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Project Objectives 

The overall objective of the project was to search for and develop an 

economically effective biocontrol against sugarcane poor root syndrome 

(PRS). The disease was known to be caused by two pathogenic fungi: Pythium 

graminicola and an unnamed oomycete causing flaccid root rot. The 

seriousness of this newly recognised disease, and the dearth of economic 

controls warranted the effort necessary for such a search. The project was 

planned in three stages, the objectives of which were: 

1. to detect potentially useful biocontrol agents by means of pot tests, 

2. to test the effectiveness of such agents in field trials, 

3. to develop economic means of production, distribution and application 

of an effective biocontrol agent. 

A number of important secondary objectives arose in the course of the 

project, particularly in relation to stage 3. These included investigation 

of (a) genetic manipulation for biocontrol strain improvement, based on an 

understanding of the mechanisms of control, and (b) thermotelemetry as a 

rapid non-destructive indicator of PRS severity. 

Research Results, Difficulties and Benefits  

Summary  

Apparent natural decline in sugarcane stool tipping associated with 

poor root syndrome (PRS) was noticed in several fields in North Queensland. 

Soils from two such fields showed biological suppression of flaccid root rot 

in a glasshouse pot test. Although many bacterial isolates from the 

sugarcane rhizosphere in these soils showed antibiosis against one or both 
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PRS pathogens in vitro, none markedly reduced PRS severity when tested 

individually in pot trials. Five of 760 tested sugarcane rhizosphere 

microbes from various soils substantially reduced PRS severity or enhanced 

early plant growth in repeated pot tests. These isolates were identified as 

Bacillus, Enterobacter, Pseudomonas, Bipolaris and Penicillium species. 

Pseudomonas cepacia was frequently isolated and strongly inhibited both PRS 

pathogens in vitro but did not reduce disease severity in pot trials. When 

applied to sugarcane setts at planting, none of these potential biocontrol 

strains has so far approached economic control under field conditions. The 

possibility of transferring genes for biosynthesis of antifungal compounds 

from P. cepacia to other organisms for biocontrol strain improvement is now 

being explored. Non-pathogenic Pythium periilum, recently isolated from 

sugarcane roots, greatly reduces flaccid root rot severity in pot tests and 

will be evaluated further. The results emphasise the practical uncertainty 

of a search for an economic biocontrol. Suppressiveness due to a 

combination of many microbes may occur naturally, but would be difficult to 

exploit for economic control of PRS. Other useful results of the project 

include development of a controlled temperature chamber technique for year-

round testing of sett-rot control treatments, and preliminary indications 

that infra-red thermometry of leaf temperature may be a rapid non-

destructive indicator of varietal water stress tolerance and plant root 

health in sugarcane. 

Details  

Stage 1 

In response to a request for potentially PRS-suppressive soils, BSES 

extension staff reported fields on two farms in North Queensland whicli 

appeared to have undergone a natural decline in stool tipping due to PRS. 

These soils were assayed for biological suppressiveness against PRS 



pathogens by testing whether 10% v/v of unpasteurised soil could reduce 

disease severity in pasteurised soil artificially reinfested with either 

Pythium arrhenomanes or the unidentified Oomycete causing flaccid root rot 

(RRF). Of three soils tested, one showed marginal activity against P. 

arrhenomanes only and two caused 88% to 89% reduction in percent rotten 

shoot roots. No root rot occurred in Q90 planted in unpasteurised soil 

samples from the latter two fields. This is strong presumptive evidence for 

biological suppression of ERE. Rhizosphere microbes isolated from these 

soils were included in the biocontrol screening trials described below. 

A total of 705 isolates of bacteria and fungi were obtained from roots 

of Q90 grown in 46 soils from Tamborine, Rocky Point, Bundaberg, Mackay, 

Ingham, Tully and Babinda, including good/poor growth soil sets from several 

sites. Potential biocontrol agents obtained from various culture 

collections were Bacillus subtilis UQM 40, Pseudomonas cepacia UQM 1771, P. 

fluorescens UQM 500, P. putida UQM 493, Streptomyces griseus UQM 474, 

Trichoderma hamatum IMI 188616, T. harzianum DAR 33839 and DAR 41916, T. 

viridae IMI 168032, and fluorescent pseudomonad strains 37, 2.79 RN and 

Clove from Dr. A. Rovira, CSIRO. 

Each isolate was tested in pot trials for ability to suppress PRS 

development in plants growing from treated setts planted in PRS-infested 

soil. Most isolates had no effect on PRS severity, but a small proportion 

of those tested caused 70% to 80% reductions in root rot severity and 

stimulated increased growth of roots and shoots of treated plants in 

screening trials. Beneficial isolates included both bacteria and fungi. 

Several isolates appeared to stimulate early growth of germinating buds, 

thereby reducing damage caused by pineapple disease invading the planted 

setts. The most promising isolates from screening trials were retested in 

successive rounds of glasshouse pot trials with increasing numbers of 

replicates. From the results seven organisms were selected which 



consistently reduced PRS severity or increased growth of treated plants in 

glasshouse pot trials. These potential PRS biocontrols were P. fluorescens 

UQM 500, T. hamatum IMI 188616, and five strains isolated from roots of Q90 

during this project. The objectives of the first stage of the project were 

therefore achieved during the first year. 

Two other useful results were also obtained in the first stage of the 

project: 

(1) A controlled temperature chamber technique was developed for 

rapid year-round testing of pineapple disease control 

treatments. The method has potential for initial screening 

of both chemical and biological treatments against pineapple 

disease. A publication describing the technique is enclosed. 

(2) Conditions were established for zoospore release from the 

advancing margin of fungal invasion in sugarcane roots 

naturally infected by the Oomycete causing the flaccid root 

rot component of PRS. Single zoospore cultures were 

established and shown not to be the root rot fungus, but 

rather non-pathogenic Pythium periilum. In subsequent pot 

tests against the PRS pathogens, P. periilum greatly reduced 

flaccid root rot but did not reduce damage caused by P. 

graminicola. This aspect will be investigated further by Mr. 

B.J. Croft, research pathologist, BSES Tully. 

Stage 2  

The five promising strains isolated from sugarcane roots were 

identified as Bacillus, Enterobacter, Pseudomonas, Bipolaris and Peniciflium 

species. None of these strains showed strong antibiosis against the PRS 

pathogens in vitro. A narrow (ca 1 mm) zone of inhibition against both 

pathogens occurred around colonies of Bacillus 5B11; and P. graminicol was 

similarly inhibited around colonies of Pseudomonas 39B13. 
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Trichoderma hamatum IMI 188616 rapidly overgrew both PRS pathogens in 

culture, although microscopic observations have not clearly demonstrated 

mycoparasitism. 

To determine whether biocontrol by P. fluorescens UQM500, might be due 

to its iron-chelating pigments, a series of synthetic chelators with 

differing affinities for iron were tested for capacity to reduce PRS symptom 

severity when added to naturally PRS-infested soils in pot trails. At 

concentrations up to phytotoxic levels, none of the tested chelators (EDTA, 

CDTA, EDDHA and EGTA) reduced PRS severity. 

All seven strains enhanced early root and shoot growth of Q90 plants 

growing from treated setts planted in steamed Babinda soil indicating that 

part of the growth response to treatment with these strains in biocontrol 

pot trials may be due to sugarcane growth promotion rather than direct 

activity against the sugarcane PRS pathogens. 

None of these potential biocontrol agents significantly reduced levels 

of disease caused by either of the two PRS fungal pathogens artificially 

reintroduced into pasteurised soil in pots. However all strains improved 

fine root growth and all but one improved shoot growth when retested at 

Tully in pot trials with the naturally PRS-infested Babinda soil used for 

the original screening trials in Brisbane. 

The seven microbial strains which provided best control of PRS in pot 

trials were tested for biocontrol of PRS in field trials planted at Babinda 

and Mourilyan in North Queensland during 1985. Inspection of sampled root 

systems as the trials grew showed no marked differences in early development 

of PRS symptoms in treated and untreated plots. Unfortunately, no yield 

data could be obtained from these field trials which were destroyed by 

cyclone "Winifred" in January 1986. 



It was therefore necessary to extend stage 2 field trials into year 3 

of the project. Field trials were again planted at Babinda and Mourilyan in 

August of 1986. By 14 wks after planting, the percent rotten roots in 

samples from Babinda plots treated with three of the potential biocontrol 

strains was halved relative to fungicide treated controls, but these 

differences were not statistically significant. There were no visibly 

obivous growth responses from the biocontrol treatments as the trials 

developed. The Babinda trial could unfortunately not be harvested to 

determine yields because it was badly lodged. At harvest in September 1987, 

no treatment at Mourilyan gave significantly better yield than the fungicide 

treated controls. 

Two field trials were also planted at Babinda and Mourilyan testing a 

mixture of rhizosphere 

for ability to protect 

solarised plots. This 

to cause severe damage 

fumigated or solarised 

treatments of microbes 

isolates from the marginally Pythium-suppressive soil 

plants growing from treated setts planted in 

was undertaken because P. graminicola has been found 

to sugarcane roots after naturally reinfesting 

field plots, possibly due to elimination by these 

which normally suppress activity of the PRS pathogen. 

The combined rhizosphere isolates (including three Trichoderma spp, one 

Bacillus sp and eight unidentified fungi and bacteria) provided no evident 

protection against P. graminicola reinfesting the solarised plots. The 

results suggest that it is the elimination of specific antagonists rather 

than the total reduction in microbial population following soil solarisation 

which allows greater damage from reinfesting P. graminicola. 

Several approaches were tested to determine the basis for the apparent 

biological suppression of PRS by the North Queensland soils described above. 

When tested individually, the predominant rhizosphere microbes isolated from 

these soils did not markedly reduce PRS severity in pot trials. We 

therefore screened for any rhizosphere microbes in these soils which showed 
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antibiosis against the PRS pathogens in vitro, because of the possibility 

that such antibiotic-producing strains even at low population levels may 

exert a large influence on the PRS pathogens around roots. 

A range of isolates including Bacillus, Klebsiella and Pseudomonas 

species were obtained, which inhibited one or both PRS pathogens in vitro. 

However none of these isolates reduced PRS severity in pot trials. 

Pseudomonas cepacia was frequently isolated from the sugarcane rhizosphere 

and strongly inhibited growth of both PRS pathogens in vitro. P. cepacia 

was therefore included as a potential biocontrol agent in replanted stage 2 

field trials described above, but did not reduce PRS severity. 

A publication describing some results to stage 2 is enclosed. 

Stage 3  

As indicated above, destruction of stage 2 field trials by a cyclone in 

January 1986 meant that much of year 3 of the project was necessarily 

occupied with repetition of these trials. However initial investigation of 

two other important areas was also possible during year 3. 

The first was genetic manipulation for biocontrol strain improvement. 

Because P. cepacia demonstrated strong antibiosis against both PRS pathogens 

in vitro, preliminary experiments were undertaken to explore the possibility 

of transfer of genes for biosynthesis of antifungal compounds from P. 

cepacia to other organisms to improve their effectiveness as biocontrols. 

Genomic libraries of partial restriction digests of P. cepacia DNA were 

prepared in a cosmid vector and transfected into Escherichia coli. An assay 

was developed to screen for clones producing antifungal compounds. No E. 

coli clones producing antifungal compounds were obtained, which indicates 

that all genes for antifungal biosynthesis in P. cepacia are not clustered 

on one segment of the chromosome. A strategy has been developed to locate 

and assemble the relevant genes from P. cepacia, and this work is being 

continued by Dr. R.G. Birch at the University of Queensland. 
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The second aspect was use of a hand held infra-red thermometer to 

determine leaf temperature differential (DT = leaf temperature - air 

temperature) as a rapid and non-destructive measure of PRS severity. Under 

glasshouse conditions, plants growing in pasteurised soils were consistently 

found to be 0.3 - 1.5°C cooler than plants growing in PRS infested soil. 

The DT at two weeks was significantly related to the dry weight of shoots 

and roots, fine root rating and percent rotten shoot roots at harvest. The 

difference in DT between inoculated and uninoculated plants was less in 

cultivars resistant to P. graminicola than in susceptible cultivars. A 

similar trend was evident in strip solarised field trials, where restricted 

root systems in untreated plots resulted in elevated canopy temperatures 

when compared with solarised plots for PRS-susceptible varieties, but not 

for resistant varieties. Furthermore, large consistent differences were 

demonstrated in canopy temperature of irrigated and non-irrigated plots. 

Differences between canopy and ambient temperature were generally negative 

in irrigated plots and generally positive in non-irrigated plots under 

moderately dry soil conditions. The results tend to confirm claims that the 

thermometer could be used to schedule irrigation. Canopy temperature was 

found to be a very reliable variety character. Coefficients of variation 

were low (about 3%) and, in non-irrigated plots, differences between 

varieties were large (up to 7°C) and highly significant statistically. 

Variety differences were greater under stress (not irrigated) conditions, 

and this produced highly significant variety x irrigation interactions in 

split plot analyses. The results indicate that thermotelemetry may provide 

a useful indicator of varietal drought resistance or PRS resistance under 

appropriate test conditions. Research into these applications will be 

continued by Mr. B.J. Croft at BSES Tully in collaboration with BSES 

agronomy and plant breeding research staff. 



Recommendations for Further Research and Application to Industry  

Good progress has been made by BSES during the past 3 years with 

research into varietal resistance against PRS, and there are strong 

indications that such resistance could be a major component of an economic 

control strategy. Results of the PRS biocontrol research show that 

organisms antagonistic to the PRS pathogens occur in Queensland soils and 

can reduce disease severity under some conditions. However no isolated 

potential biocontrol strain has approached economic control levels under 

field conditions. Suppressiveness due to a combination of many microbes may 

occur naturally, but would be difficult to exploit for economic control of 

PRS. Unless conspicuous signs of natural disease suppression arise, it is 

not recommended that screening trials for potential biocontrol agents 

against sugarcane PRS be continued. 

Several aspects deserving further research have been mentioned in the 

previous section. These are: (a) Non-pathogenic Pythium periilum isolated 

from sugarcane roots has greatly reduced' flaccid root rot in pot tests and 

should be tested for PRS control in a field trial. P. periilum did not 

appear to reduce damage due to P. graminicola in pot tests, but it would be 

worthwhile to check whether P. periilum can protect sugarcane roots from the 

severe damage otherwise caused by P. graminicola reinfesting solarised or 

fumigated field plots. There may be potential here for development of a 

integrated control strategy coupled with cultivars of intermediate PRS 

resistance. Mr. B.J. Croft of BSES Tully could best lead this research. 

(b) Genetics of production of antifungal compounds by Pseudomonas cepacia 

should be investigated with a view to transferring this character to other 

organisms for biocontrol strain improvement. This research is being 

undertaken by Dr. R.G. Birch at the University of Queensland Botany 

Department. Recent results indicate that this approach has the potential to 

benefit a range of Australian agricultural industries including sugar. 



c) Thermotelemetry should be further investigated for irrigation scheduling 

and as a rapid non-destructive indicator of varietal water stress tolerance 

and plant root health in sugarcane. The results are also likely to be 

relevant to Australian field crops other than sugarcane. BSES pathology, 

agronomy and plant breeding research staff in North Queensland are well 

placed to continue investigation of this aspect. 

Some techniques developed during PRS biocontrol research should also 

continue to be applied in research by Mr. R.C. Magarey and Mr. B.J. Croft of 

BSES aimed to reveal some of the agriculturally important biological 

phenomena around sugarcane roots. It would be particularly useful to obtain 

a non-pathogenic rhizosphere bacterium with the capacity to reliably and 

extensively colonise sugarcane roots from inoculated planting material under 

a wide range of growing conditions. Such a bacterium will be of tremendous 

practical value in the near future as a vector for cloned genes imparting 

agriculturally important characteristics such as biosynthesis of safe 

insecticides or fungicides or degradatioh of toxic compounds at the root 

surface. 

Thus the sugarcane PRS biocontrol project has not provided an instant 

economic cure for sugarcane poor root syndrome. It has resulted in a number 

of important findings which warrant further development as they have the 

potential for substantial economic benefits to the sugar industry, and in 

some cases also to other Australian agricultural industries. 
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