on two trays. When the samples were taken down 

after 48 hours, the water from the two trays was combined and nematodes were recovered by 

sieving twice on a 38 µm sieve.  

5.4.2.1 Nematode extraction times: To enable a more accurate estimation of the number of 

nematodes in the contaminated soil, the trays containing the treatment 1 and 2 soils were re-set 

and nematodes were also recovered after 4, 7, 14, 21, 28 and 35 days. At the end of the 35 day 

extraction period, remaining nematodes were extracted by sugar centrifugation. 

In cases where nematode counts were relatively high (i.e. treatments 1 - 5), only a proportion of the 

sample was counted. Consequently, three replicate sub-samples were counted to provide an 

indication of variability. In all other cases, the whole sample was counted twice. 

 

Experiment 2: Rocky Point soil 

The same protocol was used in the Rocky Point soil samples as for the Bundaberg soils. Soil dilutions 

were undertaken in similar fashion as well as the soil mixing; nine dilutions were established to 

create nine different P. zeae and Meloidogyne populations.  

Sample collection date: last week of October. Rocky Point cane farm 

Soil type: sandy loam.  Previous crop: Soybean 
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Soil samples were collected from 10 stools, randomly selected from 10 locations in the block and 

mixed thoroughly. Plant-parasitic nematodes were extracted from 250 g of soil using the Whitehead 

tray method and the nematodes collected after three days extraction time. 500 g soil samples were 

dispatched to the SARDI laboratory for molecular assay, as per the Bundaberg soil. 

5.5.1 Introduction: An important component of any assay system is the selection of the material to 

assay. With soil-borne diseases, sufficient soil which is representative of the sampled field is 

required to gain an understanding of the level of disease present. With the manual Pachymetra root 

rot assay, intense analysis of field variation, plus variation associated with laboratory and 

microscope counting, was undertaken before the assay was launched (Magarey, 1989b). This 

provided information on the level of assay precision, from field to laboratory. A similar process was 

followed with research conducted in this project, with assays undertaken for Pachymetra 

chaunorhiza and Pratylenchus zeae.  

 

6 RESULTS AND DISCUSSION 

6.1 Pathogen DNA sequencing 

6.1.1 Pachymetra chaunorhiza: The DNA sequences for a representative Pachymetra chaunorhiza 

isolate is outlined in Appendix 1. No sequence variation in this region of the genome was observed 

between the 10 isolates compared in this study (representative of all infested regions). The newly 

designed P. chaunorhiza assay efficiently detected all test isolates with Ct values ranging between 

15.7 and 17.9. Results are given as Cycle threshold (Ct) values. Low Ct values indicate sensitive 

detection, whereas Ct values close to 40 indicate poor detection. Ct values >40 are considered as not 

detected. 

 

6.1.2 Pratylenchus zeae: Thirty three individual nematodes from 5 growing districts were isolated 

and their ITS sequenced. No major sequence diversity was observed between populations. An 

example of the sequence data is presented in Appendix 2.  

 

6.2 Detection of non-target organisms 

6.2.1 Pachymetra chaunorhiza: The P. chaunorhiza assay was tested against 6 separate DNA 
extractions from an isolate (PW16040) of Verrucalvus flavofaciens provided by Dr Percy Wong.   The 
6 separate extractions were tested individually using the Pachymetra chaunorhiza and Verrucalvus 
flavofaciens assays. DNA was detected on average at Ct 42 compared to an average Ct 17.8 for two 
P. chaunorhiza isolates (Table 1). This means the assay is about 19,000,000 times more likely to 
detect P. chaunorhiza than V. flavofaciens, so should be suitable to monitor P. chaunorhiza levels 
reliably in soil samples. 

In conclusion, the newly designed P. chaunorhiza assay efficiently detected all isolates tested with Ct 

values ranging between 15.7 and 17.9 whereas it did not detect V. flavofaciens (Table 6). 
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Table 6: Specificity testing of Pachymetra chaunorhiza assay using a near relative, Verrucalvus flavofaciens 

Sample Species Extraction DNA Ct 

ID Name Date pg/ul Th 0.015 

T154 Pachymetra chaunorhiza 18.01.16 200 17.6 

T155 Pachymetra chaunorhiza 18.01.16 200 17.9 

Isolate 1 Verrucalvus flavofaciens 06.06.16 200 39.7 

Isolate 2 PW16040 06.06.16 200 44.1 

Isolate 3  06.06.16 200 41.0 

Isolate 4  06.06.16 200 40.8 

Isolate 5  06.06.16 200 44.4 

Isolate 6  06.06.16 200 UD 

 

6.2.2 Pratylenchus zeae: The P. zeae assay designed in 2004, specifically detected all P. zeae isolated 

from a range of sugar districts, but no other Pratylenchus species, nor a wide collection of other 

nematode species (Table 7). The specificity of the Pratylenchus zeae assay was evaluated as part of a 

national survey of root lesion nematodes funded by GRDC DAS00137. These results illustrate that 

the assay is specific. 
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Table 7. Sensitivity and specificity assessment of the P. zeae qPCR assay 

Species Ct Value 

Pratylenchus penetrans ND# 

P. thornei ND 

P. quasitereoides ND 

P. neglectus ND 

P. crenatus  ND 

P. hippeastri ND 

P. nanus ND 

P. pinguicaudatus ND 

P. vulnus ND 

P. oleae ND 

P. bolivianus ND 

P. dunensis ND 

Individual P. parazeae (x18) ND 

Other species* ND 

Individual P. zeae (x33) 28.9-32.6 

P. zeae at 200 pg/ul 27.8 

*Other species: Heterodera trifolii, Meloidogyne fallax, M. 

hapla, M. javanica, M. incognita, M. arenaria, Ditylenchus 

dipsaci, Heterodera avenae, H. glycines, Merlinius brevidens, 

Pratylenchoides alkani and variabilis, a range of free living 

nematodes were not detected. 

#ND: Not detected. 

In conclusion, no ‘non-target’ species were detected in the root lesion nematode survey. 

 

6.3 Detection in commercial field soils 

6.3.1 Pachymetra chaunorhiza and P. zeae: The assays for P. chaunorhiza and P. zeae detected 

these organisms in naturally-infested soils from commercial fields from across Queensland (Table 8). 

  



Sugar Research Australia  Final Report - Project 2015/047 

14 
 

Table 8: Pachymetra chaunorhiza and Pratylenchus zeae levels detected by new assays in field samples from 
sugar producing regions in Qld and NSW.  DNA was diluted 1/5 

Sample Region Crop stage 
Pachymetra P. zeae  

                    (sequence copies/g sample) 

BB39724 

Tully Cane 

Productivity 

Services Ltd, Qld 

Q208 6R 0.0 13858 

BB39725 Q208 5R 19149 137234 

BB39726 Q208 3R 10169 90592 

BB39727 Q228 R5R 0.0 33518 

BB39728 Q208 6R 0.0 121924 

BB39729 Q200 R6R 1984 182047 

BB39730 Q200 7R 0.0 95294 

BB39731 Q208 1R 0.0 50642 

BB39732 Q228 R4R 39577 395582 

BB39714 

Mackay Area 

Productivity 

Services, Qld 

 
1844 2593 

BB39715 
 

1772 27081 

BB39716 
 

0.0 24620 

BB39717 
 

7198 0.0 

BB39718 
 

0.0 55614 

BB39719 
 

2331 3887 

BB39720 
 

0.0 40944 

BB39721 
 

904 59626 

BB39722 
 

0.0 5746 

BB39723 
 

7619 58731 

BB41515 KQ228-4R 0.0 0.0 

BB39734 

Maryborough 

Sugar Factory, Qld 

 
0.0 40383 

BB39735 
 

0.0 1230 

BB39736 
 

0.0 0.0 

BB39737 
 

0.0 1027 

BB39738 
 

0.0 117172 

BB39739 
 

0.0 95367 

BB39740 
 

2207 1140 

BB39741 
 

1427 0.0 

BB39742 
 

2571 123011 
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Sample Region Crop stage 
Pachymetra P. zeae  

                    (sequence copies/g sample) 

BB39743 
 

3902 5409 

BB50368 

Sunshine Sugar, 

NSW 

 
0.0 9076 

BB50369 
 

0.0 0.0 

BB50370 
 

355 0.0 

BB50371 
 

1378 3059 

BB50372 
 

695.9 6265 

BB50373 
 

1660 5824 

BB50374 
 

584 23092 

BB50375 
 

0.0 18347 

BB50376 
 

6968 2081 

BB50377 
 

3675 1140 

BB50378 
 

1969 0.0 

BB50379 
 

0.0 3047 

BB50380 
 

0.0 2942 

BB50381 
 

0.0 0.0 

BB50382 
 

0.0 0.0 

Samples selected for NGS.  

It should be noted that some soils tested negative for P. zeae; the previous experience of one of the 

project team (Dr Stirling) suggests that almost every soil in Queensland cane fields is populated by 

this species; this suggests a lower sensitivity of the DNA assay as compared to manual counts.  

  

6.4 Correlation of DNA assay results with existing assay methods 

One of the most critical aspects of the research is to show that the DNA tests provide comparable 

results to the existing assay methods and that the new method is a reliable guide for making 

recommendations on disease management to industry. The ability of the new assays to predict field 

inoculum levels for each organism is outlined below.  

6.4.1 Pachymetra chaunorhiza: The results from two soil dilution experiments, where differing 

inoculum densities of P. chaunorhiza were created by mixing infested with uninfested soils (two 

different soil types) suggest good agreement between the DNA tests and the existing assay method.  
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Experiment 1: Japoonvale soil 

A correlation of the DNA vs manual count results are presented in Figure 1 and Figure 2. 

 

 

Figure 1:  Oospore count for each soil dilution in the first experiment conducted using Japoonvale soil 

 

 

Figure 2:  The relationship between oospore counts for each dilution and the DNA copy number for the 
target Pachymetra chaunorhiza genes, as quantified in the SARDI laboratory for the Japoonvale soil 
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Experiment 2: Mourilyan soil 

The results of the assays comparing manual counts in the Mourilyan soil with DNA analyses are 

presented in Figure 3 and Figure 4 

 

 

Figure 3:  Oospore count for each soil dilution in the first experiment conducted using Mourilyan soil 

 

 

Figure 4:  The relationship between oospore counts for each dilution and the DNA copy number for the target 
Pachymetra chaunorhiza genes, as quantified in the SARDI laboratory for the Mourilyan soil 

 

The results with both soils show that there is close correlation between oospore counts and soil 

dilution, as well as between DNA copy number and manual oospore assay. This appears to provide a 

sound basis for molecular assay of soils for Pachymetra root rot. Additional modelling analyses were 

also undertaken based on these data.  
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6.4.1.1 Modelling low spore detection for P. chaunorhiza 

The results from the two experiments suggested that the DNA assay was not as sensitive as the 

manual spore count assay. 

At low dilution, there typically was less than the potential number of five detections. The actual 

number was related to the dilution. The concentration of spores for each treatment was then found 

by multiplying the initial concentration (measured as 12,753 /g dry weight) by the dilution to give 

predicted spore numbers at each dilution. The number of detections was then modelled using a 

generalised likelihood regression against the logarithm of the concentration of spores, assuming 

binomial errors 

The resultant predictor is shown in Equation 1. 

λ = -9.69 ± 3.29 + 1.90 ± 0.64 ln (concentration) Equation 1 

That equation was then used to predict λ for each concentration. The fitted λ was then used to fit 

detection probabilities using the relationship shown in Equation 2 to give the result shown the 

detection with a single PCR assay. 

π = exp(λ)/(1 + exp(λ)) Equation 2 

The expected number of detections was then found using Equation 3. 

P = 1 – (1- π)r Equation 3 

Where r represents the number of PCR assays run for that sample. The results are given in Table 9. 

Table 9:  Data used to derive detection probabilities for 1, 2 or 3 PCRs 

Dilution Detections Spores/g PCR1 PCR2 PCR3 

0.0625 5 45.5 0.954 0.998 1.000 

0.0313 4 22.8 0.846 0.976 0.996 

0.0156 3 11.4 0.595 0.836 0.934 

0.0078 1 5.7 0.282 0.485 0.630 

0.0039 1 2.8 0.095 0.181 0.259 

0.0020 0 1.4 0.027 0.054 0.080 

 

An alternative approach was to nominate the spore density, and from that derive the expected copy 

number (by multiplying by 17.5), and hence the probability of a detection with one PCR and then 

with several. The resulting data are summarised in Table 10. 
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Table 10:  Derived detection probabilities based on data from Table 9 

Spores per gram 
Probability of detection 

1 .PCR 2 .PCRs 3 .PCRs 

1 0.014 0.028 0.042 

2 0.051 0.099 0.145 

3 0.104 0.197 0.281 

4 0.167 0.306 0.422 

5 0.235 0.415 0.552 

6 0.303 0.514 0.661 

7 0.368 0.601 0.748 

8 0.429 0.674 0.814 

9 0.485 0.734 0.863 

10 0.535 0.784 0.899 

11 0.579 0.823 0.926 

12 0.619 0.855 0.945 

13 0.654 0.881 0.959 

14 0.686 0.901 0.969 

15 0.713 0.918 0.976 

16 0.738 0.931 0.982 

17 0.759 0.942 0.986 

18 0.779 0.951 0.989 

19 0.796 0.958 0.992 

20 0.811 0.964 0.993 

Estimation of confidence intervals 

 

The estimates of the coefficients shown in Equation 1 had a variance-covariance matrix Σ  

 
(Intercept) log(Concentration) 

(Intercept) 10.816 -2.079 

log(Concentration) -2.079 0.410 

Note that the square root of the diagonal values of the matrix corresponds to the SE values given in 

Equation 1. 

The variance for an estimate for 20 spores/g or a concentration of 20 × 17.5 = 350 required first 

putting the predictor input into a matrix X [1, ln(350)] a matrix where the 1 corresponds to the 

intercept. The variance at the value corresponding to 20 spores is than given by  

V = X ΣXt Equation 4 

That multiplication gave a variance of 0.528. Simulations were then conducted by adding normal 

error with zero mean and variance 0.528 to the predictor. Percentile based on 1000 simulations 

were then found and the results listed in Table 11. From the table it can be deduced that there is a 

95 % certainty the detection rate for 20 spores per gram will be at least 0.80-. 
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Table 11:  Results of simulation to predict confidence interval of detection probabilities 

Confidence level 1 PCR 2 PCR 3 PCR 

95% 0.55 0.80 0.91 

90% 0.62 0.85 0.94 

80% 0.68 0.90 0.97 

50% 0.80 0.96 0.99 

20% 0.88 0.99 1.00 

10% 0.91 0.99 1.00 

5% 0.93 0.99 1.00 

 

An outcome from this analysis is that at low inoculum levels, two PCR assays may be needed, 

depending on the required sensitivity of the assay and the field-based context for the assay. For 

instance, where qualitative information is needed, two PCR tests may be employed.  

6.4.2 Parasitic nematodes (root lesion -Pratylenchus zeae, and root knot - Meloidogyne spp) 

The results from the comparison of manual nematode counts with the DNA assays for each species 

are outlined below. 

Experiment 1: Bundaberg soil: 

Results obtained from the various dilutions after a two-day extraction are presented in Table 12.  

Table 12:  Nematodes recovered after 2 days from a nematode-infested soil that was diluted with various 
proportions of non-infested soil 

Dilution 
% of sample 

counted 
Replicate No. nematodes/250 g soil 

Mean no. nematodes/ 
250 g soil 

   Root-knot Root-lesion Root-knot 
Root-
lesion 

1 7.7 1 6329 938   

1 7.7 2 6200 1172   

1 7.7 3 6747 1146 6425 1085 

2 14.1 1 2926 523   

2 14.1 2 2940 424   

2 14.1 3 2757 551 2874 499 

3 20.3 1 1456 246   

3 20.3 2 1397 285   

3 20.3 3 1663 256 1615 262 

4 24.9 1 964 209   

4 24.9 2 900 249   

4 24.9 3 984 209 949 222 

5 31.2 1 416 67   

5 31.2 2 439 83   

5 31.2 3 419 67 425 72 

6 100 1 154 25   

6 100 2 157 27 156 26 

7 100 1 82 3   

7 100 2 76 3 79 3 

8 100 1 22 0   

8 100 2 24 1 23 1 

9 100 1 3 0   

9 100 2 3 0 3 0 
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6.4.2.1 Nematode extraction times: The results from the differing extraction times are reported 

below. Significant numbers of nematodes were extracted after the normal 2-4 day extract period. 

The nematodes recovered at different times from the undiluted treatment 1 soil and the 50:50 

dilution (treatment 2), together with the cumulative percentages extracted at different times, can be 

found in Table 13 and Table 14. These results show that about 53 % of the root-knot and root-lesion 

nematodes were extracted with the standard two-day incubation time. 

Table 13:  Effect of extraction time on the number of nematodes recovered from the first two dilutions of 
Wallaville soil 

Extraction time 
(days) 

Root-knot nematodes/ 
250 g soil 

Root-lesion nematodes/ 250 g soil 

 Dilution 1 Dilution 2 Dilution 1 Dilution 2 

2 6425 2874 1085 499 

4 1883 865 257 115 

7 1010 570 362 48 

14 1136 701 200 118 

21 545 444 141 78 

28 184 138 66 12 

35 132 44 36 4 

Sugar 87 0 10 8 

Total 11402 5636 2157 0 

 

Table 14:  The cumulative percentage of nematodes extracted from the Wallaville soil after various 
incubation times 

Extraction time 
(days) 

Cumulative % of root-knot 
nematodes extracted 

Cumulative % of root-lesion 
nematodes extracted 

 Dilution 1 Dilution 2 Dilution 1 Dilution 2 

2 56.3 51.0 50.3 57.2 

4 72.9 66.3 62.2 70.4 

7 81.7 76.5 79.0 75.9 

14 91.7 88.9 88.3 89.4 

21 96.5 96.8 94.8 98.2 

28 98.1 99.5 97.9 99.5 

35 99.2 100 99.5 100.0 

35 (sugar) 100.0 100.0 100.0 100.0 
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There was a good relationship between soil dilution, nematode extraction and DNA assay results 

(see Figure 5, Figure 6). 

 

Figure 5:  The relationship between manual counts for Pratylenchus zeae for each dilution and the DNA copy 
number for the target P. zeae genes, as quantified in the SARDI laboratory for the Bundaberg soil 

 

 

Figure 6:  The relationship between manual counts for Meloidogyne spp for each dilution and the DNA copy 
number for the target Meloidogyne spp genes, as quantified in the SARDI laboratory for the Bundaberg soil 

 

Experiment 2: Rocky Point 

Initial manual nematode species populations in the soil from Rocky Point are detailed in Table 

15.  Though no root knot (Meloidogyne species) were detected in the manual count, some were 

detected with the DNA test later. This may have arisen from field variation / sampling. 
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Table 15:  Summary of the nematode counts undertaken on the Rocky Point soil, showing a relatively high 
population of Pratylenchus zeae and a zero initial population of Meloidogyne spp. 

Nematode No./kg of soil 

Root-lesion 8,000 

Spiral 384 

Stubby 1,312 

Stunt 76 

Ring 464 

 

Nematode populations (P. zeae / Meloidogyne species) in the soil dilution series from the Rocky 
Point soils are outlined in Table 16.  

Table 16:  Nematodes recovered after 2 days from a nematode-infested soil, from Rocky Point, that was 
diluted with various proportions of non-infested soil 

Dilution 
% of sample 

counted 
Replicate 

No. nematodes/ 
250 g soil 

Mean no. nematodes/ 
250 g soil 

   Root-knot 
Root-
lesion 

Root-knot 
Root-
lesion 

1 100 1 244 1095   

1 100 2 160 1374   

1 100 3 217 1091 207.0 1186.7 

2 100 1 215 596   

2 100 2 95 598   

2 100 3 98 510 136.0 568.0 

3 100 1 89 287   

3 100 2 77 248   

3 100 3 105 250 90.3 261.7 

4 100 1 18 106   

4 100 2 21 108   

4 100 3 38 105 25.7 106.3 

5 100 1 8 45   

5 100 2 7 59   

5 100 3 11 64 8.7 56.0 

6 100 1 3 22   

6 100 2 3 43   

6 100 3 9 26 5.0 30.3 

7 100 1 0 10   

7 100 2 2 20   

7 100 3 3 12 1.7 14.0 

8 100 1 1 18   

8 100 2 0 9   

8 100 3 0 10 0.3 12.3 

9 100 1 0 2   

9 100 2 0 1   

9 100 3 0 1 0 1.3 

As with the Bundaberg soil, there was a good correlation between DNA assays and P. zeae 

populations, but a much poorer correlation with Meloidogyne spp. This is most likely because of the 

low populations of the latter and the associated variation (Figure 7 and Figure 8). 
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Figure 7:  The relationship between manual counts for Pratylenchus zeae for each dilution and the DNA copy 
number for the target P. zeae genes, as quantified in the SARDI laboratory for the Rocky Point soil 

 

 

Figure 8:  The relationship between manual counts for Meloidogyne spp for each dilution and the DNA copy 
number for the target Meloidogyne spp genes, as quantified in the SARDI laboratory for the Rocky Point soil. 

The relationship between manual and DNA assays for Meloidogyne species was not as good in the 

Rocky Point soil compared to the Bundaberg soil. Part of the reason was the lower overall 

Meloidogyne population in the Rocky point soil. P. zeae populations correlated well.  

The sensitivity of the DNA assay for P. zeae, as for P. chaunorhiza, is not quite as sensitive as the 

manual count assays. This will need to be kept in mind when conducting surveys.  

6.5 Pathogen thresholds converted to DNA equivalents 

Conversion of DNA copies to pathogen counts /g soil 

Data from each of the soils assayed for each target organism were analysed and the following 

relationships derived (Table 17).  
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Table 17:  Relationship between DNA copy number and manual counts (conversion ratios) for each soil 
target species assayed and coefficient of determination (R2) for each relationship. 

Target organism Soil Conversion Rate R2 

Pachymetra chaunorhiza 
Japoonvale 0.0496 0.958 

Mourilyan 0.0565 0.994 

Pratylenchus zeae   (RLN) 
Bundaberg 0.00003 0.95 

Rocky Point 0.00002 0.95 

Meloidogyne spp (RKN) 
Bundaberg 0.00534 0.98 

Rocky Point 0.00070 0.47 

 

Calculations were undertaken using all the manual counts and DNA results to determine the 

appropriate conversion ratios between the traditional counts and the DNA results from the SARDI 

laboratory.  Recommended conversion rates for each target species are provided in Table 18. 

Table 18:  Recommended conversion ratios between DNA copy number and manual counts for each target 
species 

Target organism 
Recommended 

conversion rate 
Units 

Pachymetra chaunorhiza 26.7 DNA kcopies/g soil to spores/g soil 

Pratylenchus zeae   (RLN)  0.0357 DNA kcopies/g soil to nematodes/g soil (based on 2 

day counts) 

Meloidogyne spp (RKN) 0.0056 Pg DNA/g soil to nematodes/g soil  
(based on 2 day counts) 

These conversion ratios will be used to create various thresholds (as required) for crops in different 

stages in the sugarcane cropping system. There are many and varied combinations of 

recommendations needed to match farming system, crop cycle stage, and varietal resistance. 

6.6 Establish the DNA assays for routine testing 

The SARDI assay laboratory has already received samples from some SRA staff (more to test the 

system) and they have provided quantitative DNA results. Now that calibrations are finalized, the 

service may be utilised further. 

Business model for delivering reports to growers (commercial in-confidence) 

The PREDICTA® model in various other industries around Australia has provided a comprehensive 

soil biology assay service for the first time in those industries. As such, the model provides for a new 

service and the establishment of relevant staff through the industry as the face of the assay service. 

The sugarcane industry is somewhat different in that an assay service already exists, there are 

structures in place that allow for the interpretation and communication of results to individual 

researchers and farmers, and various other aspects of an assay service are present already. 

Under these circumstances, thought was given to how the PREDICTA® model would best be applied 

to the sugarcane industry. Key points of difference in the business model suggested for this industry, 

as compared to other industries, are: i. SARDI to be contracted to assay samples for Pachymetra 

chaunorhiza, Pratylenchus zeae and Meloidogyne species and to communicate the assay results to 

the current SRA laboratory, ii. SRA laboratory to use existing reporting services, databases and 

industry contacts to provide assay results to researchers and farmers, and iii. A new pricing structure 
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be introduced that passes on to industry the economies provided through multiple assays of an 

individual soil sample – making multiple tests cheaper than the current assay service.   

This business model eliminates the need to train ‘agronomists’ in every region in how to interpret 

assay results, provides for the consistent reporting of results in a form which all parties are 

already familiar with and maintains the current ‘face’ of the assay service. This approach has 

been endorsed by SARDI (Alan McKay) and SRA management.  

 

More specific information on the proposed model is outlined below. 

 

Sugarcane industry business model 

This business model will evolve with experience as the assay service rolls out and is implemented in 

the Australian sugarcane industry. The model outlined here has been communicated to some parts 

of the industry, initially to gain feedback on the proposed model. Some costings are yet to be 

decided by SRA Management.  

INDUSTRY COMMUNIQUÉ 

Recent research (SRA project 2016/047) has seen the development of new DNA-based tools for 

assaying soils for Pachymetra chaunorhiza (Pachymetra root rot), Pratylenchus zeae (root lesion 

nematode) and Meloidogyne spp (root knot nematode). These have been shown to reliably and 

accurately predict soil populations of these pathogens / parasites. The opportunity now exists to 

implement these tests within the sugarcane industry. Guidelines on various aspects related to soil 

sampling, soil dispatch to the laboratory, populating the assay request forms, costs and other issues 

are outlined below. 

SARDI (South Australia Research and Development Institute) operate a DNA-based laboratory at 

Urrbrae, Adelaide. This laboratory assays soil biological components for a range of cereal and 

horticultural industries. The tests accurately predict soil populations of diverse pathogens (including 

Rhizoctonia solani (bare patch), Gaeumannomyces graminis (take all), plus many others; the test also 

provides quantitative measures of a number of nematodes (various Pratylenchus and Meloidogyne 

species) etc. Beneficial organisms are also quantified in soil, including mycorrhizae (for instance, 

arbuscular mycorrhizae (AM)). In different industries, the tests are variously trademarked as 

PreDicta®B, PreDicta®Pt and PreDicta®S. 

Tests 

The tests detect the presence of, and quantify the DNA present, within soil samples. SARDI operates 

the Adelaide DNA-testing facility, extracting DNA from 500g lots of soil; these are then subjected to 

specific DNA quantitative tests that provide feedback on the amount of DNA belonging to each 

species. Robots operate under strictly controlled conditions to process the samples providing for 

quantification of pathogen / root parasite DNA. Recent research investigated the correlation 

between traditional counts for relevant sugarcane organisms and the DNA detected in the same soil; 

very close agreement in the results was noted. The sugarcane DNA-based test will be known as 

PREDICTA®S. Multiple testing for pathogens / parasites is possible with the DNA test, though tests 

are not concurrent. The most significant assay cost arises from DNA extraction; this means that each 

additional test (whether Pachymetra, root lesion or root knot nematode) costs only a small amount 

more. In practical terms, this means that testing for all 3 organisms in the same test (see costs 

below) is the best approach.  
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Field sampling  

Previous research using the traditional assays for the soil pathogens / parasites has highlighted 

variation in field populations related to row-inter-row position, sampling depth, as well as field 

location. Sampling strategies were developed to provide for representative sampling of whole fields 

(using 1.5” Dutch head augers). The DNA assay is based on smaller core samplers (13mm internal 

diameter) inserted to 25cm depth. This is the zone where the highest populations of root-feeding 

organisms usually reside, given the normal rooting depth of the sugarcane root system.  

Soil packaging 

The recommended new samplers and sampling scheme (12 cores taken to 25cm depth) results in 

approximately 500g of soil. The new test requires all soil samples to be placed in provided, sealable 

plastic bags for dispatch to the SARDI Adelaide laboratory. Instead of writing labels or including a 

form with the soil sample, a bar code is all that is attached to each bag; bar code labels will be 

supplied by SARDI (upon request). 

Forms 

There will be an on-line form to be completed for each sample / batch of samples. This will be 

accessible on the SRA web-site, at www.sugarresearchaustralia.com.au. All relevant information 

related to the crop / paddock from which the soil is obtained should be included (as per usual). 

There are required fields; forms won’t be able to be submitted unless these fields are populated. 

Without a submitted form, no assays can be undertaken, nor feedback supplied. Forms are 

automatically transmitted to Tully SRA staff, once completed.   

Soil storage 

Unlike previous traditional nematode assays, which require living nematodes for a reliable assay, the 

new DNA-based assay is able to detect DNA in non-viable organisms – for just how long remains 

uncertain. Further research is ongoing and assessing the effects of various soil storage treatments; 

the effects of temperature x time on assay results for nematodes will be tested (one of the 

organisms most prone to heat effects); treatments will include sample storage at 40C (refrigerator), 

ambient temperature (storage shed) and under modest heat (40-450C, such as within vehicles). Soil 

temperature is therefore not likely to be as critical as it was with the traditional nematode assay. 

Recommended dispatch conditions are: keep the soil samples out of the sun and send them to reach 

Adelaide within 2-4 days. 

Sample dispatch 

All soil samples (except for free-living nematodes (FLN)) for DNA assay should be sent direct to the 

SARDI assay laboratory (Attention: Russell Burns, SARDI Plant Research Centre, 2B Hartley Grove, 

Urrbrae, SA 5064) rather than the Tully assay laboratory. The best, most cost-effective method of 

dispatch will vary with location, so local enquiries should be made. The SARDI assay lab prefer to 

assay batches of 80+ samples (enabling very rapid turnaround of survey sample results); smaller 

batches may be processed (10+) but costs will be higher. Small numbers or Individual samples may 

be sent to Tully (see below), for traditional assay.  

 Free-living nematodes: FLN will now be assayed at both the SRA Soil Biology Assay 

laboratory (Herbert north) and the SRA Woodford Pathology Farm, 90 Old Cove Road, 

Woodford (Burdekin south). As this will be a traditional test, soil storage will remain critical 

(keeping soils cool to prolong nematode survival).  

 

 

http://www.sugarresearchaustralia.com.au/
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Assay results 

DNA results will be sent from SARDI to the Tully soil assay laboratory, where staff will interpret the 

results and send electronic recommendations based on the assay request form data (as per normal). 

This protocol will ensure consistency with assay recommendations. All enquiries related to results 

should be directed to Laura MacGillycuddy, lmacgillycuddy@sugarresearch.com.au; Phone: 4088 

0712; Mobile: 0498 793 595. 

Urgent assay requests (low sample numbers) 

Where urgent assay results are needed (for instance if an individual farmer wants to plant a field and 

needs to know a Pachymetra root rot result), sample numbers up to 5 may be sent to the Tully soil 

assay lab for traditional spore counts. The sender must first contact Laura to ensure staff are 

available to rapidly process the samples. Costs will be advised upon request.  

Training package for accredited productivity services staff  

With the business model developed, as outlined above, a comprehensive training package for 

productivity service staff will not be needed to the extent predicted in the original project 

document. For much of industry, the face of the assay service will remain the same, just the 

background assays will be DNA-based.  

 

However, there are elements to the assay service that will be different. These include on-line 

form application for the service, collecting soil samples using a new sampler (though this is not 

absolutely essential to the assay service) and the dispatch of soil to Adelaide rather than Tully. 

These issues are being addressed through a series of meetings with Productivity Board staff in 

June 2018. It is anticipated that some trialling of the new system will be needed with both 

systems (traditional counts at the Tully assay lab / SARDI assays with the new dispatch service 

and reporting) operating for a short time to ensure a smooth transition. Some trialling of the 

new design sampler suggests that although it has been very successful under some 

circumstances (Graham Stirling, southern soils), some compacted, clay soils in older ratoons in 

the Tully area were very difficult to sample with the new 13 mm diameter sampler (Graham 

uses a 22 mm sampler). These issues will take some time to find suitable adaptations.  

Assay lab databases 

The proposed business model incorporates the current system of data recording and delivery of 

results. The Tully soil biology assay laboratory has an Access database with records going back to the 

time of laboratory commercialisation (around 2001). These results are fully searchable and provide 

an ongoing user-friendly system to both enter and retrieve data. The service has provided backup 

information for industry staff who utilize the assay service; summaries of results have been provided 

for both mill area and regions to regional representatives (while preserving privacy) so that local 

staff can better interpret what is happening within their regions of responsibility.  

SRA is currently redeveloping its on-line database (SPIDNet); provision has been made to incorporate 

the Tully soil assay lab database. This redevelopment has not yet been completed so the assay lab 

database also awaits finalisation. 

With the proposed business model leading to Tully assay lab staff being the focal point for the return 

of the assay results, all data will be held within the sugarcane industry, at the currently recognised 

data storage facility. This avoids individual data being held in isolation on a regional basis with 

limited access by changing staff members at these locations. 
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10 APPENDIX  

Appendix 1 

 – Sequence of the ITS of Pachymetra chaunorhiza isolate T154 showing the position of the forward 

(bold red), reverse (bold blue) and TaqMan MGB probe (bold purple) used for the assay. 

 

P. chaunorhiza Forward Primer    5’ TTTATGAGGCTTGTGTCTAGTTCTCTTC 3’ 

P. chaunorhiza Reverse Primer    5’ TGACTGCTCGTTTCAATCAGTAATTATT 3’ 

P. chaunorhiza TaqMan MGB Probe   FAM 5’ CGAAACCTTCTGCTAG 3’ (reverse 

complementary orientation) 

GCGGAAGGATCATTACCACACCAAAAAACTTTCCACGTGAACGTATTCTTTATGAGGCTTGTGTCTAGTTCTCT

TCGGAGGATTTAGACTAGCAGAAGGTTTCGAAAGGAACCGATGTATCTTTTAATCCCTTTTTATAAATAATTA

CTGATTGAAACGAGCAGTCAGAAATGATTGCTTTTAATTTCTATACAACTTTCAACAGTGGATGTCTTGGCTCG

TGAATCGATGAAGAACGCCGCGAACTGCGATACGTAATGCGAATTGCAGAACTCAGTGAGTCATCGAAATTTT

GAACGCATATTGCACTTTCGGGTTAGTCCTGGAAGTATGTCTGTATCAGTGTCCGTTAATACAAACTTGTTTTG

TCTATTTATTAGATGAAGCAGAATGTGAAGGTCTTGTTGTGAACAAGTCCTTTGAAATGACGGTCCCTGTATAC

AAGATCAAGTATATTATATAAAGGGCTATATGATTCTGATTTCAAATGTTTTGTATTGAGAATGCATGCATTTC

GAAAGAAGAATAAATCGCGGTAGTTTTGCTTGTGTTTCGGCACGGGTGAACAATATATTGCTTTTTATTTCTTT

TGGAGAGAGTGTGTAGTCGAAGACAGAATATGGAGTTAAGGAGAGTGTAGTCTGGTATGCTTGTGTGTATAT

GGAAGCAAATTGGGAAAGAATCTCCAATTTGGA-CCTGATATCAGACAAGATTACCCGCT 

 

Appendix 2 

 – Sequence of the ITS of Pratylenchus zeae (Oakenden KQ08 B47) showing the position of the 

forward (bold red), reverse (bold blue) and probe (bold purple) used for the assay. 

 

P. zeae Forward Primer     5’ GTCATTGGGCGTTGAAAACC 3’ 

P. zeae Reverse Primer     5’ CTCCACCCCGCTGCAA 3’ 

P. zeae TaqMan MGB Probe    FAM 5’ CAATGAAAGTGAAGTGCCAC 3’  

CCCGAAACCTGATCATTCGAGGGACGTGTAACCGCATGAGGTGGAAACGGATAGAGCCACGCGTATCTCGGC

CTGTATTCAACCGCTCCCGGGAAGCGCTCGTGCAGCTGGCGACCCCCGATTGGGACAGTTGTGCGAGTCATGC

TGGACCCGAGTGGTGCATTTGCAGGCCGAGTGCGCCGAGAGGCTCGGAGCAGCAGTGTGAGCCCGGTTTTG

AGGCCAGCTTGCTGGTACCCGGACTTGGGGGAGTGCTGTTTGCTTTGAGTTCCATGAGGGCATGGCTTACGG

GCCCGGTTATGGCCGAGCTGTGGGTCGGCGGCGGTCGCTTGCAACACGTGCTGTGCCAGCAGTTCAGTCCTG
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GTCGAGCTCCCACATGGCCTATTCTCGGTGTAAGAGCTGGTCATCTCTCCGACCCGTCTTGAAACACGGACCA

AGGAGTTTATCGTGTGCGCAAGTCATTGGGCGTTGAAAACCCAAAGGCGCAATGAAAGTGAAGTGCCACGC

AAGTGGCTGATGTGCAATGTTGTGTGCCAAGGCACACAACCGCAGCATGGCCCCATCCTGGCTGCTTGCAGC

GGGGTGGAGGAAGAGCGTGCGCGATGAGACCCGAAAGATGGTGAACTATTCCTGAGCAGGATGAAGCCAG

AGGAAACTCTGGTGGAAGTCCGAAGCGATTCTGACGTGCAAATCGATCGTCTGACTTGGGTATAGGGGCGAA

AGACTAATCCAACCATCTAGTATCTGGTTTCCTTCCAAATCCCCTCTT 

 

Appendix 3 

 – Sequence of the ITS of Verrucalvus flavofaciens isolate PW16040 highlighting the differences (bold 

green) with P. chaunorhiza in the forward (red) and reverse (blue) primer sequences. 

 

GCGGAAGGATCATTACCACACCAAAAAAACTTTCCACGTGAACGTATTCTTTATGAGGCTTGTGTCTAGTTTCT

CTTCGGAGGATAAGACTAGCAGAAGGTTTCGAAAGGAACCGATGTATCTTTTAATCCCTTTTATACCAAAGTA

CTGATTGAAAACGAGCAGTCAGAATTGATTGCTTTTAATTTCTATACAACTTTCAACAGTGGATGTCTTGGCTC

GTGAATCGATGAAGAACGCCGCGAACTGCGATACGTAATGCGAATTGCAGAACTCAGTGAGTCATCGAAATT

TTGAACGCATATTGCACTTTCGGGTTAGTCCTGGAAGTATGTCTGTATCAGTGTCCGTTAATACAAACTTGTTTT

GTCTATTTATTAGATGAAGCAGAATGTGAAGGTCTTGTTGTGAACAAGTCCTTTGAAATGACGGTCCCTGTATA

CAAGATCAAGTATATTGCGTAAAGGGCTATATGATTCTGATTTCAAATGTTTTGTATTGAGAATGCATGCATGT

CGAAAAAAGAATAAATCGCGGTAGTTTTGCTTGTGTTTCGGCACGGGTGAACAAATATATTGCTTTTTATTTCT

TTTGGAGAGAGTGTGTAATCGAAGACAGAATATGGAGTTAAGGAGAGTGTAGTCTGGTATACTTGTGTGTAT

ATGGAAGCAAATTGGGAAACAACCTCCAATTTGGA-CCTGATATCAGACAAGATTACCCGC
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