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Foreword 

Utilisation of Australia’s rich floral resources has been a key impetus for development of new rural 

industries. Australia currently has a small, underdeveloped industry based on production and 

extraction of Centipeda cunninghamii, an endemic traditional medicinal plant. There is increasing 

national and international interest in high-quality C. cunninghamii extracts. This publication reports 

investigations on agronomic, harvest and postharvest issues which would assist in the development of 

a viable Australian Centipeda industry.  

This research aims to benefit current and potential farmers with experience in medicinal plant 

production and/or organic production as well as agricultural, medicinal plant, nutraceutical and 

cosmeceutical industry consultants. 

Our key findings are that, at least at east Gippsland, there are two superior selections with regard to 

yield and quality of bioactive compounds, that optimal plant density is 10-15 plants/metre, that yield 

of total dry matter and bioactive compounds is superior when two harvests are conducted 

approximately 1-2 months apart, and that protocols have been developed to optimise extractions for 

yield and quality. In addition, we recorded few pests and diseases, although both plant hoppers and 

chrysanthemum rust have potential to be more important in future cropping systems. Centipeda did 

not display significant potential for weediness. 

This project was funded from AgriFutures Australia Core Funds which are provided by the Australian 

Government.  

This report is an addition to AgriFutures Australia’s diverse range of research publications and it 

forms part of our Emerging Industries arena, which aims to identify and support the development of 

new rural industries that can meet changing demand and make an economic contribution to Australia. 

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 

purchasing online at www.agrifutures.com.au.  

John Harvey 

Managing Director 

AgriFutures Australia 

http://www.rirdc.gov.au/
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Executive Summary 

What the report is about 

 This report summarises results from field and laboratory investigations on the Australian 

medicinal plant, Centipeda cunninghamii. It aims to provide useful data to assist the 

development of a C. cunninghamii industry in Australia. 

 

Who is the report targeted at? 

 The report is primarily targeted at current and potential farmers with experience in medicinal 

plant production and/or organic production. The information will also be useful for agricultural, 

medicinal plant, nutraceutical and cosmeceutical industry consultants. 

 

Where are the relevant industries located in Australia?  

 While the majority of the field investigations were conducted in east Gippsland, Victoria, the 

results have implications for the production of C. cunninghamii in other regions of Victoria, 

and possibly for other parts of southern Australia. 

 

Background 

Centipeda cunninghamii, commonly known as Old Man Weed, is an endemic Australian 

traditional medicinal plant with over 150 years of documented use. Its extracts have been patented for 

use in a range of cosmetic applications, including skin care, deodorants, exfoliation, and as a general 

anti-inflammatory and anti-oxidant in nutraceuticals and cosmeceuticals. Recently, its phytochemistry 

and bioactivity have been elucidated, enabling high quality extracts to be produced. Although 

originally wild-harvested, a fledgling industry had developed, but many aspects of C. cunninghamii 

production had not been evaluated on a scientific and systematic basis.  

Aims/objectives 

Our work aimed to 

 1. Evaluate phenotypes of C. cunninghamii for suitability 

 2. Identify key pests and diseases, with a view to their management in C. cunninghamii 

production 

 3. Investigate agronomic practices (particularly fertilizer use and irrigation) to maximise yield  

 4. Determine optimal harvest time to maximise yield and levels of bioactive compounds 
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Methods used  

Replicated field trials were conducted, mainly in east Gippsland, with collaborating growers, over 

three growing seasons, to develop protocols to maximise biomass production and phytochemical 

quality. In addition, a series of replicated potted plant trials were undertaken to investigate a number 

of parameters in more detail. Parameters investigated were plant phenotype, plant density, fertiliser 

and water regimes, and pest and disease incidence. Harvest and post-harvest procedures were also 

investigated, particularly time and frequency of harvest, drying regime, storage and extraction 

conditions. Plant material was dried, sampled, extracted and analysed for key chemical constituents 

associated with its bioactivity.  

Results/key findings 

Our key findings are that, at least at east Gippsland, there were two superior selections, with one 

phenotype appearing to be superior with regard to yield of dry matter and bioactive compounds. These 

two selections need to be evaluated in other locations. The optimal planting density is 10-15 

plants/metre, to maximise yield of dry matter. Liming soil prior to planting was demonstrated to be 

detrimental, and the addition of potassium fertiliser negatively impacted on dry matter yield. There is 

evidence that yield of total dry matter and, thus, bioactive compounds can be superior when two 

harvests are conducted approximately 1-2 months apart. From both pot trials and field observations, it 

is clear that Centipeda requires regular irrigation, as frequently as twice weekly, to optimise its 

growth and production, and more frequently in hot weather. Reduced water availability at flowering 

significantly lowered yield of dry matter yield and bioactive compounds. We also developed processes 

to optimise extraction of the bioactive compounds. In addition, we recorded few pests and diseases, 

although both plant hoppers and chrysanthemum rust have potential to be more important in future 

cropping systems. Centipeda did not display significant potential for weediness. 

Implications for relevant stakeholders for: 

Our findings have provided opportunities for other interested growers to trial Centipeda production, 

using identified superior plant material and information on current best practice for its production. 

The findings have also provided the industry partner with opportunities for better ensuring supply of 

quality plant material from which to obtain commercial extracts which meet their specifications.  

Recommendations 

While the trials were conducted with growers in Gippsland, the suitability of the current selections 

(phenotypes) to other regions of southern Australia is unclear. It is therefore recommended that: 

 the two superior selections of Centipeda identified from field and pot trials be evaluated more 

widely for yield and level of bioactive compounds, especially in other locations in Victoria. 
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  Other selections of C. cunninghamii be sourced from its wide distribution and evaluated both 

in central-south Victoria and other locations. 

 Current and new selections should be screened for their resistance/tolerance to 

chrysanthemum white rust and other future identified pests and diseases. 

 Further investigations be conducted into manipulating flowering synchrony, to optimise time 

of harvest and thus to maximum yield of bioactive compounds, particularly the flavonoids.  
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Introduction     

Background to the project 

Centipeda cunninghamii (DC.) A. Braun & Asch. (Asteraceae) is an endemic Australian traditional 

medicinal plant with over 150 years of documented use. C. cunninghamii is a short-term perennial 

herb, normally erect or ascending, but with prostrate forms, and approximately 20 cm high. It is 

commonly known as Old Man Weed, and is less commonly referred to as Common Sneezeweed or 

Scent Weed. It is identified by its uniquely shaped leaves and its pungent scent. It grows naturally on 

the edges of waterways and billabongs, and damp areas subject to flooding, on a range of soil types. It 

is widely distributed, and occurs in all states of Australia (Figure 1), although is more common in 

South-eastern Australia. It is, however, susceptible to habitat loss and modification through wetland 

drainage, conversion to agricultural uses and stock access.  

 

 

Figure 1. Distribution of C. cunninghamii in Australia (Source: 

http://avh.ala.org.au/occurrences/search?taxa=centipeda+cunninghamii#mapView) 
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The genus Centipeda has been reviewed by Walsh (2001) and now comprises 12 taxa (Table 1), such 

that early medicinal use references to C. minima and C. cunninghamii in Australia, should now 

encompass C. thespidiodes, C. craterformis, C. pleiocaphala and C. minima subsp. macrocephala . 

Table 1. Natural distribution of species in the genus Centipeda 

Species  Aust NZ PNG S.E. Asia S. 

America 

C. cunninghamii  + +    

C. aotearana   +    

C. borealis +  +   

C. racemosa  +     

C. minima subsp. macrocephala  +     

C. minima subsp. minima  + + + +  

C. thespidioides  +     

C. crateriformis subsp. crateriformis  +     

C. compacta  +     

C. elantoides  + +   + 

C. nidiformis  +     

C. pleiocaphala  +     

 

Traditional medicinal uses of C. cunninghamii have included external treatment of skin conditions 

such as psoriasis, eczema, acne, and cuts and abrasions, and hair loss. It has also been used as a tea for 

gastro-intestinal disorders. More recently, its extracts have been patented for use in a range of 

cosmetic applications, including skin care, deodorants, exfoliation, and as a general anti-inflammatory 

and anti-oxidant in nutraceuticals and cosmeceuticals. There are numerous products purporting to 

contain C. cunninghamii or its extract, or making claims for its benefits. A Google search on 

Centipeda cunninghamii recorded 16,000 “hits”, mostly relating to products and marketing claims. 
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Since there is no organised industry for C. cunninghamii production or its extracts, it is unclear as to 

the source and quality of the plant material or extract.    

There have been 34 refereed publications on Centipeda spp. since 1973. A recent taxonomic review 

by Walsh in 2001 reports 10 taxa and 12 species in this genus. There are six patents that cite C. 

cunninghammii: the three most relevant are Leach, D. Stevenson, L., Gabriel, B., Beattie, K. 

Biologically Active Compounds World Patent WO2007062468. BioActives Export Ltd, Melbourne, 

Australia (2006); Close, G.A. Centipeda Plant Extract. US Patent US2002044977. 18 April, 2002; 

D’Amelio, F.S. and Mirhom, Y.S. Therapeutic Composition for Treating Skin Using Centipeda 

cunninghamii Extract. World Patent WO9838971, Sept 11, 1998. There are three books citing C. 

cunninghamii as a medicinal plant, authored by Webb (1948), Maiden (1975) and Lassak & McCarthy 

(2001). Apart from a paper by Pinhey & Southwell (1971) and that reported in the above-mentioned 

patents, little has been published on the chemistry of this species. There are three publications on C. 

cunninghamii associated with pasture/livestock grazing (Blanch et al. 2000; Crossle et al. 2002; Nicol 

et al. 2007), but none on agronomy of any Centipeda species. The majority of publications (26) relate 

to the Asian species C. minima and to patents (13), primarily on phytochemistry and bioactivity. 

There are no references to potential weediness of C. cunninghamii but several publications refer to 

possible weediness of C. minima in rice fields (Ahmed et al. 1984; Oka 1984; Ikeda et al. 2012). 

It has only been recently that research in Australia has made significant advances in understanding the 

phytochemistry and bioactivity of C. cunninghamii, particularly at the molecular level. In 

collaboration with SCU (Prof. David Leach, Co-investigator in this project, and his laboratory), 

Bioactives Export Pty Ltd (BAX) investigated the novel chemistry of the extract that underpins its 

biological activity, specifically antioxidant and anti-inflammatory activity (Beattie 2009). This led to 

the identification of key active compounds that can be used for quality assurance for future 

production.  

Prior to 1996, C. cunninghamii was wild-harvested. However, since that time, a fledgling industry has 

developed, mainly based in Central and Eastern Victoria, which is cultivating this species and 

supplying to industry, particularly the project industry partner, BAX. The growers have acquired 

experience in production, but many of the developments in production to date have not been 

conducted on a fully scientific and systematic basis. There are a number of field-collected phenotypes 

of C. cunninghamii, but their agronomic and bioactive status has not been fully explored. In addition, 

while draft drying protocols have been developed (based on drying time and prevention of mould 

development), it has not considered optimising yield or quality of the resultant extract.  

This project therefore aimed to tackle the identified key agronomic, harvest and postharvest issues 

that would assist in the development of a viable Australian industry.  
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Objectives    

Objectives of the project were to: 

1. Evaluate the three currently selected and grown phenotypes of C. cunninghamii, to determine which 

is superior, based on agronomic and chemical characteristics, with a view to its adoption as the 

industry standard.   

 

2. Identify key pests and diseases, with a view to their management.   

 

3. Investigate current agronomic practices (particularly fertilizer use and irrigation) to maximise yield.   

 

4. Determine optimal harvest time to maximise yield and phytochemical quality. 
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Methodology     

Chemistry 

Extraction and Analysis 

Freshly harvested whole plants were placed in calico bags, weighed (wet weight) and dried at 36oC to 

<10% moisture over a period of 2-5 days. Whole herb was stored in wool bale bags for transport to 

the laboratory for analysis. For full detail of the extraction and analytical procedures, refer to 

Appendices A, B and C. 

In brief, the dried herb was processed as follows: 

1. Ground to <5mm (Figure 2) 

2. A 20 g sample was extracted with 50% aqueous ethanol (200mL) for 24 hours  

3. The resulting sample was then filtered through 0.45 μm   

4. Sample aliquots were taken for HPLC profiling and Total Dissolved Solids (TDS) analysis. 

 

Figure 2. Grinding equipment and milled herb used for extraction 

 

The total dissolved solids (TDS) were determined by taking an aliquot of the extract and bringing it to 

complete dryness. The mass of the residue was then expressed as the TDS weight/volume %. 
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A second aliquot was subjected to detailed high performance liquid chromatography (HPLC) analysis 

(Figure 3) to produce a unique fingerprint profile where each peak represented at least one chemical 

constituent in the extract. Figure 4 presents is a set of comparative HPLC profiles at selected 

wavelengths for the major classes of compounds in extracts obtained from C. cunninghamii. See 

Appendix D for more details.  

 

Figure 3. Automated HPLC system at SCU used for analysis of C. cunninghamii 
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Figure 4. Stacked HPLC Profiles of C. cunninghamii extracts highlighting sequiterpenes , 

flavonoids and phenolics 

 

Plant sources 

The botanical description of C. cunninghamii from the PlantNET is:  

Erect or ascending perennial herb, glabrous or rarely woolly, c. 20 cm high; stems much-

branched. Leaves oblong to ± spathulate, c. 15 mm long and 3–4 mm wide; margins shallowly 

toothed or subentire; narrowed to base but petiole indistinct. Heads sessile, usually solitary, ± 

globose to biconvex, 4–8 mm diam.; involucral bracts ± obovate, 2–3 mm long, apex obtuse, 

minutely toothed. Female florets usually 6–8-seriate. Bisexual florets 10–30. Achenes clavate, 

c. 2 mm long, apex rounded and glabrous above ribs. (http://plantnet.rbgsyd.nsw.gov.au/cgi-

bin/NSWfl.pl?page=nswfl&lvl=sp&name=Centipeda~cunninghamii) 

There were five phenotypes of C. cunninhghamii available for field evaluation in the project. These 

had been collected throughout central Victoria by Graeme Close (BAX) and colleagues over a ten 

year period. These provenances had different phenotypic characteristics, largely based on their habit, 

leaf and inflorescence morphology. 

A. The most frequently grown phenotype commercially, which originated from two selections 

(referred to as A and B) and had been allowed to openly cross-pollinate in the field for approximately 

8-9 seasons. It has an erect habit, medium sized leaves, and numerous small (ca. 5-6 mm diam.) 

inflorescences (Figure 5A). 
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N(agambie). A recent selection from Nagambie (36.783° S, 145.167° E). Erect habit, medium sized 

leaves, fewer but larger inflorescences (ca. 8-10 mm) (Figure 5B). 

F(at). A phenotype with erect habit, wide leaves, and similar but probably fewer inflorescences than 

A. 

P(rostrate). A phenotype with more prostrate habit. Medium sized leaves, and inflorescence size 

between A and N (ca. 6-8 mm) (Figure 5C).  

T(hin). A phenotype with erect habit, narrow leaves, and similar inflorescences to F. 

 

 

 

A. Phenotype A 
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B. Phenotype N 
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C. Phenotype P 

Figure 5. The three C. cunninghamii phenotypes selected for continued evaluation after Year 1 

assessments 

Seed of these types (except for A/B) had been harvested from plants which had been in isolation from 

other phenotypes. Dry inflorescences were removed from plants, and the seed obtained from them, 

then labelled and stored in sealed containers in a dry, cool location for the following season. At the 

commencement of the project, seed of all five phenotypes were available, although there was less seed 

for F and T as they were considered by the grower to be commercially inferior.  

Seed was germinated in seedling trays in a seed-raising mix, and pricked out individually into tubes in 

year 1. In year 2 and 3, they were raised directly, normally in 60 cell speedling trays, and thinned out 

to single plants. Plants were transplanted when they had well developed root systems, and were 

approximately 5-7 cm high; they were approximately four months old at this stage.  

 



 

11 

Year 1 

Field Trials  

Three field trial sites were selected on the east Gippsland property of Centipeda growers Chris and 

Linda Wright at Nowa Nowa, Victoria (37.717° S, 148.100° E) with different soil types viz.: (i) clay 

soil, (ii) sandy soil with a clay under-layer, (iii) sandy soil with previously poor Centipeda yield; were 

selected. The sites also were expected to have different microclimates. Prior to the trials, the sites had 

been under pasture (predominantly kikiyu, Pennisetum clandestinum) which was incorporated to the 

soil via several passes with a rotary hoe. An application of pelleted poultry manure (300 g m-2) and 

blood and bone (100 g m-2) was incorporated into the soil at each site. Rows 0.3 m high and 1.0 m 

wide and (generally) 4 m long were set up in the sites, with two lines of t-tape irrigation placed under 

black plastic mulch. There were duplicate rows: one of which was limed at a rate of 1.5 tonnes ha-1 on 

10 September 2010, and the other was not limed. All three sites were fenced to prevent access by 

stock or other fauna. Soil samples were taken for all three sites, and in the case of the lime trial plots, 

was also assessed following harvest. Soil analyses for Year 1 sites are presented in Appendix E. 

Seedlings for the field and pot trials were produced in speedling trays, and all seeds were planted into 

the trays in June 2010. The trays were then placed in a polyhouse, and provided with regular and 

frequent irrigation. Three phenotypes, namely A (standard, based on several previous years’ 

production), P (previously identified prostrate form) and N (selection from Nagambie, central 

Victoria) were selected for the AgriFutures Australia trial, and 2 m of row (i.e. 20 plants in total or 10 

plants/ metre of row) were planted at each of the three sites. The trial was set out as a Randomised 

Complete Block Design, with each site (block) having a different randomised treatment set-up and 

four replicate 2 m long plots. Identical rows at each site were duplicated, to include the limed and 

non-limed treatments.  

Speedlings were transplanted at all sites on 14 October 2010. One metre of each of the plots was 

scheduled to be harvested at peak flowering, with the other metre of row to be harvested 

approximately two weeks later (to simulate a two week delay in harvest). In addition, two other 

Centipeda phenotypes were included in the field trial area; namely phenotypes F (broad leaf type) and 

T (narrow leaf type). Because of limited availability of seed for these phenotypes, only 1 m of row 

was planted at each site, and plants were harvested at the first harvest time only.  

Data loggers (Tinytag Plus 2, Hastings Data Loggers, Port Macquarie NSW) were placed in Stevenson 

screens at a height of 1.5 m at each site; and at Site 2, a second data logger had a soil temperature 

probe set at 10 cm depth. Logging was set to 30 min intervals. Yellow and blue sticky traps (Bugs for 

Bugs, Mundubbera, Qld.) were also placed at each site, and replaced approximately monthly, 

depending on their condition, then labelled and retained for insect identification. Images of the site(s) 
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in Year 1 are presented in Figure 6. In addition, soil samples were taken at the commencement of the 

trial, prior to liming, and at the end of the trial from the limed rows. 



 

13 

  

 

 

A. Field trial, Nowa Nowa, immediately following transplanting, Year 1 
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B. Field trial, Nowa Nowa, mid-way in trial, Year 1. Note Stevenson screen. 
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C. Field trial Nowa Nowa, harvest Year 1 
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D. Electric dryer, at Snowy River Seed Co-Operative, Orbost, used for drying Centipeda samples 

Years 2 and 3  

Figure 6. Field trials in Year 1, Nowa Nowa 
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The first harvest occurred on 14 January 2011 and the second harvest occurred on 8 February 2011. 

Harvest was later than in years prior to the commencement of the current trial (as reported by the 

farmer) and appeared to be due to a combination of a cold winter (delaying development of seedlings, 

and therefore transplanting) and subsequent unseasonably cool and cloudy conditions in spring-early 

summer.  

At harvest, entire plants were harvested, adhering soil on the roots was removed, then the plants were 

placed in large calico bags, tagged and weighed (wet weight). All bags were then taken to the nearby 

Snowy River Co-Operative, Orbost, on the day of harvest for drying. A gas-fired seed drier was set for 

a maximum temperature of 36° C. A sample of the bags was removed from the drier and re-weighed at 

regular intervals over a four day period to determine the point of constant weight. Once constant 

weight had been reached, the weight (viz., oven-dry weight) for all plant samples was determined and 

recorded, then the bags were cling-wrapped on pallets and sent to Southern Cross University (SCU) 

Centre for Pharmacology and Phytochemistry for extraction and analysis. Plant oven-dry weights were 

recalculated to account for the weight of the bags.  

Pot Trials  

A series of pot trials was conducted at the nursery of project collaborating nurseryman/farmer, Neville 

Medhurst, Toorloo Arm, Victoria (37.830° S, 148.031° E). 

(i) Phenotype trial: Eight single plant replicates of three phenotypes: A, P, and N were transplanted 

on October 14, 2010 into 30 cm diameter, 14.5 L capacity pots containing 13 L of soil-less potting 

mix (adjusted from pH 6.5 to pH 7.5 with lime) and complete controlled-release fertiliser (Osmocote® 

8-9 months 16N:4.8P:K8.3 plus 1.2Mg plus TE applied 5.75kg m-3, the maximum recommended rate). 

Irrigation under normal growing conditions was 30 min overhead sprinkler at 04.00 daily. In hot 

conditions, a second overhead watering was applied at 15.00-16.00 for 15-30 min, as required. Under 

exceptional conditions (>40° C), water was applied all afternoon. Bore water at pH 7.6 containing 120 

ppm dissolved salts was used throughout the trial. The pots were arranged as randomised complete 

blocks, with eight replicates per treatment, and plants were maintained in the nursery standing ground 

until they were harvested on 14 January 2011. Only aerial parts of the plants were harvested, and each 

harvested plant was weighed, placed separately in a tagged paper bag, and dried as described above 

for field trial plants. The roots and plant crowns were retained in the pots, for future identification and 

selection, in the event of superior plants being identified (Figure 7). 
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Figure 7. Harvesting part of phenotype pot trial, Toorloo Arm, Year 1 

 

(ii) Nutrition trial. In this trial, we assessed the effect of high potassium on plant yield and yield of 

actives. Only plants from phenotype A were used, and they were transplanted at the same time as 

other pot trials. Treatments were (a) normal/previous fertilizer regime, as described in the phenotype 

and irrigation pot trials (control) and (b) High K, addition of Osmocote 5-6 month formulation 

0N:0P:42K at the maximum recommended rate of 3 kg m-3 mix was added. There were eight 

replicates per treatment. Pots were arranged as randomised complete blocks and plants were 

maintained until they were harvested on 14 January 2011. Whole plants were harvested on 14 January 

2011, weighed and placed separately in a tagged paper bags, and dried as described for the other 

harvested plants.  

(iii) Irrigation trial. This trial assessed whether the restriction of water in the two weeks prior to 

harvest influenced plant yield, and most particularly, levels of bioactives. Twenty plants of phenotype 

A were transplanted singly into pots, as described above for the phenotype pot trials, and placed under 
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the normal irrigation regime (as described above). At flower bud development, and approximately two 

weeks before harvest, the 16 most uniform plants were selected for the trial. Eight plants were 

randomly allocated to either the “normal irrigation” treatment or “restricted irrigation” treatment, then 

labelled. Normal irrigation plants remained in their original location, while the restricted irrigation 

plants were relocated, and subjected to half the irrigation of the normal plants (for details, see the 

phenotype trial above) at commencement of flowering. Plants were harvested, weighed, tagged, and 

dried as previously described.  

A data logger was set up at the nursery site, as described for the field sites.  

Analysis of data  

Data were analysed using the general linear model of analysis of variance (ANOVA) (IBM SPSS 

Statistics 20). Each variable was visually tested for normality using P-P plot and Levene’s test was 

used for testing the assumption of equality of error variance. When significant differences between 

treatment means were detected (P < 0.05), and equality of variance was met, means were normally 

separated using Duncan’s Multiple Range test: if equality of variance was not met, means were 

separated by the Games-Howell post-hoc test. 

Year 2 

Field Trials  

Three field trial sites were selected for this season, two at the previously used Nowa Nowa Site, and 

the third at Thornton, central Victoria (37.279° S, 145.799° E). The sites also were expected to have 

different soils and microclimates. The Thornton collaborator was nominated by the industry partner, 

BAX, following an expression of interest. The Nowa Nowa sites were treated similarly to the previous 

season, with regard to their general location (near Sites 1 and 2), with similar soil treatment, fertiliser 

application and overall experimental procedures, although care was taken not to compromise the trials 

by ensuring avoidance of previously tested soil/sites. In addition to a replicated phenotype trial, which 

evaluated three phenotypes, A, N and P, a planting density trial was also conducted. In this trial, 

phenotype P was trialled at four planting densities, namely 5, 8, 10 and 15 plants/metre of row 

(approx. 1 m2). To enable provision for the plants in the density trial to spread and root adventitiously 

from the nodes of horizontal stems, black plastic mulch was not used in these trials. At the Thornton 

site, the trial location was in a large terraced garden area, and thus comprised only an unreplicated 

phenotype trial.  

As for Year 1, the major field trial was set out as a randomised block design, with each site having its 

own randomised treatment set-up, and four replicates. Data loggers were placed in Stevenson screens 
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at a height of 1.5 m at each site, and at Site 2, a second logger had a soil temperature probe set at 

10cm depth. Logging was set to 30 minute intervals. Yellow and blue sticky traps were also placed at 

each site, and replaced approximately monthly, labelled and retained for insect identification.  

Seedlings for the field and pot trials were produced in speedling trays, and all seeds were planted into 

the trays in July 2011, then placed in a polyhouse, and provided with regular and frequent irrigation. 

Seeds of phenotype N germinated more slowly than the other two phenotypes, and were subsequently 

delayed in their development. Speedlings were transplanted at the Nowa Nowa site on 13 October 

2011, and were supplied to the Thornton collaborator on 15 October 2012, for transplanting the 

following week. For the phenotype trial at Nowa Nowa, 1 m of each of the rows was harvested at 

early peak flowering, 19 January 2012, and the second metre harvested at late peak flowering, 6 

February 2012. For the density trial, only 1 m of row in the centre of the 2 m long plot (with the 

correct number of plants) was harvested. Plants were harvested, weighed, tagged, and dried as 

previously described for Year 1, then sent to SCU for extract and analysis. 

Pot Trials  

(i) Phenotype trial. A further series of pot trials were conducted on the nursery at Toorloo Arm. A 

phenotype trial, eight single plant replicates of the three phenotypes: A, P, and N were transplanted on 

12 October 14, 2011, using the methodology previously described for Year 1.  

(ii) Nutrition trial. As the Year 1 high potassium treatment was shown to be detrimental (see results 

below), we trialled a medium K treatment (67% of the high K; viz. addition of Osmocote 5-6 month 

formulation 0N:0P:42K at 2 kg m-3 mix). In addition, we conducted an added phosphorus fertiliser 

trial. These trials were set up as randomised complete blocks, and maintained as previously described 

for Year 1.  

Deficit irrigation trial  

The Year 1 irrigation deficit trial was compromised by extremely hot weather just prior to harvest, so 

this trial was repeated, using the same methodology. 

A data logger and yellow and blue sticky traps were set up at the nursery site, as previously described.  

 

Year 3 

Field Trials 
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Four field trial sites and a small demonstration site were selected for this season, two at the previously 

used Nowa Nowa Site, one at Toorloo Arm (Neville Medhurst), and one at Red Hill, Mornington 

Peninsula (38.407° S, 145.024° E).  

At all four sites, a replicated phenotype trial, which evaluated the three phenotypes A, N and P, was 

conducted, using the same methodologies as described for Years 1 and 2. In addition, at one of the 

Nowa Nowa sites (Site 1) another planting density trial was also conducted. However, different to the 

Year 2 trial, only the two most successful planting densities, viz., 10 and 15 plants m-2 were evaluated.  

Seedlings for the field and pot trials were produced in speedling trays, and all seeds were planted into 

the trays in May 2011, then placed in a polyhouse, and provided with regular and frequent irrigation. 

This earlier planting was undertaken to ensure seeds of phenotype N germinated in sufficient time to 

produce strong seedlings for transplanting. Speedlings were transplanted at the Nowa Nowa site on 11 

October 2012, at the Toorloo Arm site on 12 October, 2012 and were supplied to the Red Hill 

collaborator on 13 October 2012, for transplanting in a further two weeks.  

For the phenotype trials Nowa Nowa and Toorloo Arm, plants were harvested on 10 and 11 January 

2013, respectively. For Red Hill, plants were harvested on 16 January 2013. Plants were harvested, 

weighed, tagged, and dried as described for previous years, then sent to either SCU or UWS for 

extract and analysis (see information on Year 3 analyses below). 

A further (unreplicated) demonstration site was set up at Bairnsdale (37.833° S, 147.617° E) for 

organic production. Rows 2 m (l) × 1 m (w) of the three phenotypes A, N and P were transplanted in 

early November 2012 at a density of 10 plants /metre row, and 1 m was harvested from each plot on 

18 February 2013. The plants were subjected to the normal grower practice for organic vegetable 

production, including planting into soil previously treated with poultry manure and rock phosphate, 

and the use of natural pyrethrum for insect pests, such as plant hoppers. 

Single vs multiple harvest  

A strategy for maximising dry matter yield by harvesting the same plants twice, in early flowering and 

at peak second flowering, was trialled this season. This strategy was based on out previous 

observations that flowering commonly occurred over a three month period, and selecting a single 

optimal harvest time was difficult, even for experienced farmers. This concept was supported by a 

report that a closely related species, C. minima, reproduced within 16 weeks following severe clipping 

(Crosslé & Brock 2002). This trial was set up at Site 2, Nowa Nowa with transplanting on the same 

day as the other field trials, using phenotype P planted at the standard density of 10 plants/metre of 

row. Four replicates (blocks) 4 m long comprised each block, with the two treatments (each 
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comprising 2 m of row) single harvest and double harvest randomly allocated to each block. At the 

relevant harvest time, a 1m section was harvested from the middle of each treatment.  

For single harvest, whole plants were removed as previously described, at optimum flowering (the 

same day as other trials with single harvests).  

For double harvest, the first harvest, at early flowering, removed approximately one-half of the plant 

volume. These were removed by cutting with garden shears. First harvest occurred on 22 December 

2012. The second harvest (whole plant removed) was conducted on 18 February 2013, approximately 

seven weeks after the first harvest, and when the regrown plant was in optimum flowering. 

Liquid Blood and Bone Foliar fertiliser  

A foliar treatment of liquid blood and bone fertiliser (Growth B&B®, Growth Agriculture Pty Ltd, 

www.growthag.com.au) was tested at one of the Nowa Nowa sites (Site 1). The selection of this 

treatment was based on the project leaders investigating options for use of foliar applications to 

optimise flowering in ornamental and native plants. In addition to containing low/medium levels of 

nitrogen, phosphorus, potassium, sulphur and calcium, as well as trace elements (see Appendix 2), 

Growth B&B contains growth/flowering stimulants, gibberellins and triacontanol.  

Following detailed discussions with the manufacturer of Growth B&B®, we developed a fertiliser 

programme suitable for trialling with C. cunninghamii, which was based on normal requirements for 

flowering native plants. This involved 10-day frequency applications of a 1:200 dilution sprayed to 

drip point. We also examined plants after the first several foliar fertiliser applications for possible 

signs of phytotoxicity  

All treatments were replicated four times, using phenotype P.  

Data loggers and yellow and blue sticky traps were set up at the sites, as previously described. 

Pot Trials  

(i) Phenotype trial. A further series of pot trials were conducted on the nursery at Toorloo Arm. A 

phenotype trial, comprising ten single plant replicates of the three phenotypes: A, P, and N were 

transplanted on 12 October 2012, using the methodology previously described for Years 1 and 2.  

(ii) Foliar Blood and Bone  

A pot trial, supporting the field Liquid Blood and Bone Foliar fertiliser trial, was conducted. There 

were three treatments: 
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1. Single harvest, no liquid blood and bone  

2. Single harvest, liquid blood and bone 

3 Two harvests, liquid blood and bone  

Phenotype A was used for this pot trial. 

A data logger and yellow and blue sticky traps were set up at the nursery site, as previously described.  

Analysis of harvested samples Year 3 

Following the novation of the project from SCU to UWS in 2011, the Centre for Complementary 

Medicine (CompleMED) at UWS was asked to also participate in the biochemical analysis of trial 

samples. Consequently, the project investigators and the industry partner (BAX) conducted inter-

laboratory comparisons to determine consistency and comparability of data obtained from the two 

laboratories. Once the direct comparability between the two laboratories was confirmed, 

approximately two-thirds of Year 3 samples were sent to SCU (based on all samples from field trials), 

with the remainder (pot trials) sent to UWS, and a number of duplicate samples sent to both 

laboratories.  
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Results      

Year 1 

Field Trials  

Unseasonally cold weather delayed planting, flowering and harvesting, so the two harvests were 

delayed until 14 January and 8 February 2011, respectively.  

There was no site × phenotype interaction (P = 0.758) with respect to yield for the normal (first) 

harvest data from the three Nowa Nowa field sites, so the data were pooled for analysis of variance. 

While there was a trend for higher mean yield (oven dry (OD) weight m-1 row) in phenotypes P and A, 

these differences were not significant (F4,29 = 0.145, P = 0.866) (Table 2). There were no significant 

differences in yield (OD weight) (P = 0.609) between the two harvest times. 

However, with respect to levels of bioactives, there were differences between phenotypes (Table 3). 

Phenotypes P and N had significantly higher levels of sesquiterpenes than did F (F4,29 = 4.4044, P = 

0.012), and P had significantly higher levels of flavonoids than T (F4,29 = 2.096, P = 0.05). There were 

no other differences between phenotypes, including for levels of phenolics (P = 0.710). 

Table 2. Phenotype yield (average 3 sites) oven-dry weight (g) / m row, Field Trial, Year 1 

PHENOTYPE  MEAN OVEN DRY WEIGHT 

(g) (SE) 

A (standard)  671.5                                            

(51.3) 

N(agambie)  635.0                                           

(35.6) 

P(rostrate)  675.3                                             

(49.3) 

T(hin leaf)  577.3                                              

(62.1) 

F(at (thick) leaf)  634.5                                            

(33.9) 

No significant differences recorded between phenotypes
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Table 3. Phenotype effect on levels of bioactives, Field Trial, Year 1 

PHENOTYPE  FLAVONOIDS % 

w/w 

SESQUITERPENES 

% w/w 

PHENOLICS % 

w/w                       

A 0.2268 ab       

(0.0147) 

0.7230 ab           

(0.0775) 

2.1817            

(0.0846)  

N 0.2273 ab         

(0.0119) 

0.8630 b              

(0.0485) 

2.2167             

(0.2033) 

P 0.2568 b         

(0.0168) 

0.8773 b                    

(0.0769) 

2.3487                    

(0.2177) 

T 0.2080 a         

(0.0149) 

0.6733 ab             

(0.0313) 

2.5577                     

(0.2956) 

F 0.2548 b         

(0.0088) 

0.6227 a            

(0.0275) 

2.4335               

(0.2061) 

 Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range Test (P ≤ 0.05) 

 

Liming significantly (F1, 15 = 1.0136, P = 0.025) reduced the yield (OD weight) of phenotype A, but 

did not significantly affect the level of bioactive compounds; flavonoids, sesquiterpenes and 

phenolics, based on % w/w (Table 4).  

 

Table 4. Effect of liming on yield (g OD weight) and levels of bioactives (% w/w), Field Trial 

LIME  O.D. WEIGHT 

(g) 

FLAVONOIDS 

% w/w 

SESQUITERPENES 

% w/w 

PHENOLICS 

% w/w 

ADDED  593.0 a       

(33.8)  

0.2427     

(0.0124) 

0.7801              

(0.0680) 

2.5451   

(0.2872) 

NOT ADDED  684.5 b      

(42.1) 

0.2268        

(0.0146) 

0.7237                       

(0.0416) 

2.2592   

(0.2050) 

Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range Test (P ≤ 0.05))  

 

Pot trials  

Phenotype trial  

The pot trials recorded different data to the field trials with respect to phenotype (Table 5), although 

only three phenotypes (A, N and P) were evaluated. N produced significantly higher yields (almost 

50% more) than phenotype A (F2,21 = 5.834, P =0.011), which was the industry standard. However, 

there was no significant difference in the percentage of either flavonoids or sesquiterpenes (P = 0.155; 
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0.855, respectively), although the phenotype P had significantly higher levels of phenolics than the 

other two phenotypes tested (F2,23 = 3.582, P = 0.037).  

 

Table 5. Effect of phenotype on yield (OD weight) and levels of bioactives, Pot Trials, Year 1 

PHENOTYPE  O.D. WEIGHT 

(g) 

FLAVONOIDS 

% w/w 

SESQUITERPENES

% w/w 

PHENOLICS % 

w/w 

A  129.9 b         

(14.0) 

0.3128  

(0.0202)) 

0.7345                     

(0.0720) 

2.4400 b  

(0.2492) 

N(AGAMBIE)  183.5 a             

(11.2) 

0.2706       

(0.0170) 

0.7049                      

(0.0480) 

2.3819 b  

(0.2030) 

P(ROSTRATE)  160.1 ab                

(7.4)  

0.3065                

(0.0159) 

0.7395                      

(0.0695) 

2.8658 a            

(0.2266) 

Single plant (n= 8) Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05)) 

 

Fertilizer trial 

Higher levels of potassium had a significant (F1,15 = 7.467, P = 0.016), but detrimental effect on yield 

(OD weight), although it did not significantly affect the levels of any of the three bioactives 

flavonoids, sesquiterpenes and phenolics (P = 0.390, 0.100 and 0.159, respectively) (Table 6). 

Variation in yield between treatment replicates was high, as evidenced by the large SE values. 

 

Table 6. Effect of potassium (K) on yield (OD weight) and levels of bioactives, phenotype A, Pot 

Trials, Year 1 

POTASSIUM 

TREATMENT  

O.D. WEIGHT 

(g) (SE) 

FLAVONOIDS 

% w/w (SE) 

SESQUITERPENES 

% w/w (SE) 

PHENOLICS % 

w/w (SE) 

ADDED K  80.0 a                

(6.0) 

0.2213     

(0.0513) 

0.4915              

(0.0865) 

2.3761      

(0.3328) 

NORMAL K  138.0 b              

(18.4) 

0.2414     

(0.0385) 

0.5819              

(0.1167) 

2.5949      

(0.2488) 

Single plant (n= 8). Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05))  
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Irrigation trial. 

Reduction of irrigation frequency just prior to flowering significant (F1,15 = 5.465, P = 0.035) reduced 

yield (OD weight). It also significantly reduced the level of flavonoids (F1,15 = 19.758, P = 0.001), 

sesquiterpenes (F1,15 = 5.224, P = 0.038) and phenolics (F1,15 = 19.266, P = 0.001) (Table 7).   

Table 7. Effect of irrigation frequency on yield (OD weight) and levels of bioactives, phenotype 

A, Pot Trials, Year 1 

IRRIGATION 

TREATMENT 

O.D. WEIGHT 

(g) (SE) 

FLAVONOIDS 

% w/w (SE) 

SESQUITERPENES 

% w/w (SE) 

PHENOLICS % 

w/w (SE) 

NORMAL 

IRRIGATION 

143.1 a                    

(14.4) 

0.2933 a     

(0.0368) 

0.7995 a              

(0.0734) 

3.1033 a      

(0.2955) 

DEFICIT 

IRRIGATION 

117.3 b               

(5.9) 

0.2129 b     

(0.0355) 

0.6215 b              

(0.0746) 

2.278b      

(0.4421) 

Single plant (n= 8). Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05))  

 

Pests and diseases  

No significant pests or diseases were observed in either field or pot trials. While there were a range of 

insects recorded on the chromotrophic sticky traps, most were incidental or beneficial species. The 

only significant potential pest, Rutherglen bug, Nysius vinitor, was observed at one site, in quite high 

numbers underneath the plant canopy.  However, there was no evidence of them feeding on flower 

heads (which is their common host tissue), and it was suspected they had moved for protection from 

surrounding vegetation (particularly annual weeds) which were haying off.  

Potential weediness of C. cunninghamii  

We visited previous C. cunninghamii production sites to identify any signs of weediness. Only at one 

field site did we record any volunteer plants. This site was partially waterlogged, and there were very 

few (<5) plants. The only other location where we found occasional volunteer plants was at the 

nursery, in areas where potted flowering C. cunninghamii plants had been kept from the previous 

year, and which had been maintained under a continuous irrigation regime. This suggested that this 

species is unlikely to pose risk as a potential weed. 
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Extraction Optimisation  

One of our key aims was to maximise extraction of the dry plant material, with a view to optimising 

its bioactivity. Consequently, four solvent extracts; 100% aqueous (ambient temperature), 100% 

aqueous (100°C), 50% aqueous ethanol and 100% ethanol were prepared by steeping overnight at 

room temperature. The fresh extracts were analysed by LCMS to determine the chemical composition 

and differences of the extracts (See Figure 9). A steam distilled oil was also prepared and tested.  
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Figure 9. The UV-Vis 210nm profiles of the fresh solvent extracts and the essential oil of C. 

cunninghamii.  

 

The 50% aqueous ethanol extract gave a broader representation of the chemical profile of C. 

cunninghamii rather than the oil or the aqueous extracts. The 50% aqueous ethanol extract also gave a 

much greater yield, 15.0% compared to only a 4.4% yield for the 100% ethanol extract.  

Extracts and the essential oil were tested for their antioxidant (Oxygen Radical Absorbance Capacity - 

ORAC) and anti-inflammatory (inhibition of the inflammatory marker Prostiglandin E2) PGE2 

activity.  

All extracts inhibited PGE2 to some extent, from between 8 to 56% (Table 8). The 50% ethanol 

extract and C. cunninghamii oil inhibited PGE2 production to the greatest extent, from between 46 to 



 

29 

56%. Aspirin was found to inhibit PGE2 production by approximately 45%, and it was found that all 

extracts caused a greater inhibition than aspirin, at least at the highest concentrations.  

All extracts displayed antioxidant activity (Table 8), with the 50% ethanol extract being the most 

active. When expressed as antioxidant activity per gram of plant tissue (sample), the antioxidant 

capacity was also highest for the 50% ethanol extract, indicating that this solvent extracted the 

greatest proportion of antioxidants, per gram of plant tissue.  

Table 8. Antioxidant (ORAC) and Anti-inflammatory Activity of Extracts and Oil. 

 % inhibition of PGE2 Antioxidant Capacity 

 

Extract 

Sample 

Concentration 

(μg/mL) 

Average 

Inhibition (SE) 

 

μmol TE / g 

extract (SE) 

 

μmol TE / g 

sample (SE) 

100 % Ethanol 10 

100 

1000 

22.91 (4.30) 

59.40 (5.88) 

58.41 (3.63) 

1440 (96) 63.8 (4.3) 

50 % Ethanol 10 

100 

1000 

52.36 (13.91) 

60.65 (9.23) 

68.71 (2.44) 

2030 (201) 306.1 (30.3) 

100 % Water 10 

100 

1000 

6.37 (7.97) 

20.82 (8.06) 

84.52 (1.49) 

1277 (20) 199.6 (3.254) 

Boiled Water 10 

100 

1000 

45.54 (1.57) 

12.74 (8.35) 

63.76 (0.69) 

1455 (170) 259.4 (30.3) 

Oil 10 

100 

1000 

69.65 (3.22) 

76.55 (2.73) 

69.71 (5.31) 

1086 (276) 2.3 (0.6) 

Aspirin 18 17.15 (2.36) - - 

BHT 1 μM - 0.0316 (0.0044) - 
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Year 2 

Field Trials 

Phenotype trial 

Table 9 presents data on mean yield (OD weight/metre row) for field sites 1 and 2. There was a 

significant phenotype × site interaction (P < 0.05) and a significant phenotype × harvest interaction 

for yield, so data were analysed separately by one-way ANOVA. Phenotypes N and P produced 

significantly more dry matter than phenotype A at Site 1 in the first harvest time (19 January 2012), 

and at site 2 at both harvest times (19 January and 6 February, 2013).  

Table 10 presents data on the levels of bioactive compounds in the different phenotypes from these 

two field sites. The results show combined data, as there was no phenotype × site interaction for 

flavonoids, sesquiterpenes or phenolics (P = 0.758, 0.362, 0.056, respectively). Consequently, the data 

were subjected to univariate analysis of variance, with phenotype as the fixed factor and site as the 

random factor. There were no significant differences in level of any of the three bioactive compounds 

resulting from phenotype (P = 0.645, 0.491, 0.757, respectively).  

Unfortunately, due to logistical reasons, no useful data was collected from Site 3 (Thornton). 

Effect of planting density on yield 

The results from the plant density trial at Site 1 are presented in Table 11, showing mean yield (OD 

weight/metre row) for plants harvested at 19 January 2012. Planting densities of 10 and 15 

plants/metre had significantly higher (F3,42 = 245.284, P = 0.004) yield than the 5 plants/metre density 

treatment, and 15 plants/metre had significantly higher yield than 8 plants/metre, but the two highest 

density treatments did not differ from each other.  
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Table 9. Mean yield (OD weight (g) m-1 row), with respect to phenotype, Field Trial Year 2 

HARVEST SITE PHENOTYPE MEAN OVEN DRY WT g                    

(SE)  

1 (19/1/12) 1 A 727.8 b                          

(25.3) 

1  1 N 1204.5 a                                    

(29.3) 

1 1 P 1177.0 a                               

(82.2) 

    

1 2 A 891.0 c                                    

(80.4) 

1 2 N 891.5 c                                  

(82.2) 

1 2 P 790.0 c                                    

(96.2) 

    

2 (6/2/12) 1 A 648.5 e                                  

(73.9) 

2  1 N 873.0 d                                    

(56.3) 

2 1 P 789.8 d                                  

(57.2) 

    

2 2 A 356.0 g                           

(44.7) 

2 2 N 559.3 f                                   

(59.8 

2 2 P 506.8 f                                   

(85.2) 

Numbers in columns within each phenotype triplet followed by different letters are significantly different (Duncan’s Multiple Range test (P 

≤ 0.05)) 
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Table 11. Effect of phenotype on levels of bioactives, Field trial, Year 2 

PHENOTYPE  FLAVONOIDS

% w/w 

SESQUITERPENES

% w/w 

PHENOLICS % 

w/w 

A 0.3736    

(0.0191) 

0.7111                

(0.0315) 

2.0701     

(0.0727) 

N 0.3638    

(0.0239) 

0.8075            

(0.0551) 

2.1850     

(0.1721) 

P 0.3534    

(0.2286) 

0.7288            

(0.0747) 

2.1349     

(0.1990) 

No significant differences were detected 

 

Table 12. Mean yield oven-dry weight (g) for different planting densities, Field Trial Year 2 

HARVEST PLANT 

DENSITY 

MEAN OD WT g                    

(SE) 

1 (19/1/12) 5/m 703.8  c                 

(103.0) 

1 8/m 899.0 bc                        

(66.5) 

1 10/m 1030.8 ab                   

(177.4) 

1 15/m 1133.3 a                       

(81.1) 

Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05)) 
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Pot trials  

Data from the Year 2 pot trials are presented in Tables 12 –13. 

There was a significant difference in yield (oven-dry weight) between phenotypes, with phenotype A 

second harvest superior to the other two phenotypes at the first harvest time. However, there were no 

other differences between phenotypes.  

Restricting irrigation at maturity and addition of phosphorus fertiliser were both detrimental to yield, 

and there was also a non-significant trend for addition of potassium to decrease yield.  

Table 12. Effect of phenotype, deficit irrigation, and addition of medium levels of K and P 

fertiliser on yield (mean OD weight) of phenotype A, Pot trials, Year 2  

TRIAL 

FACTOR 

TREATMENT HARVEST 

TIME 

MEAN OD 

WEIGHT (g) (N = 8) 

PHENOTYPE A 1 230.1 ab 

N 1 217.6 b 

P 1 203.4 b 

A 2 279.4 a 

N 2 233.1 ab 

P 2 255.5 ab 

IRRIGATION 

(Phenotype P) 

- WATER 1 157.8 c 

FERTILIZER 

(Phenotype P) 

+ K 1 198.7 b 

+ Low P 1 162.3 c 

Single plant (n= 8) Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05))  
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With regard to the levels of bioactive compounds, there were significant differences between 

phenotypes for % w/w flavonoids (F2,20 = 3.506, P = 0.05), with phenotype P having a higher level 

than phenotype N (Table 13). Phenotype A was not significantly different from the other two 

phenotypes.  

There was also significant difference between phenotypes for % w/w sesquiterpenes (F2,18 = 4.876, P 

= 0.022), with phenotype P having higher levels than phenotype A. Phenotype N was not significantly 

different from the other two phenotypes. There was no significant difference between phenotypes for 

% w/w phenolics (F2,20 = 0.987, P = 0.392). 

Table 13. Effect of phenotype on levels of bioactive compounds; flavonoids, sesquiterpenes and 

phenolics, Pot trial, Year 2 

PHENOTYPE FLAVONOIDS 

% w/w (SE) 

SESQUITERPENES

% w/w (SE) 

PHENOLICS % 

w/w (SE) 

A 0.4271ab 

(0.0154) 

0.7874 b       

(0.02385) 

2.2147     

(0.1037)  

N 0.3964 b 

(0.01193) 

0.9419 ab     

(0.04723) 

2.0466     

(0.0532)  

P 0.4522 a 

(0.01832) 

0.9958 a        

(0.08044) 

2.1630     

(0.1166)  

Single plant (n= 8) Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05))  

 

The results of the added potassium trial are presented in Table 14. The addition of potassium did not 

significantly influence yield (mean dry matter), nor the levels of the bioactive flavonoids, 

sesquiterpenes and phenolics (P = 0.398, 0.742, 0.066, 0.986, respectively).  

 

Table 14. Effect of potassium teatment on level of bioactive compounds, flavonoids, 

sesquiterpenes and phenolics, Pot trial Year 2. 

POTASSIUM 

TREATMENT  

FLAVONOIDS 

% w/w 

SESQUITERPENES 

% w/w 

PHENOLICS % 

w/w 

ADDED K  0.4187              

(0.0197) 

0.9107              

(0.0562) 

2.2179       

(0.1403) 

NORMAL K  0.4271      

(0.0154) 

0.7874            

(0.02385) 

2.2147     

(0.1037)  

Single plant (n= 8). Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05))  
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The results of the low phosphorus trial are presented in Table 15. The addition of phosphorus 

significantly reduced yield (mean dry matter), but did not affect the level of the bioactive flavonoids, 

sesquiterpenes and phenolics (P = 0.667, 0.324, 0.593, respectively)  

Table 15. Effect of phosphorus treatment on yield of bioactive compounds, flavonoids, 

sesquiterpenes and phenolics, Pot trial, Year 2. 

PHOSPHORUS 

TREATMENT  

FLAVONOIDS 

% w/w (SE) 

SESQUITERPENES 

% w/w (SE) 

PHENOLICS % 

w/w (SE) 

ADDED P  0.4146   

(0.02404) 

0.8714             

(0.09141) 

2.3153     

(0.1583) 

NORMAL P  0.4271     

(0.0154) 

0.7874            

(0.02385) 

2.2147     

(0.1037)  

Single plant (n= 8). Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05))  

 

Results of the Year 2 deficit watering trial are presented in Table 16. Deficit watering reduced yield 

(OD weight). It did not significantly affect level of bioactive compounds. Significantly higher mean 

levels of phenolics (F1,13 = 13.230, P = 0.003) were present in the non-water stressed plants, and 

although the higher levels of flavonoids recorded in plants under water deficit approached 

significance (P = 0.051), there was no difference in the level of sesquiterpenes (P = 0.074).  

Table 16. Effect of deficit watering on yield of bioactive compounds, flavonoids, sesquiterpenes 

and phenolics, Pot trial, Year 2 

IRRIGATION 

TREATMENT  

FLAVONOIDS 

% w/w 

SESQUITERPENES 

% w/w 

PHENOLICS % 

w/w 

DEFICIT 

WATERING 

0.3770                      

(0.01722)            

0.8841               

(0.0432) 

1.9529   

(0.01003) ( 

NORMAL 

WATERING 

0.4271    

(0.01537)          

0.7874            

(0.02385) 

2.2147         

(0.1037) 

Single plant (n= 8). Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05)) 

 

Pests and diseases  

While there were a range of insects recorded on the chromotrophic sticky traps, the most common 

were plant hoppers (family Cicadellidae). Their feeding caused zig-zagged chlorotic spots on leaves, 

as a result of damaged mesophyll cells becoming filled with air. Nevertheless, their damage was not 

severe and did not appear to significantly inhibit growth of plants, and was not treated against. No 

other pest or disease was of significance at any of the test sites.  
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Potential weediness of C. cunninghamii  

We visited the previous year’s C. cunninghamii trial sites, and could find no volunteer plants. This 

confirmed our Year 1 observations that this plant is not prone to weediness. 

Year 3  

Field trials 

Phenotype trial 

The three phenotypes A, P and N were trialled this season at four sites; two at Nowa Nowa, one at 

Toorloo Arm and one at Mornington Peninsula. The full data for mean oven dry weight are presented 

in Table 17.  

Initially, analysis of variance was conducted for each site individually. Only at Site 1 did a significant 

difference occur between mean oven dry weights of the phenotypes (F 2,9 = 4.547, P =0.043), where 

phenotype N was superior to phenotype P. There were no other differences between phenotypes at 

Site 1, nor at the other three sites (P = 0.253, 0.290, 0.456, respectively). A subsequent analysis, using 

the univariate analysis of general linear model was conducted on phenotype data combined from all 

four sites, as there was no phenotype × site interaction (F 6,36 = 1.927, P = 0.103). The analysis 

showed that there was no difference in mean oven dry weight between any of the phenotypes (P = 

0.974). 
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Table 17. Mean yield (OD weight (g) m-1 row), with respect to phenotype, Field trial, Year 3 

SITE PHENOTYPE OVEN DRY 

WEIGHT g   

(SE) 

NOWA NOWA 1 

 

A 841.3          

(16.36) 

N 863.0          

(27.35) 

P 764.3               

(27.59) 

NOWA NOWA 2 A 840.5                   

(23.50) 

P 985.0                  

(105.42) 

N 973.8                   

(19.72) 

TOORLOO ARM A 933.88             

(45.69) 

N 962.0                   

(53.67) 

P 1024.9                 

(38.53) 

RED HILL A 997.5                   

(56.77) 

N 777.5                 

(86.35) 

P 795.0                 

(52.36) 

Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05)) 
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Table 18. Effects of interaction between site and phenotype on levels of bioactives 

SITE PHENOTYPE FLAVONOIDS% 

w/w 

SESQUITERPENES% 

w/w 

PHENOLICS% 

w/w 

NOWA 

NOWA 1 

 

A 0.3285               

(0.0119) 

0.9163                

(0.0285) 

3.1353 b             

(0.1167) 

N 0.2823          

(0.0209) 

1.0260                        

(0.0569) 

2.4885 a           

(0.0613) 

P 0.3158          

(0.0208) 

0.9508                         

(0.0451) 

3.2795 b          

(0.1693) 

NOWA 

NOWA 2 

A 0.3565           

(0.0301) 

1.0000 ab                  

(0.0386) 

2.6170            

(0.0753) 

N 0.3360             

(0.0304) 

1.1210 b                       

(0.0185) 

2.4245            

(0.0877) 

P 0.3410            

(0.0308) 

0.9510 a                        

(0.0524) 

3.1188              

(0.2638) 

TOORLOO 

ARM 

A 0.4450            

(0.0321) 

1.2960               

(0.0605) 

3.6290             

(0.3558) 

N 0.3998             

(0.0481) 

1.2150                         

(0.0608) 

3.6690             

(0.1674) 

P 0.3773              

(0.0163) 

1.1878                        

(0.0576) 

4.4400            

(0.1084) 

RED HILL A 0.3548                  

(0.0143) 

1.3845                         

(0.0246) 

2.8940 ab            

(0.1061) 

N 0.3613               

(0.0190) 

1.3908                       

(0.0566) 

2.5335a               

(0.0378) 

P 0.3590                 

(0.0155) 

1.4673                         

(0.0569) 

3.2893 b               

(0.2017) 

 

Planting density trial  

In the density trial, only two planting densities were assessed, namely 10 and 15 plants/metre. Mean 

yield (oven dry weight of 1m harvested row) was significantly higher (F 1,9 =5.771, P = 0.043) in the 

10 plants/metre density treatment than in the 15 plants/metre treatment. There was no significant 

difference between the density treatments with respect to levels of flavonoids (F 1,9 = 0.002, P = 

0.962), sequiterpenes (F 1,9 = 3.373, P = 0.104) and phenolics (F 1,9 = 0.057, P = 0.043). 
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Single vs multiple harvest  

In the multiple harvest treatment, while the mean yield of the first (earlier) harvest was approximately 

two-thirds that of the second (final) harvest, their combined yield was significantly higher than for a 

single harvest, with an increased yield of approximately 66% (Table 19 ). There was a trend (non-

significant) towards higher level of phenolics in the second harvest material.   

Table 19. Effect of single vs double harvest on yield and levels of bioactives (Phenotype A)  

HARVEST 

TREATMENT 

O.D. WEIGHT 

(g) 

FLAVONOIDS 

% w/w (SE) 

SESQUITERPENES 

% w/w (SE) 

PHENOLICS % 

w/w 

FIRST 

HARVEST OF 

DOUBLE 

HARVEST 

584.2 0.4282                     

(0.0157)            

0.8620               

(0.0222) 

2.1036       

(0.1387)  

SECOND 

HARVEST OF 

DOUBLE 

HARVEST 

857.4 0.3088     

(0.0127)          

0.8138              

(0.0210) 

4.3110              

(0.2915) 

COMBINED 

FIRST AND 

SECOND 

HARVEST 

(PHENOTYPE 

A) 

1441.6 a    

(93.93) 

 

SINGLE 

HARVEST 

(PHENOTYPE 

A) 

866.4 b                  

(42.66) 

 

Liquid Blood and Bone Foliar fertiliser  

The application of blood and bone foliar fertiliser did not significantly influence yield (F1,9 = 1.264, P 

= 0.294), or the levels of the bioactive compounds: flavonoids (P = 0.952), sesquiterpenes (P = 0.870) 

and phenolics (P = 0.886) (Table 20). 
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Table 20. Effect of blood and bone fertiliser on yield and levels of bioactives (Phenotype P)  

BLOOD AND 

BONE 

FERTILISER 

O.D. WEIGHT 

(g) 

FLAVONOIDS 

% w/w 

SESQUITERPENES 

% w/w 

PHENOLICS % 

w/w 

+ 826.4              

(43.45) 

0.2936                   

(0.0177) 

1.0286               

(0.0147) 

3.1334     

(0.1872) ( 

- 930.0              

(81.28) 

0.2918                  

(0.0227) 

0.9644              

(0.0294) 

3.1698              

(0.1473) 

 

Pot trials  

Phenotype trials  

A summary of the results of the phenotype and blood and bone trials is presented in Table 21. There 

was no significant difference in the mean oven dry weight yields between the three phenotypes (F2,29 = 

1.903, P = 0.169). However, there were significant differences between phenotypes with respect to 

levels of flavonoids (F 2,29 = 4.652, P = 0.018), with N being greater than P, sequiterpenes (F 2,29 = 

38.319, P <0.001), with N being superior to both other phenotypes, and polyphenols (F 2,29 = 5.899, P 

= 0.007), with being A superior to the other two phenotypes (Table 22). 

Liquid blood and bone foliar fertiliser 

Summaries of the results of the blood and bone foliar fertiliser trial is presented in Tables 21 and 22 

Addition of liquid blood and bone did not significantly impact on oven dry weight of plants. There 

was no significant difference between the mean weight of plants of Phenotype A, when they were 

treated with additional foliar treatment of liquid blood and bone (F1,19 = 0.004, P= 0.950) (see also 

Table 16). There was no significant difference of blood and bone with respect to levels of flavonoids 

(F 1,19 = 3.942, P = 0.063), sequiterpenes (F 1,19 = 1.004, P = 0.330) and polyphenols(F 1,19 = 1.413, P 

= 0.250). 

Table 21. Effect of phenotype and fertiliser treatments on mean yield (oven dry weight) of 

plants. 

PHENOTYPE LIQUID BLOOD 

AND BONE 

MEAN OVEN 

DRY WEIGHT 

(SE)  

A - 178.1                

(5.21)  
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+ 178.5                

(3.46) 

N n.a. 176.1              

(4.30) 

P n.a. 163.4                      

(3.44) 

No significant differences between any treatments 

Table 22. Effect of phenotype and added blood and bone fertiliser on bioactive compounds, 

flavonoids, sesquiterpenes and phenolics, Pot trials Year 3 

PHENOTYPE FLAVONOIDS 

% w/w 

SESQUITERPENES

% w/w 

PHENOLICS % 

w/w 

A 0.3371 ab 

(0.0173) 

0.9290 b 

(0.0531) 

2.0812 a 

(0.0909) 

N 0.3818 a 

0.0207 

1.7340 a 

(0.0642) 

1.6587 b 

(0.0876) 

P 0.2985 b 

(0.0198) 

0.9991 b 

(0.0929) 

1.7077 b 

(0.1060) 

ADDED BB 

(PHENOTYPE 

A) 

0.3903 a               

(0.0204) 

0.9965 (0.0414) b 1.8547 a 

(0.1675) 

Single plant (n= 8) Numbers in columns followed by different letters are significantly different (Duncan’s Multiple Range test (P ≤ 0.05))  

Pests and diseases  

As with Year 2, plant hoppers were the most commonly recorded insect pests recorded on the 

chromotrophic sticky traps at all four field sites, and their damage was noted at all field sites and the 

pot trial. At Site 1, where the damage was most severe, a single application of spirotetramat 

(Movento®, Bayer CropScience Pty Ltd), a systemic tetramic acid insecticide with Lipid Biosynthesis 

Inhibitor (LBI) action. It was applied as a single spray at the label recommended rate of 30 mL/100 

(for homopterous insects in a number of crops) in the first week of December, which was within the 

recommended withholding period (maximum 7 days) for field crops. The insecticide application was 

highly effective. Within two weeks following its application, the leaf hopper population in the crop 

substantially declined, and damage to new developing foliage ceased.  

At the Nowa Nowa sites, there was a small outbreak of chrysanthemum rust, Puccinia horiana, during 

late November, 2012. This occurred during a prolonged period of cool, damp weather. This is to our 
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knowledge the first time this disease has been officially recorded on Centipeda spp.. The fungicide 

triforine (Saprol®, Sipcam Pacific Pty Ltd) was applied at the label recommended rate (for white rust 

in chrysanthemum) of 150 mL/100L. The level of new infection declined significantly, following the 

single application, and the weather improved. No further applications of the fungicide were required.  

No other pest or disease was of significance at any of the trial sites.  

Field Day  

As key activity of the project in Year 3 was the Field Day. This was held on 24 November, 2012 at 

Lakes Entrance, and at the two field sites (see Appendix 3 for Field Day flyer). Presentations were 

made by Alison Saunders, AgriFutures Australia, explaining AgriFutures Australia’s role in new plant 

research and a brief introduction to the current project, including AgriFutures Australia’s interest in 

involving more farmers. David Leach presented data on the history of Centipeda cunninghamii as a 

medicinal plant, and provided information on its chemistry (bioactives) and potential uses. Robert 

Spooner-Hart presented information on the agronomy of the crop, and reported on the trials conducted 

in the AgriFutures Australia project and the results of the first two seasons, and their implications for 

farmers and the industry partner. Sonja Dymalovski, CEO of BioActives Exports Pty Ltd (BAX), the 

industry partner presented information about the company, the work they had undertaken on 

optimising quality of the extracts, and their R&D in developing products. She also presented some 

information on BAX’s marketing developments (especially new markets), and their interest in 

increasing the number of farmers growing Centipeda, to ensure they can meet their projected market 

demand.  

In the afternoon session, we visited the sites where the pot trials and field trials were being conducted. 

Robert Spooner-Hart described the trials, and the collaborating farmers discussed their experience 

with the crop with other interested farmers (Figure 8). 

The main outcome was that following the Field Day presentations, at least three farmers expressed 

interest in trial planting Centipeda, with a view to seeing how it fitted in with their other practices, 

and also to determine what yield and quality product they would produce, in collaboration with the 

project investigators and BAX. 
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A. Field day participants examining Centipeda pot trials 
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B. Field day participants examining Centipeda field trial site, Nowa Nowa 

Figure 8. Centipeda Field Day at Lakes Entrance and nearby field trial sites 

Market report and estimating costs of production. 

A market report was prepared by the industry partner (see Appendix 4). In the report, BAX forecast 

external orders of a minimum 3 tonnes dry plant material, with a requirement of approximately 9.0 ha 

production of C. cunninghamii by 2015/16, and an estimated return to growers of $5.4M. This was 

based on current returns are just over $20,000/dry tonne for high quality plant material and an average 

commercial crop of 3.9 tonnes dry matter/ha. Based on the field trial data generated in the project, this 

level of production is achievable.  

During the three years of the project, participating growers kept detailed assessments of cost and 

labour associated with production of both field trials and commercial production, to assist in 

estimation of likely costs of production.  

Assuming irrigation and other farm infrastructure (machinery etc.) is in place, we estimate variable 

cost of Centipeda production, based on the farmers’ and our data, together with published costs for 

comparable commercial cropping systems (e.g., land preparation and bed forming, fertilizer, t-tape, 
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mulch (including costs for installation and removal), fuel costs, (including irrigation)), as well as 

labour (including hand planting and harvesting), pest and disease management, and commercial 

drying is around $8,000 p.a. at the farm gate for a single harvest. However, this excludes the cost of 

seedlings, which are currently produced on site by the farmers.  
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Discussion     

The extensive results from field, pot and laboratory trials presented above provide a number of 

answers to the research questions asked as the project objectives, but also pose a number of questions 

for future investigation. 

Phenotype evaluation 

The aim to identify superior phenotypes was substantially realised. From five initial phenotypes, the 

group has been narrowed down to two, with one appearing to be superior. The results from the first 

season field trials showed a non-significant trend for A and P to perform best with regard to dry 

matter yield, especially with respect to phenotype T(hin leaf). Additionally, P and N had significantly 

higher levels of sesquiterpenes than did F, and P had significantly higher levels of flavonoids than T. 

These two chemical groups are the most important of the bioactive compounds in C. cunninghamii, 

and flavonoids have the greatest anti-inflammatory activity. These results also agreed with anecdotal 

evidence from the growers and the industry partner. As a result, both T and F were discontinued.  

N was an interesting phenotype, as it had the largest inflorescence of any of the selections. However, 

it had the lowest germination rate, and its seedlings were slower to develop than the other phenotypes. 

In Year 2, N and P out-performed A in three of the four sites. Additionally, P had higher levels of 

flavonoids than N and higher levels of sesquiterpenes than A. In Year 3, P had the highest yield in 

three of the five sites, but this difference was not significant. Thus, based on the three years of field 

trials, P appears to be the superior phenotype. However, one of the sites where P was not the highest 

ranked phenotype was Mornington Peninsula. This site is approximately 300 km west, and with a 

higher elevation and a cooler climate than Gippsland. As the majority of the field evaluations and all 

the pot trials were conducted in east Gippsland, it is wise at this stage not to draw definitive 

conclusions relating to the superiority or even suitability of any phenotypes for other locations.  

Interestingly, in the pot trial evaluations (with only the three main phenotypes: A, N and P), where 

plants were grown singly and were therefore not subjected to the plant competition they received in 

the field, P and N were superior to A in production of dry matter in Year 1, and P contained 

significantly higher levels of phenolics than the other two selections. However, in Year 2, A produced 

highest dry biomass (although not always significantly so). P contained a significantly higher mean 

level of flavonoids than N and had significantly higher sesquiterpenes than A. In Year 3, there was no 

significant difference in dry biomass between any of the phenotypes. So while the data were 

inconsistent over successive years, P generally appeared to be the superior selection in the pot and 

field trials, at least at east Gippsland. It was somewhat surprising to note that while P had been named 
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because of its “prostrate” growth habit, this characteristic was not strongly evident in the three years 

of field and pot trials. This is pleasing, because a prostrate habit, while possibly beneficial for 

suppression of weed growth, can be disadvantageous through increasing susceptibility to a number of 

fungal diseases, and can also pose particular problems at harvest.  

Planting density 

Planting density was evaluated at Nowa Nowa in Years 2 and 3. In Year 2, five planting densities, 

from 5-15 /square metre were trialled. The two highest densities produced the significantly highest dry 

biomass per metre of row. In Year 3, only these two higher densities were assessed; with ten plants 

per metre superior. An assessment of level of bioactive compounds in the Year 1 trial showed that the 

level of plant competition and/or biomass production did not significantly influence these parameters. 

Thus, a higher dry mass yield from a given area will, thus, result in a higher yield of bioactives. 

Liming 

Liming prior to planting was a common practice used by Centipeda growers, in the belief that this 

plant is endemic to soils with an alkaline pH, such as around Nagambie, central Victoria. The trial site 

soils at Nowa Nowa were acidic, with pH (1:5 Water) varying from 5.3 to 6.6. However, the addition 

of lime at a rate of 1.5 tonnes/hectare significantly reduced yield (OD weight), without any 

compensation in the levels of bioactive components. As the lime was applied approximately one 

month before planting, it is possible that a greater time interval between these two events may not 

produce this result. However, at this stage, there is no evidence that Centipeda benefits from liming 

soil.     

Fertiliser treatments 

With the exception of liming, which was primarily applied for pH modification, all other fertiliser 

investigations were conducted via replicated pot trials. The primary aim of the fertiliser treatments 

was to increase plant development, particularly flowering, as the flavonoids are maximally present in 

the yellow parts of the flowering inflorescence (unpublished data). Increased levels of potassium 

above a base fertiliser in Year 1 pot trials (at a level recommended for pot plants) significantly 

suppressed growth and thus dry biomass production, by more than 50%, with no significant 

compensation in levels of bioactives. There was also no noticeable increase in flowering. In the 

following year, application of a modest level of potassium (half the recommended rate applied the 

previous year) did not improve biomass production or levels of bioactive compounds. It appears that, 

unlike in a number of other crop plants, potassium does not stimulate flowering in Centipeda. This is 

however not surprising, given that it is an endemic species and commonly grows at the edge of 

receding billabongs. 
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A final treatment, liquid blood and bone, was applied as a foliar fertiliser in Year 3, with the dose 

applied the rate recommended for native ornamental plants. There was no difference in biomass 

production resulting from this intervention.  

It is still, therefore, unclear as to what are the optimal fertiliser conditions for C. cunninghamii. 

However, it appears that, based on the pot and field trials, it is not a gross feeder, and is likely to only 

require minimal application of artificial supplementary fertilisers. 

Irrigation and flowering 

As most Centipeda species are associated with marshy areas or billabongs, it was reasonable to expect 

that it has fairly high water requirements. The use of two rows of t-tape under black plastic mulch and 

at least twice-weekly irrigations in the field trials (more frequently in hot weather) was required to 

maintain plant growth and development. However, based on reported benefits of deficit irrigation at 

fruit development in increasing levels of bioactive compounds in certain crops such as grapes and 

olives, as well as considering that natural stands of Centipeda would likely suffer water stress around 

flowering (late spring-summer), deficit irrigation was trialled in pot trials in Years 1 and 2. In year 1, 

the onset of deficit watering coincided with a heatwave (>38° C), and the potted plants suffered severe 

water stress, with associated plant burn and dieback and as a result lower biomass production and 

lower levels of bioactives. In Year 2, when conditions were more suitable to implement deficit 

irrigation, biomass (OD weight) was still significantly lower than for plants subjected to ‘normal’ 

watering, and there were no associated differences in the levels of plant bioactives between 

treatments. On rare occasions when irrigation problems occurred in the field, plants showed visible 

signs of water stress within several days. While the optimal water requirements for Centipeda have 

not yet been determined, it appears that like some other crops, deficit irrigation may be detrimental.  

Interestingly, it was also observed that in sections of the trial sites where waterlogging occurred (such 

as low-lying ends of rows), plants were also stunted and showed symptoms of foliar anthocyanosis. 

Thus, although this species occurs in the vicinity of waterways, it does not appear to like “wet feet”. 

As a result, we recommend that irrigation be regularly applied throughout the crop life up to harvest. 

Also, as a result of our discovery of chrysanthemum white rust in a crop in Year 3, we discourage use 

of overhead irrigation as this provides conditions conducive to establishment and spread of fungal 

diseases.  

The fertiliser and irrigation deficit investigations did not identify a simple agronomic manipulation to 

stimulate flowering in Centipeda. Other options for future investigations include artificial 

manipulation of daylength (such as occurs with flowering chrysanthemums), or hormone treatments. 

However, exploring these options will require more fundamental plant physiology investigations.  
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Optimising harvest time 

It was consistently shown that C. cunninghamii flowers over a long period (at least three months), 

commencing in late spring. Two year-old plants retained in pots (from the phenotype trials) flowered 

much earlier in the season (early spring). The field and pot trials showed that delaying harvest by up 

to one month was probably deleterious, but still produced reasonable yields of biomass. However, if 

the majority of the flowering is completed by this stage, the level of bioactives is likely to be 

substantially lower. There is also some evidence from our work that yield of total dry matter and 

bioactive compounds can be superior when two harvests are conducted approximately 2 months apart. 

In this case, a substantial part of the foliage and flowers are harvested at the early-mid stage of 

flowering, and the regrowth is then harvested once flowing has recommenced. However, any benefits 

of increased yield have to be weighed up against increased labour and drying costs.  

Pests and diseases 

Although Centipeda has been grown for a number of years in east Gippsland, there was no clear 

picture of its possible pests and diseases. From the work conducted in this project, we have identified 

two potential plant protection problems. The first and most widespread are plant hoppers. They were 

present at all sites in all years, although their damage was not a concern except in Year 3 in Nowa 

Nowa. A single application of spirotetramat (Movento®) was efficacious. The use of this product 

without a permit is legal in Victoria, but would not be in any other state. In the event that Centipeda is 

grown more widely, including interstate, there is need to further trial this insecticide and other IPM-

compatible products, with a view to applying for a permit for use, through the APVMA.  

The second potential problem is chrysanthemum white rust. This disease is of concern, because it can 

be transmitted through infected plants from nurseries, from ornamental chrysanthemums in gardens 

etc., and can also reside in plant debris or volunteer plants between seasons. While its management 

with systemic fungicides such as Saprol® is possible, to be effective these need frequent application. 

Thus, one avenue of investigation is screening selections of C. cunninghamii for tolerance/resistance 

to this pathogen, as has been undertaken in ornamental chrysanthemums.   

Implications for relevant stakeholders  

Our findings have generated information to assist other interested growers to trial production of 

Centipeda. The identification of superior plant material, and the agronomic practices to optimise 

production of dry matter with consistently high levels of bioactives required for industry provide 

prospective growers with greater confidence of success. However, as the work was conducted in a 

limited number of locations, it is recommended potential growers conduct trials to determine the 

suitability of their sites prior to any commercial production.  
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In addition, the findings from this work have provided the industry partner, BAX, with increased 

opportunities to source consistently high quality raw material, with increased assurance of its supply.  

The investigations in this project have also identified future investigative work on this crop, 

particularly to optimise its flowering and yield of its bioactive constituents.  

Recommendations 

While the trials were conducted with growers in Gippsland, it is unclear how the identified superior 

selections (phenotypes) will perform in other locations. It is recommended that: 

 the two superior selections of Centipeda (identified from field and pot trials) be evaluated 

more widely for yield and level of bioactive compounds, especially in other locations in 

Victoria.  

  Other selections of C. cunninghamii be sourced from its wide Australian distribution and 

evaluated both in central-south Victoria as well as in other locations. 

 Multiple harvests over several seasons be undertaken to determine plant response in respect to 

yield and composition of bioactives. 

 Further investigations be conducted into how to manipulate flowering synchrony, to optimise 

time of harvest and thus to maximum yield of bioactive compounds, particularly the 

flavonoids.  
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Implications     

Centipeda cunninghamii is a fledgling industry, with potential to grow substantially, as identified by 

the project’s industry partner, BAX. The work conducted over the past three years has gone a 

considerable way to establishing the specifications for efficacious extracts, and in identifying superior 

plant material and agronomic practices to ensure these specifications can be met by growers.  

For current farmers, the findings reported herein provide them with a possible high value alternative 

crop. As has been previously stated in this report, prospective Centipeda growers are recommended to 

first trial production of the crop, using the superior selected phenotypes and recommended agronomic 

practices, prior to any commercial production. It is strongly advised that during this trial phase, 

growers actively collaborate with BAX, so that feedback can be provided to them on the quality of the 

dried harvested raw material they produce.  

For the industry partner BAX, while this project is likely to provide opportunities for it to source 

material from a greater number of growers, this poses the potential problem of ensuring maintenance 

of quality and consistency of extracts. BAX should therefore see that they are in partnership with 

growers, and liaison and technical support is paramount to success for both parties. The formation of a 

Centipeda Growers’ Association is likely to be one way of encouraging and supporting this 

relationship.  

For state Departments of Agriculture and consultants, information on Centipeda as a crop and the 

findings of the current project should be promulgated. This should be the work of the current project 

team, AgriFutures Australia, BAX and a grower association, if formed. 
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Recommendations  

It is recommended that these findings be tested in a wider range of locations (including Victoria and 

other southern states), to validate their wider relevance. This is particularly relevant for the 

phenotypes which have been selected as a result of this project.  

It is further recommended that investigations be conducted on elucidating the physiological 

mechanisms for flowering, and understanding flower phenology in C. cunninghamii, as a prelude to 

development of approaches to stimulate and/or synchronise flowering, and thus maximise yield of 

bioactives. 

Multiple harvests over several seasons plant response yield and composition of bioactives. 

It is recommended that current and future selections of C. cunninghamii be screened for their 

tolerance/resistance to chrysanthemum white rust and any other future pests and diseases, in an effort 

to minimise reliance on pesticides in producing this crop. 

And, finally, we recommend investigating the formation of a Centipeda Growers Industry Association, 

to provide a focus for advice, support and industry development, and to assist in grower liaison with 

manufacturers such as BAX.  
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Appendices 
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                                REPORT ON SAMPLE OF SOIL

       

FILE NO : 110178086                    DATE ISSUED : 17/01/2011

CHRISTOPHER WRIGHT         CLIENT ID : WRI044

2401 PRINCES HIGHWAY         PHONE : 03 5155 7343

NOWA NOWA,  VIC 3887         FAX :

E-mail: ciwrogjt@wideband.net.au

        REFERENCE :

SAMPLE ID : FERN (0.5HA)         REFERENCE PHONE :

DEPTH OF SAMPLE (cm): 0 to 15         DATE RECEIVED : 13/01/2011

LAND USE  : NATIVE PASTURE         ANALYSIS REQUIRED : Full

ITEMS RESULTS DESIRABLE LEVEL

pH(1:5 Water) 5.4 5.5-7.5

pH(1:5 0.01M CaCl2) 4.8

Electrical Conductivity EC µS/cm 32 < 300

TOTAL SOLUBLE SALT TSS ppm 105.6 < 990

AVAILABLE CALCIUM Ca ppm 462 952

AVAILABLE MAGNESIUM Mg ppm 74.4 126

AVAILABLE SODIUM   Na ppm 25.3 < 81

AVAILABLE NITROGEN  N ppm 0.1 15

AVAILABLE PHOSPHORUS P ppm 13 15

AVAILABLE POTASSIUM K ppm 42.9 130

AVAILABLE SULPHUR  S ppm 0.1 3 - 5

AVAILABLE COPPER  Cu ppm 2.3 2

AVAILABLE ZINC     Zn ppm 2.6 3 - 5

AVAILABLE IRON    Fe ppm 13 > 30

AVAILABLE MANGANESE Mn ppm 7 > 20

AVAILABLE COBALT    Co ppm 0.1 0.5-0.7

AVAILABLE MOLYBDENUM Mo ppm 0.1 0.1-0.2

AVAILABLE BORON    B ppm 0.1 0.4-0.6

TOTAL ORGANIC MATTER OM % 2.9 3 - 4

TOTAL ORGANIC CARBON OC % 1.5 1.5 - 2

TOTAL PHOSPHORUS TP ppm not required

EXTRACTABLE ALUMINIUM Al ppm not required

TOTAL NITROGEN N % not required

TOTAL CALCIUM Ca ppm not required

TOTAL MAGNESIUM Mg ppm not required

TOTAL CHLORIDE Cl ppm not required

AVAILABLE SILICA Si ppm not required

FILE NO : 110178086 LAND USE: NATIVE PASTURE PAGE NO :   2

ITEMS RESULTS DESIRABLE LEVEL

EXCHANGEABLE CALCIUM Ca meq/100g of soil 2.21 4.47

EXCHANGEABLE MAGNESIUM Mg meq/100g of soil 0.59 1.03

EXCHANGEABLE SODIUM Na meq/100g of soil 0.11 < 0.34

EXCHANGEABLE POTASSIUM K meq/100g of soil 0.11 0.34

EXCHANGEABLE HYDROGEN H meq/100g of soil 5.3

ADJ. EXCHANG. HYDROGEN H meq/100g of soil 3.85 < 1.03

CATION EXCHANGE CAPACITY CEC 8.32

ADJUSTED CEC        Adj.CEC 6.87

EXCH. SODIUM PERCENTAGE ESP 1.32 < 5

CALCIUM / MAGNESIUM RATIO Ca/Mg 3.73 2 - 4

BASE SATURATION PERCENTAGE BSP 37

ITEMS PERCENTAGE OF ADJUSTED CEC DESIRABLE LEVEL

EXCHANGEABLE CALCIUM Ca 32.2 65-70%

EXCHANGEABLE MAGNESIUM Mg 8.6 12-15%

EXCHANGEABLE SODIUM Na 1.6 0.5-5%

EXCHANGEABLE POTASSIUM  K 1.6 3-5%

EXCHANGEABLE HYDROGEN H 56 <20%

PREVIOUS APPLICATIONS  ( IF APPLICABLE) DATE OF APPLICATION 

GYPSUM APPLIED    t/ha

LIME APPLIED           t/ha

DOLOMITE APPLIED   t/ha

Magnesium Sulphate kg/ha

PTY. LTD.

Tel:   (03) 9701 6007   
Fax: (03) 9701 5712

ABN 26 005 031 569

If 
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necessary 

                                REPORT ON SAMPLE OF SOIL

       

FILE NO : 110178084                    DATE ISSUED : 17/01/2011

CHRISTOPHER WRIGHT         CLIENT ID : WRI044

2401 PRINCES HIGHWAY         PHONE : 03 5155 7343

NOWA NOWA,  VIC 3887         FAX :

E-mail: ciwrogjt@wideband.net.au

        REFERENCE :

SAMPLE ID : GULLY (0.5HA)         REFERENCE PHONE :

DEPTH OF SAMPLE (cm): 0 to 15         DATE RECEIVED : 13/01/2011

LAND USE  : NATIVE PASTURE         ANALYSIS REQUIRED : Full

ITEMS RESULTS DESIRABLE LEVEL

pH(1:5 Water) 6 5.5-7.5

pH(1:5 0.01M CaCl2) 5.4

Electrical Conductivity EC µS/cm 34 < 300

TOTAL SOLUBLE SALT TSS ppm 112.2 < 990

AVAILABLE CALCIUM Ca ppm 1064 1443

AVAILABLE MAGNESIUM Mg ppm 122.4 191

AVAILABLE SODIUM   Na ppm 29.9 < 122

AVAILABLE NITROGEN  N ppm 0.1 18.75

AVAILABLE PHOSPHORUS P ppm 4.3 18.75

AVAILABLE POTASSIUM K ppm 74.1 198

AVAILABLE SULPHUR  S ppm 0.2 5 - 7

AVAILABLE COPPER  Cu ppm 2.8 2

AVAILABLE ZINC     Zn ppm 0.8 5 - 7

AVAILABLE IRON    Fe ppm 4 > 30

AVAILABLE MANGANESE Mn ppm 9 > 20

AVAILABLE COBALT    Co ppm 0.1 0.7-0.8

AVAILABLE MOLYBDENUM Mo ppm 0.1 0.3-0.4

AVAILABLE BORON    B ppm 0.2 0.6-0.7

TOTAL ORGANIC MATTER OM % 4.5 4 - 6

TOTAL ORGANIC CARBON OC % 2.3 2 - 3

TOTAL PHOSPHORUS TP ppm not required

EXTRACTABLE ALUMINIUM Al ppm not required

TOTAL NITROGEN N % not required

TOTAL CALCIUM Ca ppm not required

TOTAL MAGNESIUM Mg ppm not required

TOTAL CHLORIDE Cl ppm not required

AVAILABLE SILICA Si ppm not required

FILE NO : 110178084 LAND USE: NATIVE PASTURE PAGE NO :   2

ITEMS RESULTS DESIRABLE LEVEL

EXCHANGEABLE CALCIUM Ca meq/100g of soil 5.17 6.77

EXCHANGEABLE MAGNESIUM Mg meq/100g of soil 0.99 1.56

EXCHANGEABLE SODIUM Na meq/100g of soil 0.13 < 0.52

EXCHANGEABLE POTASSIUM K meq/100g of soil 0.18 0.52

EXCHANGEABLE HYDROGEN H meq/100g of soil 6.2

ADJ. EXCHANG. HYDROGEN H meq/100g of soil 3.95 < 1.56

CATION EXCHANGE CAPACITY CEC 12.67

ADJUSTED CEC        Adj.CEC 10.42

EXCH. SODIUM PERCENTAGE ESP 1.03 < 5

CALCIUM / MAGNESIUM RATIO Ca/Mg 5.22 2 - 4

BASE SATURATION PERCENTAGE BSP 52

ITEMS PERCENTAGE OF ADJUSTED CEC DESIRABLE LEVEL

EXCHANGEABLE CALCIUM Ca 49.6 65-70%

EXCHANGEABLE MAGNESIUM Mg 9.5 12-15%

EXCHANGEABLE SODIUM Na 1.3 0.5-5%

EXCHANGEABLE POTASSIUM  K 1.7 3-5%

EXCHANGEABLE HYDROGEN H 37.9 <20%

PREVIOUS APPLICATIONS  ( IF APPLICABLE) DATE OF APPLICATION 

GYPSUM APPLIED    t/ha

LIME APPLIED           t/ha

DOLOMITE APPLIED   t/ha

Magnesium Sulphate kg/ha

PTY. LTD.

Tel:   (03) 9701 6007   
Fax: (03) 9701 5712

ABN 26 005 031 569
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                                REPORT ON SAMPLE OF SOIL

       

FILE NO : 110178085                    DATE ISSUED : 17/01/2011

CHRISTOPHER WRIGHT         CLIENT ID : WRI044

2401 PRINCES HIGHWAY         PHONE : 03 5155 7343

NOWA NOWA,  VIC 3887         FAX :

E-mail: ciwrogjt@wideband.net.au

        REFERENCE :

SAMPLE ID : HILL (0.5HA)         REFERENCE PHONE :

DEPTH OF SAMPLE (cm): 0 to 15         DATE RECEIVED : 13/01/2011

LAND USE  : NATIVE PASTURE         ANALYSIS REQUIRED : Full

ITEMS RESULTS DESIRABLE LEVEL

pH(1:5 Water) 5.7 5.5-7.5

pH(1:5 0.01M CaCl2) 5.1

Electrical Conductivity EC µS/cm 54 < 300

TOTAL SOLUBLE SALT TSS ppm 178.2 < 990

AVAILABLE CALCIUM Ca ppm 658 1248

AVAILABLE MAGNESIUM Mg ppm 124.8 165

AVAILABLE SODIUM   Na ppm 41.4 < 106

AVAILABLE NITROGEN  N ppm 0.2 15

AVAILABLE PHOSPHORUS P ppm 6.4 15

AVAILABLE POTASSIUM K ppm 85.8 179

AVAILABLE SULPHUR  S ppm 0.5 3 - 5

AVAILABLE COPPER  Cu ppm 2.6 2

AVAILABLE ZINC     Zn ppm 0.7 3 - 5

AVAILABLE IRON    Fe ppm 163 > 30

AVAILABLE MANGANESE Mn ppm 16 > 20

AVAILABLE COBALT    Co ppm 0.1 0.5-0.7

AVAILABLE MOLYBDENUM Mo ppm 0.1 0.1-0.2

AVAILABLE BORON    B ppm 0.2 0.4-0.6

TOTAL ORGANIC MATTER OM % 5.1 3 - 4

TOTAL ORGANIC CARBON OC % 2.6 1.5 - 2

TOTAL PHOSPHORUS TP ppm not required

EXTRACTABLE ALUMINIUM Al ppm not required

TOTAL NITROGEN N % not required

TOTAL CALCIUM Ca ppm not required

TOTAL MAGNESIUM Mg ppm not required

TOTAL CHLORIDE Cl ppm not required

AVAILABLE SILICA Si ppm not required

FILE NO : 110178085 LAND USE: NATIVE PASTURE PAGE NO :   2

ITEMS RESULTS DESIRABLE LEVEL

EXCHANGEABLE CALCIUM Ca meq/100g of soil 3.12 5.81

EXCHANGEABLE MAGNESIUM Mg meq/100g of soil 0.99 1.34

EXCHANGEABLE SODIUM Na meq/100g of soil 0.17 < 0.45

EXCHANGEABLE POTASSIUM K meq/100g of soil 0.21 0.45

EXCHANGEABLE HYDROGEN H meq/100g of soil 7

ADJ. EXCHANG. HYDROGEN H meq/100g of soil 4.45 < 1.34

CATION EXCHANGE CAPACITY CEC 11.49

ADJUSTED CEC        Adj.CEC 8.94

EXCH. SODIUM PERCENTAGE ESP 1.48 < 5

CALCIUM / MAGNESIUM RATIO Ca/Mg 3.16 2 - 4

BASE SATURATION PERCENTAGE BSP 40

PTY. LTD.

Tel:   (03) 9701 6007   
Fax: (03) 9701 5712

ABN 26 005 031 569
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Glossary   
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  APPENDIX 2 

Industry Commercialisation 

Annual Progress Report No. 3 

for PRJ-004905 

 

Centipeda cunninghamii plant 
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MARKETING & ECONOMIC OVERVIEW 

 

• Quality & Sustainability 

 

• Commitment to Research and Development 

 

• Applications 

 

• Markets – Customers & Product Development 
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QUALITY & SUSTAINABILITY 
 
Bio Actives Export Pty Ltd is an Australian owned and operated company dedicated to 
providing only the highest quality natural ingredients through best practice and with a 
commitment to ongoing research and development.  
 
Cultivation of this plant is critical to controlling the quality of a sustainable plant without the 
issues associated with wild harvest products.  One primary objective includes the selection 
of a superior strain (or strains) of Centipeda cunninghamii with various desirable qualities to 
provide parent stock for future production.  There have been significant advances in 
understanding the phytochemistry and bioactivity of Centipeda cunninghamii, particularly at 
the molecular level, however, much more work is needed to investigate the novel chemistry 
of the extracts that underpins the biological activity, specifically the source of this activity 
from plant level which can be used for quality assurance and protection for future 
production. 
 

 

COMMITMENT TO RESEARCH AND DEVELOPMENT 

Our commitment to research and development in relation to the agronomy, extraction and 
commercial application is ongoing and supported by: 
 
Agronomy 
• Working with our growers to ensure effective and efficient practices are established 
adopted to provide support to potential new growers interested in this industry 
• Our collaboration with AgriFutures Australia and UWS to continue investigating the 
potential of this plant and further understand its capabilities 
• Continually investigating alternative controls that have opened opportunities to further 
the field into the ‘organic’ arena. 
 
Extraction - Safety and Regulatory Testing 
• Ongoing development of the commercial product going from one standardised extract to a 
variety of options from concentrates to dried down extract through QHE (Quality Herbal 
Extracts) and EOT (Essential Oils of Tasmania) thus offering customers a greater variety. 
• Currently investigating alternative extraction options, with the assistance of Syndet Works, 
including a fermentation process with an aim to achieving greater levels of actives from the 
dried plant. 
 
Application 
• Ongoing formulating and development to support customers through the initial set up 
phase and product effective commercial viable finished products to take to market 
. 
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APPLICATIONS 
 

 Contains unique bioactive molecules exclusively derived from the Australian 

indigenous plant Centipeda cunninghamii cultivated for its soothing, wound-healing 

and medicinal properties 

 Patented extraction process captures the phytochemicals responsible for the plant's 

active properties 

 Natural Synergy of dual actives combining powerful anti-inflammatory and anti-

oxidant activity from one natural source, makes the extract an integral active 

ingredient for dermatological skin care applications. 

 Once the inflammation is eradicated and the effects of ‘free radicals’ is controlled 

the skin can naturally regenerate and renew to replace damaged skin with healthy 

new cells. 

 Promotes skin renewal so the skins layers can regenerate from deep within the 

dermis to restore, redefine and regenerate 

 Assists the natural functions of skin to provide multifunctional topical benefits with 

no irritation or sensitization side effects. 

 Clinically proven as non-toxic and non-irritant its safe and gentle enough for use in 

formulations for children and sensitive skin types 

 A powerful natural alternative in providing healing and therapeutic action when 

incorporated as a key active ingredient in skin care formulations 
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MARKETS – CUSTOMERS & PRODUCT DEVELOPMENT 
 
EXISTING CUSTOMERS 
 

 
 

 
 
NEW CUSTOMERS 
 

 
 
 

 
 
 

• Direct Selling to Aged Care Facilities 

throughout the North America 

• Online Sales 

 
www.northstarnutritionals.com/p/IncrediCream.htm 

 

• Sold through pharmacy and health stores in 

US and Japan (also online worldwide) 

• Associated with National Psoriasis Foundation 

of America (major sponsor) 

 

www.renucellusa.com 

INFINITE HEALTHCARE PARTNERS 

INC. 

• Newly launched Australian Made products to 

be sold through pharmacy and health stores  

• Currently negotiating distribution in China and 

UAE, also being produced in Thailand for UK 

market 

 

www.whatskinneeds.com.au 

SKINFOOD AUSTRALIA PTY LTD 

• Due to launch May 2013 Swisse’s new 

Botanicals Natural Skin Care range 

• Also currently formulating 7 new products for 

upcoming range due for release Oct 2013. 

 

www.swisse.com.au 

SWISSE WELLNESS PTY LTD 
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WORK IN DEVELOPMENT 

 
 GAIA Force Corporation – Japanese Skin Care company and OEM, who are affiliated 

with IBC Corp, major Japanese pharmaceutical distributor – have been developing 

with extract for 8 months and are in final stages of completing range to go to market 

for various skin conditions. 

 Mentholatum – Melbourne based Australasian division of Rohto International 

working on formulating with Plantolin in their existing natural skin care range 

 Pacificlogistics – Multi-national Skin Care company developing natural skin whitening 

range for sale in UAE, India and China.  Also investigating distribution of private 

brand products for dry damaged skin conditions. 

 AZPA Pharmaceuticals Inc. – newly appointed US agent for the promotion and sale of 

extract throughout the US. 

 NCN (Nutritional Capital Network) – International agent supporting the marketing 

and promotions of the extract throughout Europe 

 Finalising negotiations with pharmaceutical operation in US to conduct clinical trials 

to develop an FDA accepted drug product for the treatment of various skin 

conditions (a joint venture between Graykey Inc. and Tergus Pharma – strictly 

confidential) 

 In addition to the topical applications mentioned, we are also in discussions 

regarding the oral applications in the form of teas and supplements as a result of the 

products potent actives. 

 
Customer Forecast Ext. 

Orders 2013 
Required 
Dry Plant 

(DP) 

Value to growers 
      2013/14                   2014/15                   2015/16    
 $ Value      ha**      $ Value      ha**    $ Value      ha** 

IHP 1500 kg (1:3) 500 kg $15,000 0.25 $48,000 0.8 $72,000 1.2 

Incredicream 1000 kg (1:3) 350 kg $12,000 0.2 $18,000 0.3 $30,000 0.5 

Swisse 2400 kg (1:3) 800 kg $18,000 0.3 $36,000 0.6 $60,000 1.0 

What Skin Need 1200 kg (1:3) 400 kg $15,000 0.25 $30,000 0.5 $48,000 0.8 

GAIA Force Corp 3000 kg (1:3) 1000 kg $30,000 0.5 $60,000 1.0 $120000 2.0 

New Customers (forecast on current nego) $60,000 1.0 $120000 2.0 $210000 3.5 

Total $150000 2.5 $312000 5.2 $540000 9.0 
** Yield = 2400kg dry plant per hectare 
 

Bio Actives Export is committed to developing the potential growth of the Centipeda 
cunninghamii rural industry through actively commercialising the finished product in the 
form of various bio-products of this plant.  We believe ongoing research and development 
into the agronomy of this plant supports the marketability of the ‘story’ associated with the 
finished product, which in turn will result in expanding the growing capacity throughout 
rural Australia.  Discussions have also taken place regarding the opportunity, in the near 
future, to create a growers association for the Centipeda cunninghamii industry to provide 
support to growers in this sector. 
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It is through continuing collaborations with organisation such as AgriFutures Australia and 
UWS that we can ensure the highest level of support and knowledge is invested into this 
project to further grow and benefit this emerging industry. 
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