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Abstract New technologies offer considerable scope for the refinement of disease management in the 

Australian sugarcane industry.  While resistant cultivars, disease-free plant sources, crop 

termination and quarantine have provided a strong foundation for good disease management, 

the development of new technologies offers the possibility to make changes to data 

accumulation, analysis and application to industry.  DNA- and NIR-based assay technology, 

remote sensing, drones, data digitisation, GIS and information databases offer the ability to 

capture huge additional amounts of relevant field data, enabling a better understanding of 

disease issues and the management required to minimise losses.  This will also enable 

targeted extension of management strategies to individual farmers and industry sectors.  

Automated pathogen assays may also be possible, centred on the sugar factory.  Step changes 

in disease management are likely in the next 5-10 years. 
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INTRODUCTION 

We live in an environment where technology is changing rapidly, and knowledge is increasing at an extraordinary 

pace.  It is even hard to keep up with mobile phone technology and all the applications that are now possible 

through such compact devices.  The same technological developments are increasingly influencing disease-

management practices around the world; systems that were once reliant on field visits by scientific experts are 

being substituted for on-the-spot photographs relayed to experts far-away for diagnosis (Chaudry 2018).  Such 

technologies are opening the way for agricultural industries to make major changes to the way they manage 

diseases.  Here, I first consider traditional sugarcane disease management strategies; these include resistant 

cultivars, disease-free seed cane, diagnosis and tailored farming systems. I then contrast these to emerging 

technologies that offer the opportunity to refine and transform sugarcane disease management through much 

improved information capture, analysis and reporting. 

 

TRADITIONAL DISEASE MANAGEMENT 

Our industry has relied heavily for many years on several traditional disease-management strategies.  Our 

collective expertise in these areas has served the industry well.  With due diligence and technical skills, combined 

with excellent collaboration, the Australian industry has managed to minimise the incidence of many conditions - 

even to the point of eradicating two major diseases: gumming, caused by the bacterium Xanthomonas 

campestris pv. vasculorum, and downy mildew, caused by Peronosclerospora sacchari (Ricaud and Autrey 1989; 

Leu and Egan 1989).  The Australian industry is only one of a few that have eradicated major sugarcane 

diseases, and the demise of these two diseases was brought about by rigorous field inspections, rogueing of 

diseased stools, focused breeding to produce a suite of more resistant cultivars, disease-free nursery material 

and the rapid termination of diseased crops (Ricaud and Autrey 1989; Leu and Egan 1989). All this required a 

massive resource input from field cane productivity service staff to pathologists to plant breeders.  The costs of 

the program was very high, as were the indirect costs of reduced productivity. Additional facilities were also 

needed to provide the necessary logistics.   

Australia’s major sugarcane diseases are generally managed well through traditional systems. Three examples 

are cited to illustrate current industry practices. 
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Case studies 

Sugarcane smut 

Sugarcane smut, of almost world-wide distribution, was not detected in Australia until 1998 (Ord River, Western 

Australia) (Englke et al. 2001).  The east coast industry quickly responded to the Western Australian detection 

and developed a breeding strategy to increase the level of resistance in high-yielding, commercial cultivars (Croft 

et al. 2008; Bhuiyan et al. 2013).  Smut detection for the first time on the east coast (Bundaberg, June 2006) led 

to the rapid deployment of planned emergency management, which included meticulous inspections of every 

plant in almost every plant source, termination of heavily-infested crops, the bulk introduction of resistant cultivar 

planting material and intense field inspections to gauge the speed of disease spread and escalation (Cox et al. 

2010; Magarey et al. 2010).  This was highly dependent on labour and the skills of experienced field staff.  Since 

then, on-going management has relied on the release of high-yielding resistant cultivars accompanied by the 

manual screening of large numbers of clones for smut resistance within the Sugar Research Australia (SRA) 

plant-improvement program.  In-field visual inspection of thousands of individual clones is ongoing in multiple 

annual resistance trials.  

 

Pachymetra root rot 

This uniquely Australian soil-borne disease was first recognised in 1967 at Cucania (near Babinda).  Research 

showed the causal agent (Pachymetra chaunorhiza) to be a previously unknown and undescribed oomycete 

capable of destroying the root systems of susceptible clones (Magarey 1989).  Research led to development of a 

resistance screening technique where potting mix is infested by the disease and replicate plants of each test 

clone are assessed visually 12 weeks later (Croft et al. 1998).  A soil assay was developed that enabled the 

inoculum present in farmers’ fields to be quantified; this is a laborious assay undertaken by diligent technicians 

and relies on the manual counting of spores under a microscope (Magarey 1989).  To assess the severity and 

distribution of the disease, regional surveys are conducted; these rely on the collection of multiple soil samples 

from farmers’ fields, (generally between 60-100 samples per mill area) (Magarey et al. 2013).  Soil assays take 

significant time to process and, as a consequence, limited numbers of regional soils can be assayed.  

 

Ratoon stunting disease (RSD) 

Caused by the coryneform bacterium, Leifsonia xyli subsp. xyli, this systemic bacterial disease with no external 

symptoms remains one of the Australian industry’s major diseases (Croft et al. 1994).  The bacterium inhabits the 

vascular tissues of the cane plant, inhibiting water flow and leading to yield reductions of 5-45%, depending on 

the water stress in the growing crop (Roach 1987).  The bacterium is easily spread by equipment that cuts the 

stalk vascular tissues.  Currently, management relies on disease detection in nursery and commercial cane plus 

the propagation of disease-free seed sources for planting new crops.  Disinfection of mechanical cutting surfaces 

is critical, since the bacterium is spread very easily.  Stalk selection and subsequent sub-sampling is a critical 

aspect of disease diagnosis, so the likelihood of disease detection relies heavily on both the number of stalks 

sampled per field and the sensitivity of the applied assay.  

When RSD was first discovered, there was no specific assay and diagnosis relied on transmission experiments in 

which poor growth and internal stalk symptoms were the key parameters.  The ‘test’ took time and was 

subjective.  This made RSD diagnosis uncertain and costly, particularly from a time perspective.  With the 

identification of a bacterium as the causal agent came the development of a microscope-based assay that relied 

on manual examination of xylem extract.  The number of samples able to be assayed remained small due to the 

time required to collect and examine the xylem extracts.  A reasonably specific antibody-based test was then 

developed that enabled the processing of much larger sample batches (approximately 90 samples per batch; 

Croft et al. 1994)); however, manual field sampling and the limited number of stalks able to be selected for assay 

provided an on-going limitation to detecting the disease. 

Disease management in all three cases relies on time-consuming manual inputs, with the scope for disease 

detection being limited due to the time required to take and process samples.  The assessment of clonal 

resistance, in relation to smut and pachymetra root rot, is time consuming and requires very significant manual 

disease assessments.  

The same principles apply to many of the other major sugarcane diseases.  Technologies for resistance 

assessment, disease assay, disease incidence / severity surveys and certification of disease-free crops largely 

rely on manual assessments, visual ratings, time-consuming sampling strategies – all requiring significant labour 
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and time resources.  Traditional technologies thus limit the extent of the knowledge we can gather on our major 

diseases, simply because of they are time-consuming.  

 
NEW TECHNOLOGIES 

Information digitization 

Over the last 20 years, there have been major advances in technology, many made possible by information 

digitisation - the conversion of images and data to electronic file format.  This has enabled rapid data capture and 

analysis, plus the ability to easily and quickly transfer this information via the internet.  Information databases 

have provided for rapid data retrieval, sorting and interpretation.  Digitisation is thus revolutionising the earth 

sciences. 

 

Image analysis and UAVs 

Digital camera technology has improved ‘out-of-sight’, leading to the capture of high-resolution digitised images, 

which, in turn, can be subjected to various software analyses and unique interpretations (Cruz 2018; van Ardt 

and Carlson 2018; Tucker 2018).  Image analysis has provided for the ability to detect and assess disease 

incidence and severity within crops.  In horticultural industries, the focus has been on detecting the first signs of 

disease, so that preventative fungicides can be applied early in an epidemic (Cruz 2018). 

Advances in Unmanned Aerial Vehicles (UAVs or drones) technology has led to novel image capture and 

analyses.  Field trial yield and disease assessments are now possible using the combination of UAVs and digital 

image capture (Zhao et al. 2017).  

This has opened the way for remote sensing of these parameters, which in the past relied on meticulous manual, 

labour-intensive, in-field assessments.  The traditional approach also provided paper-based data that generally 

were more resistant to analysis and interpretation. 

 

GPS / GIS systems 

Global Positioning Systems (GPS) have enabled recording of the exact spatial pattern of diseases in field crops, 

facilitating much easier and more precise mapping.  This applies to disease on a plant-by-plant basis and to 

disease incidence and severity over whole fields and regions.  Such systems facilitate the presentation of data 

via maps – a powerful tool to communicate information to all sectors of the industry (Magarey et al. 2010). 

 

Diagnostics - DNA detection 

The advance of molecular, DNA-based diagnostics has made pathogen assays extraordinarily more accurate 

and sensitive.  Though still requiring field interpretation, there are now broad horizons to pathogen detection and 

qPCR assays can detect extremely low pathogen levels in plant extracts (Young et al. 2014).  

 

NIR detection 

Near-infra-red (NIR) systems have already been implemented in some sectors of the Australian sugarcane 

industry, to measure processed cane quality parameters, such as CCS, fibre, Pol, water content and other factors 

(O’Shea et al. 2010).  The technology offers scope for the measurement of other parameters, including 

pathogens and disease. 

 

Big data and data platforms 

With very significant increases in the volume of captured data now made possible through modern electronic 

equipment, data platforms are becoming increasingly important for storage, analysis and reporting of data.  The 

capability to now relate many environmental parameters to disease incidence is transforming our understanding 
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of how systems and ecosystems operate.  In turn, this has the potential to greatly refine disease-management 

practices. 

Combining each of these technologies provides for a very powerful system that includes extensive data capture 

by minimising the need for in-field assessment and manual assays, while greatly improving data objectivity, 

accuracy and analyses.  The potential now exists to significantly refine our management approaches. 

 

APPLICATION TO THE SUGARCANE INDUSTRY 

Disease management in the sugarcane industry will profit from the coordinated application of a number of these 

new technologies.  

 

Use of aerial imaging  

The application of drones, with appropriate camera systems, could transform two specific and important disease 

management activities; resistance screening and regional disease-incidence assessment. 

 

Resistance screening 

Crop images obtained via drones offers the capability to assess leaf disease incidences and severity in routine, 

multi-plot, plant-breeding trials much earlier in the plant-breeding selection program.  Current labour-intensive 

methods for assessing clonal resistance limits the number that can be assessed – and, therefore, limits early-

stage assessments.  The adoption of drones and image analysis would open the way to assess clones in CATs 

(second-stage selection trials versus FATs — third-stage selection trials) and potentially to do this in multiple 

districts.  Resistance screening could, therefore, occur before the FAT stage, leading to potentially thousands of 

clones in CATs being assessed across the industry.   

The technology would thus enable significant shifts in the resistance of sugarcane populations, saving significant 

funding that otherwise would be invested in carrying susceptible clones through to the final stages of the 

selection program.   

An increased probability of selecting higher-yielding, resistant cultivars for commercial release would be an 

outcome.  Our knowledge of disease resistance in the plant-breeding program would be improved very 

significantly.  

In addition, many more parent clones could be screened for resistance; currently their resistance is largely not 

rated for leaf diseases.  This would enable better choice and selection of parents for specific crosses.  

Resistance screening of the resultant seedlings would also provide a level of feedback on the heritability of 

resistance for each of the major leaf diseases.  

Further research could see this technology applied to other diseases that exhibit distinct external symptoms such 

as leaf scald. With these diseases, a reasonably accurate assessment of susceptibility early in the selection 

program would be a great advantage in shifting clonal populations towards resistance; more traditional and more 

accurate resistance screening could then occur at the end of the cultivar development program to provide the 

necessary precision for published ratings. 

 

Disease assessment 

Drones and remote sensing also offer the ability to objectively assess the incidence and severity of diseases 

across districts and regions.  Such regional disease assessments are currently not possible because of the in-

field labour required to undertake manual disease estimations.  

These data would also enable annual crop loss estimates to be made, providing for the prioritisation of diseases 

relative to other types of yield constraints.  Extension staff could be made fully aware of the factors governing 

disease incidence and severity on a regional basis, apart from farming system effects (cultivars and other 

factors).  

 

GIS 

GIS offer a unique method for collating and analysing spatial data and for illustrating disease incidence and 

spread via easily-comprehended images.  
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Maps 

Disease GPS data for a range of diseases could be used to create incidence and severity maps using GIS.  For 

some diseases, such as smut, disease risk varies by both region and sub-district within the region.  An example 

is the Burdekin region, where drier areas tend to have more-severe smut infestations.  The collection of GPS-

based disease incidence and severity data could potentially cater for the development of smut-risk maps for the 

Burdekin region and other cane-growing districts and/or mill areas.  These would then provide a guide to plant 

breeders on the resistance needed in commercial canes for each region.  Local farmers could also use the maps 

as a guide to the resistance needed on their farms.  

The same applies to pachymetra root rot.  In the Mackay region, it is known that lighter soils on ridges tend to 

have a higher incidence of the disease, but this has never been properly mapped.  Global Positioning Systems 

(GPS) data have only recently been recorded for individual farm soil-borne disease assays.  The GPS data will in 

the future provide for mapping the severity of pachymetra root rot across cane-growing regions, clearly illustrating 

those parts where higher disease levels occur.  Construction of a pachymetra risk map could then assist 

extension staff with advising the local farming community on improved disease management.  There are similar 

environmental influences on pachymetra in other major cane-growing regions, and the same potential for refined 

management exists.  The adoption of GPS data recording in routine laboratories will make it relatively simple to 

create GIS maps on disease incidence and severity, something that was almost impossible with traditional 

technologies. 

 

Spatial analysis 

Geographic Information Systems (GIS also allows researchers to better interpret factors governing disease 

incidence, by relating key environmental variables with disease spatial data.  The scope for such analyses is 

broad, remains wide-open and is yet to be fully explored.  Unidentified factors governing the distribution and 

severity of some of our major diseases are yet to be identified. 

 

New diagnostic tools 

Recent developments in DNA-based pathogen assays have greatly improved our ability to detect specific 

pathogens.  Research has shown for instance that RSD molecular assays (qPCR) provide up to 1,000 times 

greater sensitivity compared to previous assays such as EB-EIA and phase-contrast microscopy (PCM) (Young 

et al. 2014).  This has improved our ability to detect the disease, particularly in plant sources.  Further 

improvements in DNA assays may provide a step-change in disease detection.  

Molecular diagnosis of soil pathogens, parasites and beneficial organisms is also now possible through advanced 

molecular techniques.  The South Australian Research and Development Institute (SARDI) in association with 

SRA, has developed DNA assays (Mckay et al. 2017) for pachymetra root rot (Pachymetra chaunorhiza), root-

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

Not only is the time shorter, but up to 20 different assays (different organisms) can be undertaken on the same 

soil DNA extracts.  This provides for a range of deleterious, beneficial and symbiotic organisms to be quantified 

using the same soil sample, and therefore allowing a more complete soil health assessment than previously 

possible.  Such data will enable much better interpretation of the effect of various management practices on soil 

and root health.  The ability to quickly assay soil samples will also aid in the development of risk maps for these 

organisms.  In addition, assaying many soil samples from clonal selection trials could be used to provide a basic 

resistance assessment (on the basis of the build-up of soil inoculum) for clones as they progress through the 

selection program – providing for earlier resistance assessment.   

Recent unpublished work undertaken by SRA suggests that qPCR technology offers scope for detecting 

Leifsonia xyli subsp. xyli in first-expressed juice at the sugar factory.  If this research continues to show promise, 

it may open the way for routine disease detection in every harvested crop in each factory area.  In that case, not 

only would disease incidence be pin-pointed (GPS), but factors leading to the commercial distribution of the 

disease could be better researched; there would also be much better targeting of farmers and planting and 

harvest contractors in extension activities that address disease management.  

Concurrent research is examining NIR detection of RSD in processed cane; this is also showing promise and 

offers the same potential for reporting on the RSD status of commercial crops.  NIR offers the added advantage 

in that there would be no additional assay costs (where sugar factories currently have an NIR unit installed).  NIR 

may also find other applications in relation to disease assessment. 

qPCR assays, as used with RSD, may also make it possible to detect other systemic diseases in juice at the 

sugar factory; for instance, sugarcane mosaic or chlorotic streak.  The refinement of these techniques would 
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allow abundant GIS information to be associated with individual assay results for each crop, across the industry.  

Instant disease mapping would be possible; this would not only highlight the scale of the disease issue (for 

instance with RSD), but also highlight where better disease management should be applied, thus focusing 

extension efforts.  It would then be possible to better quantify the scale of losses arising from each of these 

diseases, with their economic cost being assessed more accurately.  

 

DISCUSSION 

What could disease management in the sugarcane industry look like in the short-medium term?  There is no 

doubt that current foundational management strategies will remain; these include the use of cultivar resistance (to 

limit disease incidence and escalation), the planting of disease-free plant sources (to ensure crops are 

established with minimal primary disease) and the limitation on disease movement among regions provided by 

quarantine.   

New technologies offer much scope for the very significant refinement of these management strategies.  

Increasingly the technologies will replace more labour-intensive activities that have limited the extent of disease 

and environmental data capture.  Disease management will be strongly influenced by more effective resistance 

screening methods, made possible through remote sensing image analyses and via DNA-based soil assays.  

Rapid assessment methods will enable quicker and more effective responses to disease incursions.  The 

technology will also lead to better choice of parents, more efficient selection programs and the release of more, 

high-yielding, commercial cultivars possessing appropriate resistance for the regions in which they are grown.  To 

achieve this, local staff will need access to remote sensing plus GIS software systems. 

Improved pathogen diagnostics and remote sensing may well obviate the need for time-consuming individual 

farm visits for disease surveys of commercial crops, once appropriate ground-truthing has occurred.  Detection of 

pathogens in first-expressed diseased juice at the mill could provide a similar outcome and ‘automatically’ supply 

disease incidence data for all crops within each mill area and all regions.   

Annual surveys of all commercial field may thus become possible for some diseases, through mill-based 

molecular or NIR assays.  This will have a profound influence on our understanding of incidence and severity for 

these diseases, and the factors that may be contributing to the observed spatial pattern.  This would also provide 

for much-improved targeted extension that seeks to optimise farm and regional disease management.   

From these developments, our knowledge of disease incidence and its relationship with current industry 

management strategies will become much clearer and lead to conclusions on the best approaches to minimise 

losses, sustain productivity and profitability and have minimal effect on the environment. 

The use of these technologies to create disease risk maps will not only provide background information for 

breeders to refine their regional breeding programs, but will also place extension staff in a much better position to 

advise local growers on the disease risks posed in their part of the district and on the best approaches to disease 

management on individual farms.  These risk maps could be updated annually as further data are obtained from 

specific remote sensing surveys, planned in-field surveys or maps put together from soil assay laboratory data.  

This will significantly assist to improve industry disease management.   

Other technologies that could play a part in fashioning sugarcane disease-management strategies include 

techniques such as molecular markers for selection.  Markers offer the potential for better early-stage selection 

for disease resistance.  Though showing promise, and being well-researched over many years, application of this 

technology has been relatively slow, impeded by the relatively small amount of resistance explained by single 

sugarcane resistance genes.  The technology continues to offer some promise, but the timing of its commercial 

application is currently vague. 

Industry adoption of tissue culture is increasing, and the technology is providing for more rapid multiplication of 

seed cane.  The main use at this stage is for the rapid propagation of new cultivars for inclusion in approved seed 

plots.  However, broader adoption by industry could see better quality and greater volumes of seed cane used by 

industry, thus minimising the incidence of some systemic diseases.   

What are the likely hindrances to using these technologies to improve our disease-management systems? 

The exploitation of these technologies will take a coordinated adoption approach by both industry and 

researchers.  Adoption will rely on fund/research managers forseeing the possibilities that lie ahead and to cater 

for technological transformation.  

There will also be capital investment required; the current down-turn in industry profitability does not lend itself to 

the process.  Lastly, new technologies require new skills / training; this is definitely needed to fly drones, to 

properly use GIS software and to use other new technologies.  
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There are some barriers to the implementation of these new systems.  However, the potential for improving 

productivity, by gaining better understanding of diseases and the factors that control their severity, 

overwhelmingly calls for the introduction of such an approach.  
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