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Foreword 

Australia’s botany is a potential source of new industries.  Centipeda cunninghamii is an 
endemic Australian plant that has been used in traditional medicines. Its use has been 
documented for more than 150 years. A patent, EP0988044 B1, has been granted for the 
use of a water / ethanol extract from C. cunninghamii for the treatment of a range of human 
and animal medical conditions including acne, allergic reactions, bacterial infections, bed 
sores, cuts, dermatitis, eczema, inflammations, psoriasis, rashes, skin irritations, and skin 
sun damage. 

For more than a decade, a fledgling industry based on the production of Centipeda 
cunninghamii has utilised growers in Victoria. There has been national and international 
interest in extracts of C. cunninghamii for use as an alternative to extracts of Centipeda 
minima from India and China. This publication reports investigations on agronomic practices 
aimed to optimise the production of C. cunninghamii and evaluate a selection of other 
Centipeda species as possible alternatives. 

This research aims to benefit potential farmers with experience in producing medicinal plants 
as well as those involved in the utilisation of extracts of medicinal plants. 

The key findings of Part 2 of this project are: that the yield of C. cunninghamii declines with 
latitude. That is, that higher yields are achieved in Victoria rather than in New South Wales; 
that selection N has larger fruit heads and consequently contains higher levels of terpenoids 
than do other selections; that production of Centipeda should occur at inland locations rather 
than coastal locations; that germplasm from a wide range of locations does not outperform 
the existing selections; and that leafhoppers are an important pest that may require active 
control in future cropping systems. 

Part 2 of 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.agrifutures.com.au/
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Executive Summary 

What the report is about 

 This report summarises results from field and laboratory research on the Australian 
plant Centipeda cunninghamii and some of its relatives. The report aims to provide 
useful information that will assist the further development of a Centipeda industry in 
Australia. 
 

Who is the report targeted at? 

 This report is targeted at potential growers with experience in the production of 
medicinal plants. The information will also be useful for agricultural consultants and 
people working in the plant extract industries who are looking for sources of new plant 
products in Australia. 
 

Where are the relevant industries located in Australia?  

 Centipeda has been grown on a small scale in various parts of Victoria from east 
Gippsland, to Mornington Peninsula to the Murray Valley in northern central Victoria. 

 As demonstrated in this report, Centipeda can be produced in other states. 
 

Background 

Centipeda cunninghamii is an endemic Australian plant that has been used in traditional 
medicines. Its use has been documented for more than 150 years. A patent, EP0988044 B1, 
has been granted for the use of a water / ethanol extract from C. cunninghamii for the 
treatment of a range of human and animal medical conditions including acne, allergic 
reactions, bacterial infections, bed sores, cuts, dermatitis, eczema, inflammations, psoriasis, 
rashes, skin irritations, and skin sun damage. Centipeda cunninghamii has been harvested 
from the wild for thousands of years and recently a fledgling production industry has begun to 
develop. Many aspects of the production of C. cunninghamii have not been evaluated on a 
scientific basis. 

Aims/objectives 

– Optimise the yield of material containing bioactives in Centipeda cunninghamii. 

– Collect and evaluate an increased selection of germplasm with the view to widening 

the range of production locations. 

– Determine the environmental effects on flowering and production of bioactives in 

Centipeda cunninghamii. 

– Evaluate methods to manipulate the production of flowers and bioactivies in 

Centipeda cunninghamii. 

– Facilitate the development of a grower network for the purpose of disseminating 

information and providing a basis for future industry development. 

 
Methods used  

Replicated field trials were conducted at three locations in Year 1: Patho in northern central 
VIC, Richmond in central coast NSW, and The Channon in north coast NSW. In Year 2, field 
trials were conducted at Patho and Richmond. In Year 3, all trials were conducted at 
Richmond. Plants from these field trials were dried and the levels of terpenoids, phenols and 
flavonoids in aqueous / ethanol extracts were measured. Additional experimentation 
conducted at Richmond included the application of plant growth regulators in an attempt to 
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manipulate flowering; documentation of plant development throughout the growing season; 
comparison of pest control measures; growth, production and evaluation of accessions of C. 
cunninghamii from locations in VIC, NSW and QLD together with accessions of other species 
of Centipeda. 

Results/key findings 

 Centipeda was successfully grown in northern central VIC, central coast and north 
coast NSW. 

 Yield declined with latitudes; it was highest in VIC, lower in central coast NSW and 
lowest in north coast NSW. 

 Flowering is regulated by day length with a day length of about 12.5 hours required for 
plants to commence flowering. 

 Plant parts differed in concentration of bioactive compounds; fruit heads had the 
highest contents of terpenpoids; leaves had the highest contents of phenolics and 
flavonoids, and stems had low contents of the three groups of bioactive compounds. 

 Because selection N had larger and heavier fruit heads, products requiring higher 
contents of terpenoids should be based on extracts from this selection.  

 No new accessions of C. cunninghamii or other species of Centipeda outperformed the 
existing selections A, N, and P. 

 C. minima had yields that were about one fifth to one third those of C. cunninghamii 
but extracts from C. minima had high concentrations of phenolics as did C. 
elatinoides. 

 C. nidiformis had high concentrations of terpenoids. 
 Leafhoppers can be a significant pest of Centipeda affecting yield and flower 

production. Synthetic pesticides may provide effective control of leafhoppers. 
 Centipeda should not be grown in the one location continuously throughout the year to 

reduce the build-up of pests. 
 Based on these findings, Centipeda production can occur in a range of inland locations 

in eastern Australia and produce yields that are much greater than those of its main 
international competitor, C. minima.  

 

Implications for relevant stakeholders 

 The work reported here and as a consequence of Part 1 of this project has provided 
information that will assist potential growers of Centipeda and the industry partner 
BAX to ensure that a supply of plant material can be produced in a range of locations 
and that this plant material will be able to meet the necessary quality requirements of 
the extracts. 

 For agricultural consultants and industry development officers, necessary information 
to assist in the development of a Centipeda production industry is now available. 

 

Recommendations 

 It is recommended that growers and the industry partner continue to evaluate new 
sources of germplasm to identify suitable material for use in a wide range of 
production locations. 

 Continued monitoring of pests and diseases should be undertaken with any production 
activities. Pests that affect production can be controlled by the application of synthetic 
pesticides, but selection of inland locations should minimise pest problems. 

 Further development of a Centipeda industry will require the contracting of growers to 
supply specific amounts of dried plant product. 
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Introduction 

The annual to perennial herb Centipeda cunninghamii (DC.) A. Braun & Asch. is an endemic 
Australian plant of the Asteraceae family that has been used by aboriginal peoples of 
Australia for medicinal purposes. These uses have included external treatment of skin 
conditions such as psoriasis, eczema, acne, cuts and abrasions, and hair loss. A tea made 
from it has also been used to treat gastro-intestinal disorders. Its extracts have been 
patented for use in cosmetic applications for skin care, deodorants, exfoliants, and as an 
anti-inflammatory or anti-oxidant agent. 

Production of Centipeda cunninghamii has occurred on a small scale over the past two 
decades together with some wild harvesting. Production has been focused in Central and 
Eastern Victoria to supply plants to the project industry partner, BioActives Exports (BAX) Pty 
Ltd. The first of the RIRDC funded Centipeda projects aimed to identify key agronomic, 
harvest and postharvest issues to assist the development of a viable Australian Centipeda 
industry. 

At the conclusion of the first Centipeda project, a number of recommendations were made. 
These are detailed in the Objectives section below, and led to the creation of the second part 
of the project in order to address these recommendations. 

 

Figure 1. Field trial of Centipeda cunninghamii at Richmond in 2015 / 2016 season. 
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Objectives 

AgriFutures Australia project 004905 Agronomic and Extraction Parameters for Centipeda 
cunninghamii Production achieved a number of useful outcomes, in particular: that it could be 
successfully grown in a number of south eastern Victorian locations; that there were superior 
selections; that there were advantages in multiple harvesting as opposed to a single harvest; 
and a limited range of pests and diseases were identified. It recommended that future work: 

 evaluate the two superior selections of Centipeda more widely for yield and level of 

bioactive compounds, especially in other locations in Victoria and southern states, 

with further selection within these selections taking place. 

 source other selections of Centipeda from its wide distribution and evaluate these 

both in central-south Victoria and other locations. 

 screen current and new selections for their resistance/tolerance to chrysanthemum 

white rust and other future identified pests and diseases. 

 conduct investigations into manipulating flowering synchrony, to optimise time of 

harvest and thus to maximise yield of bioactive compounds, particularly the 

flavonoids.  

 further investigate multiple harvesting (even more than the 2 harvests found to be 

superior) with a view to evaluating whether Centipeda can be grown and multiple 

harvested as a short-term perennial crop.  

Part 2 of the project aims to tackle these issues. The main objectives of this part of the 
project were to: 

 Optimise the yield of material containing bioactives in Centipeda cunninghamii. 

 Collect and evaluate an increased selection of germplasm with the view to widening 

the range of production locations. 

 Determine the environmental effects on flowering and production of bioactives in 

Centipeda cunninghamii. 

 Evaluate methods to manipulate the production of flowers and bioactivies in 

Centipeda cunninghamii. 

 Facilitate the development of a grower network for the purpose of disseminating 

information and providing a basis for future industry development. 
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Methodology 

Plant Sources 

Three superior selections of Centipeda cunninghamii identified in Part 1 of this research 
project were used in field and greenhouse evaluations for the second part of this project. 
Performance of these three selections had prevailed in terms of dry matter yield and 
bioactivity.  

Selection A 

This was a common commercially grown selection; the industry standard. It had out 
performed two of the selections, T and F, used in Part 1 of this project. These other 
selections were subsequently dropped.  

Selection N 

From Nagambie in central Victoria, this selection had performed well against the industry 
standard in terms of dry matter yield and bioactive concentration in Part 1 of this project. Its 
physical appearance differs quite markedly from the standard having larger inflorescences, 
thicker stems and a more prostrate habit. The vigour of this selection was inferior during the 
germination and seedling establishment phase however this improved as growth progressed. 

Selection P 

Conclusive results from three years of trials in Part 1 of this project revealed that this 
selection was superior for dry matter yield and concentration of the two important chemical 
groups found in C. cunninghamii: terpenoids and flavonoids. Its appearance and habit were 
similar to that of selection A, being upright and having numerous small inflorescences. 

Year 1 

Propagation 

Seedlings of the three superior selections namely A, N, and P were produced for all field and 
pot trials by Greening Australia, Richmond, NSW. Untreated seeds were sown at 8 - 10 
seeds per cell on 25 June 2014, in 90 cell seedling trays. Tray cells, 44 ml per cell, contained 
premium native growing media, pH 5.5 - 6.0, air filled porosity 21 % and water holding 
capacity 52 %. An 8 - 9 month slow release fertiliser 17.4 N: 2.4 P 9.6 K (Osmocote® Pro, ICL 
Specialty Fertilisers) was included in the media at 4 g/L. Seed was covered with perlite for 
moisture retention. After a germination period of approximately 11 days seedlings were 
thinned to one plant per cell. 

Initially trays were kept in a greenhouse for 8 weeks (day temperature 25 - 30C), then 

moved to a shade house for 2 - 3 weeks. Plants were then relocated onto outdoor benches 
for hardening off for approximately three weeks prior to dispatch in October. 

Seed used for the production of seedlings in Year 1 came from plants harvested at the end of 
the 2011 / 2012 trials in Gippsland VIC. 

Field trials 

To extend the evaluation of Centipeda cunninghamii beyond East Gippsland in Victoria, 
which had been the location of the trials conducted in Part 1, three sites were selected for 
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selection trials, one in Victoria and two in NSW. The East Gippsland grower who had 
participated in the field trials reported in Part 1 of this project ceased to be involved in the 
work prior to the start of the field trials of Part 2 of this project. 

Site 1 Patho 

This trial was on the property of Laurie and Diane Henss at Patho near Turrumbarry, VIC 

(-35.988133 S, 144.465418 E) 35 km north west of Echuca, in the Murray Valley. 

Historically tobacco and carrots had been grown at the site and more recently lucerne. This 
was a single harvest production trial to allow comparison of three selections with harvest 
occurring at peak flowering.  

On 8 October 2014 seedlings were planted into three raised beds covered with black plastic 
under which were two rows of t-tape irrigation. Each bed was made up of five 2 m plots with 
a planting density of 10 plants / m2. This density was chosen as it had been identified as the 
most superior selection in Part 1 of this project and was therefore used in all field trials in Part 
2. In total there were five randomised replicate plots of each of the three selections: A, N, and 
P. All plants in each plot were harvested at ground level when at peak flowering (roots were 
not harvested) on 14 January 2015 with the 10 middle plants placed into calico bags, 

labelled, weighed for fresh weight (FWt) and then dried at ~20C with low humidity air until 

constant weight was achieved for dry weight (DWt). Using the drying technique at Patho, 
DWt on average was 33 % that of FWt.  

Site 2 The Channon 

The second trial site was located at The Channon in the northern rivers region of New South 

Wales (-28.690285 S, 153.293588 E) 17 km north of Lismore. This trial was on the property 

of Gary Mazzorana, a lemon myrtle producer, and the site had previously been used for 
organic strawberry production. This was also a production trial to allow comparison of three 
selections with a single harvest at peak flowering. 

Two rows of T-Tape irrigation were laid along a single raised bed and covered with black 
plastic. Seedlings were planted on 13 October 2014. Plot size and planting density were as 
at Site 1. The bed contained 5 replicate 2 m plots of each selection A, N, and P. All plants in 
each plot were harvested at ground level when at peak flowering on 21 January 2015 with 
the 10 middle plants weighed and then oven dried in calico bags to constant weight. Mean 
DWt/FWt was 27 %.  

Site 3 Richmond 

The Western Sydney University Hawkesbury campus at Richmond in the central coast region 

of New South Wales (-33.609329 S, 150.74681 E) was the location of trial site 3 and the 

site where most experimental work was conducted. Historically, the field trial area had been 
planted to leguminous and grass pastures and vegetable crops for more than 100 years. 
Prior to planting a green manure crop of oats had been sprayed with glyphosate and 
incorporated into the soil. Five 30 m long raised beds were covered with black weed matting 
with three rows of T-Tape irrigation laid along the top. Seedlings were planted on 10 October 
2014. Each bed contained 5 replicate 2 m plots each of selections A, N, and P with planting 
density the same as for Site 1.  

Comparison of trial sites 

The three sites differed in soil characteristics (Table 1) and in weather conditions (Table 2). 
Soil chemical analysis was conducted using the Mehlich 3 multi-nutrient extractant method 
(SESL Australia). Soil pH ranged from acid at Patho to near neutral at Richmond and The 
Channon (Table 1). The soils had similar amounts of extractable Ca, Mg, and K, but differed 
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considerably in P (Richmond was much higher), total Ca, Mg, Na, and Cl content (Table 1). 
The high Ca, Mg, Na, and Cl contents of The Channon soil were the result of the application 
of lime to this soil prior to planting. 

Table 1. Soil chemical characteristics of the production sites used in 2014 / 2015 growing 
season.  

Soil Characteristic Units Patho Richmond The Channon 

pH in H2O  5.5 6.9 7.5 

pH in CaCl2  4.9 6.3 6.8 

Salinity EC 0.1 0.11 0.15 

Sodium mg/kg 5.3 27.1 74 

Chloride mg/kg 40.3 44.2 124.6 

eCEC  5.7 6.4 23.7 

Extractable Ca % 50.5 69.5 70.3 

Extractable Mg % 12.5 15.8 19.6 

Exchangeable Na % 0.4 1.9 1.4 

Extractable K % 12.6 12.8 8.9 

Ca:Mg  4.1 4.4 3.6 

Mg:K  1 1.2 2.2 

K/(Ca + Mg)  0.2 0.15 0.4 

K:Na  36 6.8 6.6 

Sodium absorption ratio  0 0 0 

Electrochemical Stability Index 0.25 0.06 0.11 

Nitrate mg/kg 37 28 14 

Phosphate mg/kg 116.4 350.9 111.7 

Potassium mg/kg 281 321 831 

Sulphate mg/kg <3.2 11 25 

Calcium mg/kg 578 892 3339 

Magnesium mg/kg 86 123 564 

Iron mg/kg 166.6 218 213.8 

Manganese mg/kg 178 211 82 

Zinc mg/kg 0.7 18 14 

Copper mg/kg 2.8 20 2.5 

Boron mg/kg <0.1 <0.1 1.7 

P saturation index  0.23 0.64 0.1 

Sum of base cations meq/100g 4.3 6.4 23.7 

Base Saturation % 75.44 100 100 
 
Patho has a semi-arid climate with cold winters and hot dry summers with cooler nights 
reflected in colder monthly minima early in the growing season (Table 2). The Channon has a 
humid subtropical climate reflected in warmer monthly minima early in the growing season 
(Table 2). Richmond has a humid subtropical climate with colder monthly minima than The 
Channon, but warmer than Patho. While mean monthly maxima differed between the sites by 
up to 2.8 C in October 2014, it did not differ between the sites by more than 1 C in December 
2014 (Table 2). There was a larger difference in December mean monthly maximum between 
Patho and Richmond in December 2015. The 2016 / 2017 summer at Richmond was hotter 
than the previous two summers, despite spring 2016 (October) being cooler than the 
previous ones (Table 2).  
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Table 2. Comparison of mean monthly minimum and maximum temperatures (C) from Bureau 

of Meteorology stations closest to the production sites for the 2014 / 2015, 2015 / 
2016 and 2016 / 2017 growing seasons. 

Year Month Temperature Echuca Lismore Richmond 
2014 October Minimum 8.0 12.2 11.5 
  Maximum 25.8 28.6 27.3 
2014 November Minimum 11.3 16.8 15.6 
  Maximum 28.8 30.4 30.3 
2014 December Minimum 14.0 18.0 17.3 
  Maximum  30.8 29.9 29.2 
2015 January Minimum 16.1 19.1 18.9 
  Maximum 31.0 30.5 29.8 
2015 February Minimum    18.1 
  Maximum   28.4 
2015 March Minimum   15.1 
  Maximum   27.8 
2015 August Minimum   4.2 
  Maximum   19.7 
2015 September Minimum   7.9 
  Maximum   21.8 
2015 October Minimum 10.7  12.8 
  Maximum  28.9  27.3 
2015 November Minimum 12.3  15.5 
  Maximum 28.4  27.9 
2015 December Minimum  15.9  15.7 
  Maximum 32.7  29.4 
2016 January Minimum   17.6 
  Maximum   28.9 
2016 February Minimum   17.8 
  Maximum   30.4 
2016 March Minimum   16.7 
  Maximum   29.7 
2016 April Minimum   13.1 
  Maximum   26.7 
2016 May Minimum   6.7 
  Maximum   23.9 
2016 June Minimum   7.1 
  Maximum   18.6 
2016 July Minimum   5.7 
  Maximum   18.5 
2016 August Minimum   5.2 
  Maximum   19.1 
2016 September Minimum   9.2 
  Maximum   21.7 
2016 October Minimum   10.4 
  Maximum   25.2 
2016 November Minimum   14.4 
  Maximum   29.9 
2016 December Minimum   18.1 
  Maximum   31.9 
2017 January Minimum   20.0 
  Maximum   34.1 
2017 February Minimum   19.1 
  Maximum   32.6 
2017 March Minimum   18.5 
  Maximum   27.1 
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Site 3 Richmond 

Production trial 

One of the five beds was a selection trial with a single harvest at peak flowering. All plants in 
each plot were harvested at ground level when at peak flowering on 8 January 2015 with the 

10 middle plants weighed (FWt) and then dried in calico bags in a dehydrating oven at 40C 

until constant weight (DWt) was achieved. Mean DWt/FWt was 22 %.  

Fertiliser trial 

Low and high nitrogen fertiliser treatments were applied to one bed each. The concentrations 
used were based on the soil analysis and the known nutrient removal of other crops, namely 
cabbage, celery, cucumber, lettuce and tomato (Cresswell & Huett, 1998). The low rate was 
45 kg nitrogen/ha with 15 kg nitrogen/ha applied on 11 November and 30 kg on 5 December 
2014, four and eight weeks post planting, respectively. The high rate of 90 kg nitrogen/ha 
was applied to a second bed with 30 kg N/ha and then 60 kg nitrogen/ha applied on the 
same dates as those for the low nitrogen treatment. Nitrogen was applied as calcium nitrate 
(Calcinit® Yara Norge AS). All plants were harvested at ground level at peak flowering on 8 
January 2015 with the 10 middle plants weighed (FWt) and oven dried (DWt) in calico bags. 

Multiple harvests 

A multiple harvest trial was conducted on the two beds with one bed harvested twice and the 
other three times. Multiple harvests were achieved by harvesting plants at 10 cm above the 
ground. All plants in each plot were harvested at this height and allowed to continue to grow 
until the next harvest. At the final harvest all plants in each plot were harvested at ground 
level. At each harvest, the 10 middle plants were weighed (FWt) and oven dried (DWt) in 
calico bags. The single harvest treatment (control) was harvested at peak flowering on 8 
January 2015. The two harvest treatment was harvested firstly on 17 December 2014 and 
again on 6 February 2015. The three harvest treatment was harvested on 2 December 2014, 
23 January 2015 and 30 March 2015. 

Phenology protocols 

To record the production of flowers during the growing season, several protocols were 
trialled. Firstly, the presence of flower buds was recorded on all plants at Richmond. As all 
but 2 % of plants had flower buds by the fifth week after planting and some open flowers 
within inflorescences by the sixth week, this method did not provide useful information about 
flowering. Secondly, the number of inflorescences per plant was counted on intact plants on 
an estimated 15 % to 25 % of two plants per selection per plot. This methodology proved 
difficult to implement without damaging the plants and with reliably estimating the proportion 
of plant that on which inflorescences was counted. The most reliable method for determining 
the number of inflorescences was to count the number on a measured proportion of a single 
harvested plant per selection per plot after harvest. The proportion was determined on a 
weight basis, hence could be determined accurately. 

Throughout the growing period no herbicide was used at any of the sites for weed control 
and irrigation was supplied as deemed necessary by each grower. At the time of planting at 
each site soil samples were taken for analysis of chemical composition. 

Leafhoppers were found to be present in the Hawkesbury trial. By 12 November 2014 
populations were appearing in proportions large enough to cause widespread tip burn. All 

beds were sprayed with a mixture of Abamectin

 [Chemtura AgroSolutions] (50 ml/100L) and 

Biopest Oil™ [SACOA] (1%).  
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At all trial sites on completion of drying harvested material was sent to Western Sydney 
University’s National Institute of Complementary Medicine (NICM) at Campbelltown, NSW, 
for chemical extraction and analysis. Leaf and stem samples were taken from all three 
selections from each site for mineral analysis. 

Greenhouse trial 

A greenhouse crop was established on 30 October 2014 at the Western Sydney University 
Campus at Richmond. Seedlings of selections A, N, and P grown to the same protocol as 
that for the field trials were potted into 4.5 L (200 mm) plastic pots containing potting mix 
composed of two grades of composted pine bark, 15% fine sand, nitrogen as Calgran® 
(Incitec Pivot Fertilisers), Magrilime® (Mudgee Dolomite and Lime) for pH adjustment, two 
forms of ferrous iron for medium and longer term supply plus Osmocote® Pro 5-6 months 
(ICL Specialty Fertilizers) at a rate of 3.4 g/L. Two treatments were applied to the three 
selections. For treatment one, seedlings were transplanted and left to grow in the pots. For 
treatment two seedlings were potted and trimmed to 3 to 4 healthy leaves 2 weeks after 
planting. For each selection 20 replicates were potted per treatment. Pots were placed on 
four 1 m high benches in a randomised block design in an isolated chamber in a greenhouse. 

The greenhouse temperature was set at 15C at night and 25C during the day. Pots were 

watered as required. Harvest occurred on 16 January 2015. Plants were harvested at media 

level with individual plants weighed for fresh weight, and oven dried at 40 C to constant 

weight. 

As for the field trial plant phenology was studied during the greenhouse trial by means of 
monitoring the progression of flowering. This was recorded for every plant in the trial. 

A high population of aphids was sprayed with Pirimor® (Syngenta) on 23 December 2014. 

Dried plant material was sent to NICM for chemical extraction and analysis. 

Seed production 

To produce seed for the following growing season ten seedlings of each of the three 
selections A, N, and P were grown in 4.5 L pots containing the same media as those used for 
the greenhouse trial. Each selection was isolated from the others to prevent possible cross 
pollination. Selections A and P were harvested on 23 January 2015 and selection N on 10 
February 2015. 

Year 2  

Field trials 

Field trials were conducted at two of the three locations used in Year 1, one at Patho Victoria 
and the other on the Western Sydney University campus at Richmond NSW. Both the Patho 
and Hawkesbury trials were planted in beds adjacent to the previous year’s trials. All 
seedlings were produced using the same protocol as in Year 1 using seeds produced in the 
2014 / 2015 trial. 

Site 1 Patho 

The Patho trial was established to compare fresh and dry weight yields and production of fruit 
heads per plant. It was made up of six replicate plots of each of the three selections A, N, 
and P. Set up of the beds and cultural practices were equivalent to those in the previous 
Year. Black plastic was used on all three beds, however, it dislodged from beds 1 and 3 at 
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approximately midpoint of the trial due to strong wind. Replicates 3 and 4 of all three 
selections were grown in the bed in which the plastic was retained.  

Seedlings were propagated as per the protocol in Year 1 and planted on 2 October 2015. 
Plants were harvested at peak flowering on 18 December 2015. Fresh weight was recorded 
and plants were then dried to constant weight (DWt). 

A large population of Rutherglen bugs, Nysius vinitor Lygaeidae, was present at harvest, but 
did not appear to be having any detrimental effects on plant health and therefore yield. 

Site 2 Richmond 

Trials were established at Richmond to compare selection, planting time, timing of flower 
production and insect pest infestation 

Production trial 

A selection trial to be harvested at peak flowering was established with the same format as in 
the previous year. Seedlings of selections A, N, and P were propagated using the same 
protocols as in the field trial in Year 1 and were planted on 8 October 2015. All plants in each 
plot were harvested at ground level at peak flowering on 19 January 2016, 15 weeks post 
planting. 

Multiple harvests trial 

A multiple harvest trial was established consisting of two beds each containing five two metre 
plots of each selection A, N, and P. Seedlings were propagated in seedling trays on 24 
March 2015 using the same mix as that used in pots for the greenhouse trial in Year 1. They 

were established in a greenhouse with 15C / 25C night / day temperatures and planted on 

21 August 2015. The control single harvest plots were harvested on 8 December 2015, 16 
weeks after planting. The two-harvest plots were harvested on 29 October 2015 and 19 
January 2016, 10 weeks and 22 weeks after planting respectively. Multiple harvests were 
achieved using the same technique as in Year 1. 

Timing of flower production during spring and summer growing season 

Large plots (40 m) of plants at standard planting density of 10 plants / m2 of each of the three 
selections were established at Richmond on 8 October 2015. From 9 November, 4 weeks 
post planting, plants of each selection were randomly harvested, separated into component 
parts: roots, stems, leaves and inflorescences to document plant development throughout the 
growing season. Number of inflorescences, and fresh and dry weight of all plant components 
were recorded. 

Yield of plants protected with pesticides compared with no pesticide application 

To compare the effect of the use of pesticides to control leafhopper infestation with no 
pesticide application, a late planting was established at Richmond on 11 December 2015. 
Two beds were panted in the same format as for the production trial. Pesticide was applied to 
one bed when leafhopper populations reached a threshold where leaf tip damage was 
beginning to appear (Confidor® 200SC [Bayer Crop Science] at a rate of 25 ml / 100 L). 
Pesticide was applied on 8 February and 17 March 2016. Plants were harvested on 30 
March 2016. 

At both field trial sites for yield comparison the yield of the middle 10 plants in each plot as 
well as that of the outer 10 plants was recorded. Measuring both of these components 
enabled a comparison of both plant yield and yield per unit area or per plot. Fresh weight of 



10 

the whole plot was recorded at harvest. A portion of the middle 10 plants was dried in calico 
bags to constant weight (DWt). This weight was then extrapolated to whole plot weight. 
Inflorescences were counted on weighed portions of individual plants of each of the three 
selections. Inflorescence numbers were then extrapolated for whole plant and whole plot 
weights. 

Techniques used for drying harvested material were the same as those for each of the sites 
in Year 1. To compare drying techniques three freshly harvested plants of each of the three 
selections in the selection trials were taken from each trial site on harvest day and dried at 
the other site. 

In previous years, few pests were observed to affect the growth of Centipeda. However, in 
the 2015 – 2016 growing season at Richmond a large population of leafhoppers 
(Cicadellidae) were observed causing damage to new leaves and growing tips. Insect pests 
were controlled with applications of Confidor® 200SC at a rate of 25 ml /100 L on all existing 
beds (with the exception of those used in the no pesticide bed) using a 15 L backpack 
sprayer on 9 December 2015, 8 February and 17 March 2016. A mixture of Abamectin® (50 
ml / L) and 0.3% Pestoil™ (Yates) was applied on 8 March as an alternative to continued use 
of Confidor® however this proved to be ineffective against leafhoppers. 

Plant growth regulator trial 

To manipulate flowering, a set of plant growth regulator treatments was applied to potted 
plants growing in two identical chambers in a temperature regulated greenhouse (night/day 

15C / 25C). Seedlings of each of the three selections A, N, and P were propagated as for 

the field trials. On 14 October 2015 they were individually potted into 4.5 L (200 mm) pots 
containing the same mix as that used for the greenhouse trial in Year 1. Growth regulator 
treatments were applied during the early flowering period on 27 November 2015 using a 
pressure sprayer. In each chamber, four treatments were applied to 10 replicates of each 
selection. Treatments included one of each of the growth regulators gibberellic acid (G7645 

Sigma-Aldrich) and ethephon (Ethrel

 720 Bayer Crop Science), the third a mixture of the two 

growth regulators and the fourth a control with no growth regulator applied. Gibberellic acid 
was applied at a rate of 100 ppm and ethephon 250 ppm when applied individually or in 
combination. 

Pots were placed on four 1 m high benches in each chamber in a randomised block design. 
Plants were harvested on 22 December 2015. Harvested plants were weighed then dried to 
constant weight in paper bags to compare yield.  Drying conditions were the same as for the 
greenhouse trial in Year 1. Dried plant material was sent to NCIM for chemical extraction and 
analysis. From each chamber inflorescences were counted on two plants of each selection 
per treatment. 

At intervals during the growing period insect pest thresholds reached levels where significant 
leaf damage was occurring resulting in poor plant growth.  On 30 October 2015 all plants in 
both chambers were sprayed with Dipel® (Yates) at 1 g / L to control Light Brown Apple Moth. 
On 12 November 2015 all plants were sprayed with Confidor® 200SC at 25 ml / 100 L to 
control aphids and leaf miner. 

Seed production 

To produce seed for the following growing season ten seedlings of each of the three 
selections A, N, and P were grown in 4.5 L pots containing the same medium as that used for 
the greenhouse trial. Each selection was isolated from the others to prevent possible cross 
pollination. Selections A and P were harvested on 9 February 2016 and selection N on 10 
February 2016. 
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Year 3 

Field trials 

All trials in Year 3 were conducted on the Western Sydney University campus at Richmond 
NSW. Seedlings were produced following the protocols described for Year 1 using seed 
harvested from plants grown in Year 2. 

Planting time 

A production trial was established to determine the best planting time for Centipeda 
cunninghamii. The three selections A, N, and P used in the previous two growing seasons 
were planted each month from February through to November with the exception of selection 
P which was not planted in July (Table 3).  

Table 3. Planting and harvest dates for the Centipeda cunninghamii production trials 2016 / 
2017. 

Planting 
Month 

Planting Date Harvest Date 

February 09 Feb 2016 24 Oct 2016 
March 17 Mar 2016 25 Oct 2016 
April 14 Apr 2016 09 Nov 2016 
May 12 May 2016 15 Nov 2016 
June 15 Jun 2016 15 Nov 2016 
July 13 Jul 2016 29 Nov 2016 
August 15 Aug 2016 29 Nov 2016 
September 13 Sep 2016 13 Dec 2016 
October 11 Oct 2016 09 Jan 2017 
November 14 Nov 2016 08 Mar 2017 

 

Seedlings for each planting were produced by Greening Australia at their production nursery 
located on the Western Sydney University Hawkesbury Campus at Richmond using the 
same seedling production protocol reported for the Year 1 trials. 

Seedlings were transplanted at a density of 10 plants / m2 in two metre plots on raised beds 
as in previous years. For most months, five replicate plots were planted of each of three 
selections: A, N, and P. Replicate numbers were reduced in February and August to enable 
the incorporation of a multiple harvest trial. Selection P was not planted in July as the 
additional plants were required for a comparative trial with a newly sourced C. cunninghamii 
accession V44. Bed preparation, including weed matting and t-tape irrigation, and other 
cultural practices were the same as in the previous field trials at Richmond. 

Plants were harvested at peak flowering on the dates listed (Table 3). All plants in each plot 
were weighed for fresh weight then a portion of the middle 10 plants was dried in calico bags 
to constant weight. This weight was then extrapolated to whole plot weight. 

Monthly planting and flower production 

Monthly plantings described above were used as a means of manipulating flower production; 
an alternative to the method using plant growth regulators trialled in 2015 / 2016. During the 
first week of each consecutive month after planting inflorescences were counted in situ on 
the three plants from two replicate plots of each of the three selections A, N, and P. The 
three plants selected for inflorescence counts included one from the middle section of each 
of the three rows in each plot. As the plants became significantly large counting of 
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inflorescences became somewhat difficult, therefore, inflorescences on just a measured 
portion of the plant were counted and extrapolated for the whole plant. As each monthly 
planting was harvested a final inflorescence count was recorded ex situ on the same three 
plants from each plot that had been used for inflorescence counts throughout the growing 
period. 

Multiple harvest trial 

A multiple harvest trial was planted on 9 February 2016. This trial consisted of one bed 
containing 5 two metre plots of selections N, and P and four plots of A. The control single 
harvest plots were harvested on 24 October 2016, 37 weeks after planting. The two harvest 
plots (2 replicates of each selection) were harvested firstly on 28 June 2016 and again on 24 
October 2016, 20 weeks and 37 weeks post planting, respectively. Multiple harvests were 
achieved by harvesting plants at 10 cm above the ground. At the first harvest, all plants in 
each plot were harvested at this height and allowed to continue to grow until the second 
harvest. At the final harvest all plants were harvested at ground level and all above ground 
parts were weighed and oven dried to constant weight. 

Perenniality trial 

This trial was undertaken to determine the perenniality capacity of Centipeda cunninghamii. It 
comprised the harvest of two beds of plants regrown from the 2015 / 2016 growing season, 
one planted on 21 August 2015 and the second on 11 December 2015. Thirdly, a control bed 
was planted on 11 October 2016. All plants were planted at a density of 10 plants / m2. The 
part of the trial planted in August 2015 consisted of one bed containing five 2 m plots each of 
selections A and P and four plots of N. The plants were harvested in the first season on 8 
December 15. The bed planted in December 2015 consisted of five 2 m plots each of 
selections A, N, and P and were harvested in the first season on 30 March 2016. The control 
bed also consisted of five 2 m plots of selections A, N, and P. Both regrown beds from the 
2015 / 2016 growing season were harvested for the second time on 31 October 2016. The 
control was harvested on 9 January 2017. Yields from the second harvest (October 2016) of 
the regrown beds were compared with that of the control. Plants were harvested and dried 
for plot FWt then dried to constant weight for plot DWt. 

Other Centipeda accessions and species 

Due to its wide distribution throughout Australia, it was recommended in Part 1 that other 
selections of C. cunninghamii and possibly other species of Centipeda be evaluated. During 
Year 2 new germplasm in the form of seed was sourced from collections held at the 
Queensland Herbarium, botanic gardens in New South Wales, Victoria, Tasmania, and 
Canberra, from Greening Australia and from a private collector in northern NSW. Members of 
the research team also collected seed from areas within the Hawkesbury region and 
Southern Highlands of New South Wales. 

In all, ten new accessions of C. cunninghamii were included in the trial from central, western 
and southern Victoria; southern highlands, central west and northern New South Wales; and 
southern central Queensland (Figure 2, Table 4). The six additional species of Centipeda 
sourced for evaluation included Centipeda crateriformis subsp. crateriformis (VIC), Centipeda 
elatinoides (TAS), Centipeda minima subsp. minima (NSW), Centipeda nidiformis (NSW), 
Centipeda pleiocephala (VIC), and Centipeda racemosa (NT). Insufficient seed of two C. 
cunninghamii accessions, W22 and W31, were available for field production trials; 
consequently, plants of these were grown in pots in a shadehouse and / or small plots in the 
field then harvested for seed and for chemical analysis. 
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Table 4. Sources of new accessions of Centipeda cunninghamii and additional species of 
Centipeda used in 2016 / 2017 field trials. 

Species Code Origin Source 

C. cunninghamii B 
Southern Highlands 
NSW Project team 

C. cunninghamii Q32 Adavale SW QLD Queensland Herbarium 
C. cunninghamii Q74 Adavale SW QLD Queensland Herbarium 
C. cunninghamii V44 Lara VIC Greening Australia Melbourne 
C. cunninghamii V45 Lara VIC Greening Australia Melbourne 
C. cunninghamii V46 Wallan VIC Greening Australia Melbourne 
C. cunninghamii V47 Grampians VIC Greening Australia Melbourne 
C. cunninghamii W22 West Wyalong NSW John Hosking 
C. cunninghamii W31 Liverpool Ranges NSW John Hosking 
C. crateriformis subsp. 
crateriformis V15 Yarrara NW VIC RBG Victoria 
C. crateriformis subsp. 
crateriformis V53 Wimmera VIC ANBG Canberra 
C. elatinoides E33 Lake Leake TAS RTBG Hobart 
C. minima  subsp. minima MABG Mt Annan NSW ABG Mt Annan 
C. minima subsp. minima MCD Richmond NSW Project team 
C. minima subsp. minima MGA Prospect NSW Greening Australia Richmond 
C. nidiformis W21 West Wyalong NSW John Hosking 
C. racemosa R60 Tanami NT Alice Springs Desert Park 

 

  

Figure 2. Locations from which accessions of Centipeda were collected. 

For each selection, accession and species a description is included in Appendix C.  

Production trial of new accessions and species of Centipeda 

Seed of the newly sourced selections and species was propagated on the Western Sydney 
University site in a shadehouse in Autumn and in a temperature controlled greenhouse 

during the winter months (night / day 15C / 25C) depending on when the seed was 

received.  The propagation mix used was the same as that used in pots in the greenhouse 

trial in Year 1. Aphids were controlled by the application of Mavrik

 (Yates) at 10 ml / L. As 

1. Lake Leake, TAS – C. elatinoides (E33) 
2. Yarrara Nature Conservation Reserve, VIC – C. 

crateriformis subsp. crateriformis (V15) 
3. Grampians, VIC – C. cunninghamii (V47) 
4. Little Desert National Park, VIC - C. crateriformis 

subsp. crateriformis (V53) 
5. Nathalia, VIC – C. pleiocephala (V59) 
6. Nagambie, VIC – C. cunninghamii (N) 
7. Wallan, VIC – C. cunninghamii (V46) 
8. Serendip Sanctuary, Lara, VIC -  C. cunninghamii 

(V44 & V45) 
9. Central Victoria – C. cunninghamii (A & P) 
10. Wingecarribee River, Berrima, NSW – C. 

cunninghamii (B) 
11. Sydney Basin, NSW – C. minima subsp. minima (Mt 

Annan – MABG; Richmond – MCD; Prospect – MGA) 
12. Charcoal Tank Reserve, West Wyalong, NSW – C. 

cunninghamii (W22) & C. nidiformis (W21) 
13. Coolah Tops, NSW – C. cunninghamii (W31) 
14. Adavale, QLD – C. cunninghamii (Q32 & Q74) 
15. Tanami Region, NT – C. racemosa (R60) 
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seed germinated and seedlings became sufficiently large they were planted out into the field 
at a density of 10 plants / m2 along with the monthly plantings of selections A, N, and P 
shown in Table 3 above.  

Most commonly, the monthly plantings were harvested at the same time as selections A, N, 
and P for each month. Exceptions were all C. minima subsp. minima accessions planted in 
October 2016 were harvested three weeks earlier on 20 December 2016 and C. crateriformis 
subsp. crateriformis (V15), also planted in October, was harvested three weeks later on 1 
February 2017. Plants were weighed for fresh weight, dried to constant weight and compared 
with those of selections A, N, and P. 
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Table 5. New accessions of Centipeda cunninghamii and additional species of Centipeda 
grown in trials in 2016 / 2017. 

Species Code Month planted (no. replicate plots) 

C. cunninghamii B Oct (1) 

C. cunninghamii Q32 Oct (2) 

C. cunninghamii Q74A Jun (1), Jul (1), Oct (2) 

C. cunninghamii Q74B Oct(2) 

C. cunninghamii V44 Apr (2), May (2), Jun (1), Aug (2), Oct (5) 

C. cunninghamii V45 May (2), Jun (1), Jul (2), Oct (2) 

C. cunninghamii V46 May (1), Jun (1), Jul (2) 

C. cunninghamii V47 Apr (1), May (1), Jun (1), Jul (2) 

C. crateriformis  V15 Jun (1), Aug (1), Sep (1), Oct (1) 

C. crateriformis  V53 Sep (1) 

C. elatinoides E33 Sep (1) 

C. minima   MABG Apr (2), Jun (1), Oct (1) 

C. minima  MCD Oct (1) 

C. minima  MGA Oct (2) 

 

Monthly planting and flower / fruit production - existing selections versus new 
accessions of C. cunninghamii 

During the first week of each consecutive month after planting inflorescences were counted 
on the same 3 plants (if surviving) from each plot of all C. cunninghamii selections growing as 
described above. The three plants included one from each of the three rows in the plot. As 
the plants became significantly large inflorescences on just a recorded portion of the plant 
were counted and extrapolated for the whole plant. After each planting was harvested a final 
inflorescence count was recorded on the same three plants from each plot that had been 
used for inflorescence counts throughout the growing period. 

Planting time - existing selections versus new accessions of C. cunninghamii 

To compare planting time and yield selection P and one of the new selections from Victoria, 
V44, were planted on both 15 August and 11 October 2016. Plots of each selection 15 m and 
30 m in length were planted at a density of 10 plants / m2 at the early and late planting 
respectively. Two 2 m plots of each selection from the August planting were harvested on 29 
November 2016 and five 2 m plots from the October planting were harvested on 9 January 
2017. All plants were weighed for FWt then a portion dried to constant weight for calculation 
of plot DWt. 

Harvest time - existing selections versus new accessions of C. cunninghamii 

To compare yield by harvest time selections P and V44, planted on 15 August 2016 were 
harvested firstly on 29 November and again on 20 December 2016. On the two harvest 
dates, two 2 m plots of each selection were harvested and weighed for plot FWt and a 
portion dried for calculation of plot DWt. 
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Pest and Disease Incidence 

During the Year 3 growing season at Richmond pests and disease became evident. As 
mentioned above, in Year 2 pest numbers were beginning to increase from what was 
observed in Year 1. By the third growing season leafhopper populations in particular were 
causing severe damage to leaf tips restricting plant growth and having a negative impact on 
overall plant health. New plantings of Centipeda each month provided a continual supply of 
food for leafhoppers with no off-season to diminish populations. Consequently, a series of 
insecticides were used throughout the growing period to combat the increasing pest 
populations (Figure 3). 

A mixture of Abamectin® (50 ml / 100 L) and 0.3% Pest Oil® was applied to the field trial in 
March however, this proved ineffective against leafhoppers. Confidor® 200SC, the insecticide 
of choice in Year 2, applied at a rate of 25 ml /100 L, was effectively used later in March, 
April and August. An outbreak of mites occurred in August which was thought to be a 
secondary infestation resulting from continued use of Confidor®. Predatory mites, 
Phytoseiulus persimilis, were released to control the pest mites however the problem had 
become far too widespread and predatory mite populations were unable to multiply rapidly 
enough before the pest mites began to cause widespread damage to the plants. 
Consequently, a mixture of Abamectin®, used to control mites, and Strike-out®, an alternative 
to Confidor® for control of leafhoppers, was applied twice during August, then also in 
November and February. Both insecticides were applied at 100 ml / 100 L. 

So that the same insecticides were not used continually Strike-out® was applied on its own in 
November, December and January and a mixture of Confidor® (25 ml / 100 L) and Webzone® 
(30 ml / 100 L) was used to control leafhoppers in December. In all, there were thirteen pest 
control applications during the 2016-17 growing season (Figure 3). Details of insecticides 
used, including active constituents, are listed in Appendix D. 

 

 

Figure 3. Pest control applications during the Year 3 field trials. 

Disease outbreak also occurred in the field trial. In May, the February plantings of selections 
A, N, and P became infected with an unknown species of powdery mildew (as confirmed by 
the Department of Primary Industries Elizabeth Macarthur Agricultural Institute, Menangle 
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NSW) however, the disease had disappeared by the end of June. In September, plants in 
isolated sections of the trial also became infected with Sclerotinia. Historically this fungus had 
been present in the same field when Brassica crops had been grown more than 25 years 
previously. It was observed across a range of selections and species although selection N 
did appear to be more severely affected than selections A and P. An organic product, Tricho-
Shield™ (Nutri-Tech Solutions) was applied to the plants. This talc-based formulation contains 
the beneficial fungal species Trichoderma harzianu, Trichoderma lignorum and Trichoderma 
koningii which are beneficial to plant and root growth and are claimed to improve the balance 
between desired and undesirable microorganisms in the soil. As the season progressed and 
temperatures increased the humidity decreased and the Sclerotinia infection disappeared 
without further applications of fungal control products. 

Analysis of Bioactive Compounds 

Preparation of extracts 

Approximately 500 grams of each dried sample was ground in a Breville blender and 
transferred to a plastic storage container. A representative sample (20 g) was transferred to a 
glass jar (~300 mL), 200 mL of solvent (50 % aqueous ethanol) was added and steeped for 
24 h at ambient laboratory temperatures. The jar was sealed (with the lid) to prevent 
evaporation of the solvent. The sample was then coarse-filtered using paper (Harris coffee 
filter papers) followed by 0.45 µm filtration using a 25 mm PTFE Luer lock syringe filter 
(Grace Columbia MA USA). Fifty mL aliquots of each extract were stored in pre-labelled 50 
mL Falcon tubes as retain samples. 

Preparation and serial dilution of standards 

Stock standard solutions of the reference compounds parthenolide (Sigma-Aldrich Castle Hill 
NSW Australia), quercetin (Sigma-Aldrich Castle Hill NSW Australia) and chlorogenic acid 

(Sigma-Aldrich Castle Hill NSW Australia) were prepared in methanol and stored at 4C 

(Table 6). Five serial dilutions were freshly prepared by dilution of the stock solution (Table 
7). 

Table 6. Stock solution standards used for HPLC analysis of bioactives. 

 

Table 7. Standards used for HPLC analysis of bioactives. 

Compound Mass 
(g) 

% Purity Actual 
mass 

Mass in 500 
µL 

Diluted to 5 
ml 

Parthenolide 2.776 0.98 2.72048 1.36024 0.272048 

Quercetin 3.996 0.98 3.91608 1.95804 0.391608 

Chlorogenic 
acid 

2.135 0.95 2.02825 1.014125 0.202825 

  
Terpenoids 
reference 

Phenolics 
reference 

Flavonoids 
reference 

Description Standards   
by serial 
dilution 

Parthenolide 
Conc. mg/ml 

Chlorogenic 
acid Conc. 

mg/ml 

Quercetin 
Conc. mg/ml 

Stock mg/ml STD 0.2 0.272 0.203 0.392 

STD A mg/ml STD 0.1 0.136 0.101 0.196 

STD B mg/ml STD 0.05 0.068 0.051 0.098 

STD C mg/ml STD 0.025 0.034 0.025 0.049 
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HPLC analysis 

HPLC analysis was performed on a Nexera LC-30AD HPLC system with a SIL-30ACMP 
auto-sampler (Shimadzu Kyoto Japan) and 5 µL injection volumes for all samples and 
standards. The system was fitted with a LC-30AD pump (Shimadzu Kyoto Japan) employing 
a binary mobile phase gradient consisting of solvent A (0.05 % TFA) and solvent B 
(acetonitrile / 0.05 % TFA) as described below employing a flow rate of 0.5 mL / min (Table 
8). Multi-channel monitoring was performed at 210 nm, 330 nm and 360 nm wavelengths 
using a Shimadzu SPD-M20A PDA detector with PDA detection. A Phenomenex Synergi 4 µ 
Fusion RP80 analytical column (250 mm x 4.6 mm; Phenomenex, Torrance, CA, USA) was 

used for analysis in a Shimadzu CT-20A column oven at a temperature of 40C. 

Chromatography and subsequent data analysis was performed using Shimadzu 
LabSolutions software (version 5.54). All solvents used for chromatography, were Lab-Scan 
HPLC grade (RCI Lab-Scan Bangkok Thailand), and the H2O was Millipore Milli-Q PF filtered 
(Millipore Billerica MA USA). 

Table 8. HPLC mobile phase gradient programme used for analysis of bioactives. 

Time Solvent A Solvent B Flow rate  mL/min 

0 93 7 0.5 
20 79 21 0.5 

50 60 40 0.5 
70 5 95 0.5 
73 5 95 0.5 
77 93 7 0.5 

80 93 7 0.5 

 

Quantitative analysis 

Quantitation for terpenoids, phenolics and flavonoids was carried out at 210, 330 and 360 nm 
respectively (Figure 4). Peak integration was performed automatically on all peaks ≥0.1 % 
relative peak area of tallest peak and peak identity was confirmed using characteristic UV 
spectral information for terpenoids, phenolics and flavonoids. The sum of peak areas for 
each compound class was calculated and the corresponding concentration in mg / mL, was 
interpolated from standard curve information and expressed as relative concentrations [i.e., 
total terpenoids as parthenolide equivalents; total phenolics as chlorogenic acid equivalents; 
and flavonoids as quercetin equivalents]. Statistical analysis and linear regression and 
interpolation was performed using Microsoft Excel. 

 

STD E mg/ml STD 0.012 0.017 0.013 0.024 

STD F mg/ml STD 0.006 0.009 0.006 0.012 
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Figure 4. Stacked HPLC profiles of C. cunninghamii extracts highlighting terpenoids (at 210 
nm, in grey), phenolics (at 330 nm, in grey), and flavonoids (at 360 nm, in grey). 

 

Data Analysis 

Data was analysed for statistical significance by analysis of variance using Microsoft Excel or 
general linear models analysis of variance using Minitab 17 (Minitab Inc.).  When a factor 
was found to have a significant effect pairwise comparisons of means using the Tukey 
honestly significant difference test.  
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Chapter 1 Year 1  2014 / 2015 

Centipeda Production Trials  

When this project was developed, it was planned to conduct production trials in three 
locations: Gippsland, Central Victoria and North Coast New South Wales and to establish an 
additional site at the University of Western Sydney Hawkesbury campus at Richmond New 
South Wales. It was not possible to establish a production trial in Gippsland due to the long 
term Centipeda grower based in Gippsland no longer growing the crop. Production trials 
were established in three locations for the 2014 / 2015 growing season: Patho, The 
Channon, and Richmond.  

Fresh weight yield and dry weight yield differed between the sites (Table 9). At all sites, there 
were no significant differences between selections (Tables A01 and A02). There was a 
significant effect of location (F2,36, = 6.37, p = 0.004, Table A01) on fresh weight yield with 
plants from The Channon having a lower fresh weight than those of plants grown at the other 
two sites. There was a significant effect of location (F2,36, = 36.81, p < 0.001, Table A02) on 
dry weight yield with plants from Patho having a larger dry weight than those at the other two 
sites.  

There was no effect of selection on the number of fruit heads produced per plant (Table 9). 
There was a significant effect of location (F2,36 = 9.55, p < 0.001, Table A03) on the number 
of fruit heads per plant at harvest. The plants grown at Patho had significantly more fruit 
heads than those grown at Richmond and The Channon. 

Table 9. Fresh and dry weight yields of ten plants and the number of fruit heads per plant at the 
three production sites used in the 2014 / 2015 growing season. Values within a 
column followed by different letters are significantly different at p <0.01. 

Site Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Fruit Heads 

Patho 4.77b 1.558b 2470b 
Richmond 4.81b 1.033a 1688a 
The Channon 3.78a 1.001a 1455a 

 

The elemental composition of leaves and stems was affected by the site at which plants were 
grown (Table 10). There was no effect of selection of the elemental composition of leaves or 
stems. Plants grown at Patho had higher concentrations of Zn, Mn, Fe, B, and Al in their 
leaves. Plants grown at Richmond had higher concentrations of N, K, P, Ca, Mg, S, Zn, Mn, 
B, and Mo in their leaves. Plants grown at The Channon had higher concentrations of K, Ca, 
and S in their leaves. There were fewer significant differences in elemental composition of 
stems due to location (Table 10). 

There were significant effects of location and significant differences among the selections on 
the concentrations of terpenoids (Table 11), phenolics (Table 12) and flavonoids (Table 13) 
in the 2014 / 2015 production trials. All three locations differed in the concentrations of 
terpenoids (F2,36 = 34.47, p < 0.001, Table A04) with plants grown at Richmond having the 
lowest concentrations and those grown at The Channon having the highest concentrations of 
terpenoids. The concentration of terpenoids in selection P was lower than in selection N, but 
there were no other differences among the data. All three locations differed in the 
concentrations of phenolics (F2,36 = 79.01, p < 0.001, Table A05) with plants grown at 
Richmond having the lowest concentrations and those grown at The Channon having the 
highest. Selection N had a lower concentration of phenolics than in the other selections, but 
no other differences were found. Plants grown at Richmond had a lower concentration of 
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flavonoids (F2,36 = 33.12, p < 0.001, Table A06) than those grown at the other locations. 
There were no differences in concentration of flavonoids among the selections. 

Table 10. Elemental composition of leaves and stems of plants grown at the three production 
sites in 2014 / 2017.  

  Leaves   Stems  
Element Patho The 

Channon 
Richmond Patho The Channon Richmond 

N (%) 2.78a 2.84a 3.29b 1.02a 1.06a 1.13a 
K (%) 2.62a 3.70b 3.59b 2.36a 3.11b 3.21b 
P (%) 0.49a 0.54a 0.79b 0.26a 0.27a 0.42b 
Ca (%) 0.91a 1.16b 1.61c 0.29a 0.56c 0.39b 
Mg (%) 0.37a 0.37a 0.58b 0.10a 0.11a 0.13b 
S (%) 0.34a 0.45b 0.55c 0.09a 0.13b 0.15b 
Na (%) 0.04a 0.05a 0.11a 0.01a 0.02a 0.12b 
Cu (mg/kg) 17.93a 15.07a 19.33a 6.80a 7.67a 10.40b 
Zn (mg/kg) 136.33b 88.23a 217.67c 42.80a 35.80a 62.33b 
Mn (mg/kg) 686.67c 55.27a 293.00b 126.33c 16.30a 48.13b 
Fe (mg/kg) 1846.67b 143.33a 176.00a 132.33b 57.97a 42.53a 
B (mg/kg) 60.37b 36.03a 51.33ab 13.97a 15.20b 15.10b 
Mo (mg/kg) 0.52a 0.84a 1.41b 0.23a 0.27a 0.37a 
Al (mg/kg) 2553.33b 100.67a 170.00a 215.33b 44.67a 34.67a 

 

Table 11. Concentrations (% w/w) of terpenoids in plants grown at the three production sites in 
2014 / 2015.  

Site Selection A Selection N Selection P 

Patho 0.8586 1.0576 0.7302 
Richmond 0.5436 0.6846 0.6882 
The Channon 1.0220 0.9282 0.9566 

 

Table 12. Concentrations (% w/w) of phenolics in plants grown at the three production sites in 
2014 / 2015.  

Site Selection A Selection N Selection P 

Patho 2.1876 1.4394 1.9704 
Richmond 1.1088 0.7160 0.9964 
The Channon 1.2356 1.0932 1.2366 

 

Table 13. Concentrations (% w/w) of flavonoids in plants grown at the three production sites in 
2014 / 2015.  

Site Selection A Selection N Selection P 

Patho 0.2370 0.2286 0.2314 
Richmond 0.1540 0.1360 0.1568 
The Channon 0.2704 0.2344 0.2144 

 

Fertiliser Trial 

There was a significant effect of nitrogen fertiliser application on the fresh weight yield of 
plants (F2,36 = 5.17, p < 0.05, Table A07) in the 2014 / 2015 growing season at Richmond 
(Table 14). The low addition rate of 45 kg nitrogen / ha significantly increased the fresh 
weight yield. There was also a significant interaction between selection and fertiliser. This 
resulted from the larger increases in yield of selections N and P at 45 kg nitrogen / ha than 
occurred for the selection A, which showed no significant changes due to nitrogen addition 
(Table 15).  
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There were no effects (Table A08) of different rates of nitrogen fertiliser on the dry weight 
yields of plants (Table 14). There were no effects of different rates of nitrogen fertiliser on dry 
weight yields among the three selections. The fertiliser treatments did not affect (Table A10) 
the number of fruit heads produced per plant (Table 14). The different rates of fertiliser did 
not affect (Tables A10 – A12) the concentrations of terpenoids, phenolics or flavonoids, nor 
were they any differences due to fertiliser application on these bioactive components among 
the three selections (Tables 16 – 18). 

Table 14. Fresh and dry weight yields of ten plants and number of fruit heads per plant grown 
at three rates of nitrogen fertiliser application in the 2014 / 2015 growing season. 
Values within a column followed by different letters are significantly different at p 
<0.01. 

N Fertiliser Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Fruit Heads 

Control 4.81a 1.033a 1688a 
45 kg / ha 5.12b 1.043a 1540a 
90 kg / ha 4.44a 0.955a 1338a 

 

Table 15. Fresh weight yields of ten plants grown at three rates of nitrogen fertiliser application 
in the 2014 / 2015 growing season. Values within a column followed by different 
letters are significantly different at p <0.01. 

Selection Control 45 kg N / ha 90 kg N / ha 

A 4.702a 5.191a 4.963a 
N 5.220b 5.285b 3.876a 
P 4.513a 4.895b 4.473a 

 

Table 16. Concentrations (% w/w) of terpenoids in plants grown at three rates of nitrogen 
fertiliser application in the 2014 / 2015 growing season. Values within a column 
followed by different letters are significantly different at p <0.01. 

N Fertiliser Selection A Selection N Selection P 

Control 0.5436 0.6846 0.6882 
45 kg / ha 0.3890 0.6210 0.2440 
90 kg / ha 0.4060 0.4490 0.3750 

 

Table 17. Concentrations (% w/w) of phenolics in plants grown at the three production sites in 
2014 / 2015. Values within a column followed by different letters are significantly 
different at p <0.01. 

N Fertiliser Selection A Selection N Selection P 

Control 1.109 0.716 0.996 
45 kg / ha 0.666 0.835 0.868 
90 kg / ha 0.426 0.337 0.690 

 

Table 18. Concentrations (% w/w) of flavonoids in plants grown at the three production sites in 
2014 / 2015. Values within a column followed by different letters are significantly 
different at p <0.01. 

N Fertiliser Selection A Selection N Selection P 

Control 0.154 0.136 0.157 
45 kg / ha 0.065 0.143 0.075 
90 kg / ha 0.069 0.043 0.074 
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Yield of Multiple Harvests 

Multiple harvests increased the fresh weight yield, but reduced the dry weight yield of plants 
at Richmond (Table 19). There were no differences between selections. There were 
significant effects on fresh weight yield (F2,36 = 52.36, p < 0.001, Table A13) among the 
harvest treatments. Three harvests significantly (F1,28 = 16.55, p < 0.001) increased the fresh 
weight yield over that achieved by two harvests or a single harvest. Two harvests also 
significantly (F1,28 = 39.14, p < 0.001) increased fresh weight yield over that of a single 
harvest. 

There were significant effects on dry weight yield (F2,36 = 16.04, p < 0.001, Table A14) among 
the harvest treatments. Three harvests significantly (F1,28 = 21.46, p < 0.001) decreased the 
dry weight yield below that achieved by two harvests or a single harvest. Two harvests did 
not significantly (F1,28 = 0.03, p = 0.871) affect dry weight yield compared with that of a single 
harvest. 

Table 19. Cumulative fresh and dry weight yields of ten plants and number of fruit heads per 
plant of the multiple harvests trial at Richmond in the 2014 / 2015 growing season. 
Values within a column followed by different letters are significantly different at p 
<0.01. 

Harvests Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Fruit Heads 

Single harvest 4.81a 1.033a 1688b 
Two harvests 6.00b 1.038a 1464b 
Three harvests 6.85c 1.202b 1047a 

 

Multiple harvests decreased the number of fruit heads produced per plant (Table 19). There 
were significant effects of the number of harvests (F2,36 = 7.03, p = 0.003, Table A15) and of 
selection (F2,36 = 4.63, p = 0.016, Table A15) on the number of fruit heads produced per 
plant. There was no significant interaction of these factors. Three harvests significantly 
reduced the number of fruit heads below that on plants harvested twice (F1,28 = 11.98, p = 
0.002) and on plants harvested once (F1,28 = 10.04, p = 0.004). 

There were significant differences in the number of fruit heads produced per plant for each 
selection when plants were harvested twice or three times (Table 20). There were no 
differences between selections when plants were harvested a single time. Selection N 
produced significantly fewer fruit heads per plant than the other two selections when 
harvested twice. Selection P produced significantly more fruit heads per plant than did the 
other two selections when harvested three times (Table 20). 

Table 20. Number of fruit heads per plant for each selection as affected by multiple harvests at 
Richmond in the 2014 / 2015 growing season. Values within a column followed by 
different letters are significantly different at p <0.01. 

Harvests A N P 

Single harvest 1502a 1547a 2016a 
Two harvests 1607b 1012a 1773b 
Three harvests 963a 919a 1259b 

 

The concentrations of terpenoids, phenolics and flavonoids were not affected by multiple 
harvests (Tables A16, A17, A18). Concentrations of these compounds were the same in 
plants from each harvest treatment. There were no differences between selections in their 
responses to harvest treatments (Tables 21, 22, 23). 
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Table 21. Concentrations (% w/w) of terpenoids in plants harvested multiple times in the 2014 / 
2015 growing season 

Harvests Selection A Selection N Selection P 

Single harvest 0.401 0.962 1.215 
Second harvest 0.426 0.413 0.259 
Third harvest 0.490 0.533 0.397 

 

Table 22. Concentrations (% w/w) of phenolics in plants harvested multiple times in 2014 / 2015.  

Harvests Selection A Selection N Selection P 

Single harvest 0.160 0.397 0.636 
Second harvest 0.169 0.920 0.782 
Third harvest 1.335 0.579 1.176 

 

Table 23. Concentrations (% w/w) of flavonoids in plants harvested multiple times in 2014 / 
2015.  

Harvests Selection A Selection N Selection P 

Single harvest 0.085 0.189 0.296 
Second harvest 0.085 0.128 0.097 
Third harvest 0.132 0.110 0.136 

 

Yield of Greenhouse Production Trial 

Trimming plants to shorter stems and fewer leaves at planting into individual pots affected 
their fresh weight yield and dry weight yield when grown in a temperature controlled 
greenhouse at Richmond (Table 24). While selection did not affect fresh weight yield (Table 
A19), it did significantly affect dry weight yield (F2,114 = 12.82, p < 0.001, Table A20). Plants of 
selection N had lower dry weights than those of selections A or P in the not-trimmed 
treatment (Table 25). Plants of selection A had higher dry weights than those of selections N 
and P (Table 25). 

Table 24. Fresh and dry weight yields of plants of the greenhouse trial at Richmond in the 2014 
/ 2015 growing season. Values within a column followed by different letters are 
significantly different at p <0.01. 

Treatment Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Not trimmed 153.9a 31.73a 
Trimmed 126.5b 25.43b 

 

Table 25. Dry weight of plants of the greenhouse trial at Richmond in the 2014 / 2015 growing 
season. Values within a column followed by different letters are significantly 
different at p <0.01. 

 A N P 

Not Trimmed 33.76bc 24.68a 36.75c 
Trimmed 30.50b 20.86a 24.93ab 

 

Growing plants in a temperature controlled greenhouse reduced the fresh weight yield (F1,17 = 
182.92, p < 0.001, Table A21) and dry weight yields (F1,17 = 248.01, p < 0.001, Table A22) of 
ten plants compared with those of field grown plants at Richmond. Selection did not affect 
fresh weight yield or dry weight yield. Plants grown in the greenhouse had significantly lower 
fresh and dry weight yields than did those grown in the field (Table 26). 
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Table 26. Fresh and dry weight yields of 10 plants of the greenhouse trial compared with 10 
field grown plants at Richmond in the 2014 / 2015 growing season. Values within a 
column followed by different letters are significantly different at p <0.01. 

Harvests Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Field 4.81a 1.03a 
Greenhouse 1.54b 0.33b 

 

Growing plants in a temperature controlled greenhouse did not affect the concentrations of 
terpenoids (Table A23) or phenolics (Table A24), but reduced the concentration of flavonoids 
(F1,2 = 26.21, p < 0.05, Table A25) in the plants (Table 27). Selections did not differ in their 
concentrations of bioactive compounds.  

Table 27. Concentrations (% w/w) of terpenoids, phenolics and flavonoids in plants of the 
greenhouse trial compared with field grown plants at Richmond in the 2014 / 2015 
growing season. Values within a column followed by different letters are 
significantly different at p <0.01. 

Harvests Terpenoids Phenolics Flavonoids 

Field grown 0.6388a 0.9404a 0.1489a 
Greenhouse 0.9337a 0.9753a 0.1107b 

 

Contents of Bioactive Compounds in Plant Parts 

Plant parts differed in their concentrations of bioactive compounds. There were no effects of 
selection on the concentrations of terpenoids (Table A26), phenolics (Table A27), or 
flavonoids (Table A28) in the plant parts. Plant parts significantly differed in concentrations of 
terpenoids (F2,4 = 109.73, p < 0.001, Table A26), of phenolics (F2,4 = 13.44, p < 0.05, Table 
A27), and flavonoids (F2,4 = 259.87, p < 0.01, Table A28). Fruit heads had a significantly 
higher concentration of terpenoids than did leaves or stems (Table 28), which did not differ 
from one another. Stems had a significantly higher concentration of phenolics than did fruit 
heads (Table 28), but leaves and stems and leaves and fruit heads did not differ in 
concentration of phenolics. Stems had a significantly lower concentration of flavonoids than 
did leaves or fruit heads, which did not differ from each other (Table 28). 

Table 28. Concentrations (% w/ w) of terpenoids, phenolics and flavonoids in plant parts of 
plants grown at Richmond in the 2014 / 2015 growing season. Values within a 
column followed by different letters are significantly different at p <0.05. 

Plant Part Terpenoids Phenolics Flavonoids 

Fruit heads 2.393b 1.357a 0.224b 
Leaves 0.520a 2.387ab 0.306b 
Stems 0.719a 2.422b 0.075a 
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Chapter 2 Year 2 2015 / 2016 

Yield of Production Trials 

Dry weight yield differed between sites, but not fresh weight yield. There were no differences 
between selections. There was a significant effect of location (F1,24 = 22.21, p < 0.001, Table 
A30) on dry weight yield of the plants with plants from Patho having a larger dry weight than 
those from Richmond. There was no difference in fresh weight between the sites (Table 
A29), nor was there a significant interaction between selection and location on fresh weight 
or on dry weight. These results confirm the differences in dry weight yield observed in the 
2014 / 2015 growing season. There was a significant effect of location (F1,24 = 41.21, p < 
0.001, Table A31) on the number of fruit heads per plant with plants from Patho having a 
more fruit heads than those from Richmond (Table 29). 

Table 29. Fresh and dry weight yields of whole 2 m plots and fruit heads per plant at the two 
production sites used in the 2015 / 2016 growing season. Values within a column 
followed by different letters are significantly different at p <0.01. 

Location Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Fruit Heads 

Patho 8.891a 2.123b 1848b 
Richmond 8.115a 1.646a 1076a 

 

Production location affected the concentrations of bioactive compounds in the plants. Plants 
grown Patho had significantly higher concentrations of terpenoids (F1,6 = 16.46, p < 0.01, 
Table A32), phenolics (F1,6 = 120.61, p < 0.001, Table A33), and flavonoids (F1,6 = 60.99, p < 
0.001, Table A34) than did plants grown at Richmond (Table 30). There were significant 
interactions between location and selection on the concentration of flavonoids (Table A34), 
but not on the concentrations of terpenoids (Table A32), or of phenolics (Table A33). The 
significant interaction of selection and location on the concentration of flavonoids resulted 
from the much lower concentration of flavonoids of selection A between the two locations, but 
lesser changes in concentration of flavonoids of selections N and P.  

Table 30. Concentrations (% w/w) of terpenoids, phenolics and flavonoids in plants grown at 
Richmond and Patho in the 2015 / 2016 growing season. Values within a column 
followed by different letters are significantly different at p <0.01. 

Location Terpenoids Phenolics Flavonoids 

Patho 0.922b 3.903b 0.460b 
Richmond 0.615a 1.787a 0.322a 

 

Yield of Multiple Harvests at Richmond 

Multiple harvests increased the fresh weight yield and the dry weight yield of plants at 
Richmond (Table 31). There were no differences between selections. There were significant 
effects on fresh weight yield (F1,24 = 129.05, p < 0.001, Table A35) between the harvest 
treatments. The combined fresh weight of the two harvests was greater than the weight of 
the single harvest (Table 31). There were significant effects on dry weight yield (F1,24 = 10.21, 
p < 0.01, Table A36) between the harvest treatments. The combined dry weight of the two 
harvests was greater than that of the single harvest (Table 31). Multiple harvest affected the 
number of fruit heads per plant (F1,24 = 60.12, p < 0.001, Table A37) with the sum of two 
harvests resulting in more fruit heads than those on plants harvested once (Table 31). These 
results are different to those obtained in the 2014 / 2015 growing season in which a reduction 
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in dry weight due to three harvests and no difference between two and one harvests were 
observed.  

Table 31. Cumulative fresh and dry weight yield of whole 2 m plots and number of fruit heads 
per plant of the multiple harvest trial at Richmond in the 2015 / 2016 growing 
season. Values within a column followed by different letters are significantly 
different at p <0.01. 

Harvests Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Fruit Heads 

Single harvest 7.51a 1.76a 404.8a 
Two harvests 11.14b 2.05b 942.6b 

 

Multiple harvests affected the concentrations of bioactive compounds in the plants (Table 
32). For multiple harvests, planting occurred in August, early in the growing season. The 
concentrations of bioactive compounds were compared for plants from each harvest and with 
those of plants planted in October, control plantings. Plants planted in August and harvested 
with a single harvest had a significantly higher concentration of terpenoids (F3,12 = 6.64, p < 
0.01, Table A38), than did plants harvested multiple times or of those planted in October 
(Table 32). There were no differences among the other harvests, nor did selection affect the 
concentration of terpenoids (Table A38). The significant interaction of selection and harvest 
treatments (F6,12 = 6.64, p < 0.01, Table A38) resulted from the lower concentration of 
terpenoids in plants of selection A at the single harvest whereas there were higher 
concentrations in plants of selections N and P at the single harvest. 

There were significant effects of harvests on the concentrations of phenolics (F3,12 = 40.73, p 
= 0.001, Table A39). The concentration of phenolics in the single harvest plants was 
significantly higher than those of any other plants (Table 32). There was a significant effect of 
selection on the concentration of phenolics (F2,12 = 4.98, p < 0.05, Table A39). This effect 
resulted from higher concentrations of phenolics in plants of selection P than in the other 
selections. There was no significant interaction between selection and harvests (Table A39) 
as a result of variation in the concentration of phenolics between harvests. 

There were significant effects of harvests on the concentrations of flavonoids (F3,12 = 35.51, p 
< 0.001, Table A40). The concentration of flavonoids in plants from the first harvest was 
significantly higher than those of any other plants (Table 32). The concentrations of 
flavonoids from the second harvest and the control harvest did not differ from each other, but 
differed from that of the plants of the single harvest. There was no effect of selection (Table 
A40), nor any significant interaction of selection and harvests on the concentration of 
flavonoids (Table A40).  

Table 32. Concentrations (% w/w) of terpenoids, phenolics and flavonoids in plants of the 
multiple harvests trial at Richmond in 2015 / 2016. Values within a column followed 
by different letters are significantly different at p <0.01. 

Harvests Terpenoids Phenolics Flavonoids 

First harvest 0.565a 2.001a 0.470c 
Second harvest 0.535a 1.481a 0.291b 
Single harvest 0.710b 2.752b 0.163a 
Control harvest 0.615a 1.788a 0.322b 

 

Time of Planting on Yield 

In the 2015 / 2016 growing season, plantings occurred in August, October and December. 
There were significant effects of planting date on the fresh weight yield of plants (F2,36 = 8.51, 
p < 0.01, Table A41), but no significant effect (Table A42) on the dry weight yield of plants 
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(Table A43). There were no differences between selections (Tables A41 and A42). There 
were significant interactions between selection and planting date on both fresh weight yield 
(F4,36 = 1.50, p < 0.05, Table A41), and dry weight yield (F4,36 = 3.88, p < 0.05, Table A42). 
These interactions resulted from the increase in fresh weight yields of selection A between 
control (August) and late (December) plantings, whereas other selections decreased as well 
as an increase in dry weight yields of selection A between early and late plantings, whereas 
other selections decreased in yield from early to late plantings (Table 33). There were 
significant effects (F2,36 = 43.96, p < 0.001, Table A43) of planting date on the production of 
fruit heads (Table 33). Plants from the control (October) planting had the highest number of 
fruit heads and those from the early (August) planting had the lowest (Table 33). 

Table 33. Fresh and dry weight yield of whole 2 m plots and number of fruit heads per plant of 
the planting date trial at Richmond in the 2015 / 2016 growing season. Values within 
a column followed by different letters are significantly different at p <0.01. 

Plantings Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Fruit Heads 

Early planting (August) 7.51a 1.76a 404.8a 
Control planting (October) 8.12b 1.65a 1076.0c 
Late planting (December) 7.83a 1.70a 555.8b 

 

Plant Growth Regulator Treatments to Manipulate Flowering and 
Yield 

To manipulate production of flowers a set of plant growth regulator treatments were applied 
to potted plants growing in a temperature regulated greenhouse. Growth regulator 
applications were applied during the early flowering period. The plant growth regulators 
gibberellic acid and ethephon were applied singly and in combination. The application of 
plant growth regulators had no effects on the fresh weight yield (Table A44) or the dry weight 
yield of plants (Table A45).  

Selection had a significant effect on fresh weight yield (F2,108 = 5.00, p < 0.01, Table A44) and 
on dry weight yield (F2,108 = 6.00, p < 0.01, Table A45) of plants in the growth regulator trial. 
Plants of selection P had significantly greater fresh weight averaged across treatments, than 
those of selections A and N, which did not differ from each other (Table 34). The dry weight 
of selection N, averaged across treatments, was significantly lower than those of selections A 
and P (Table 35). 

Table 34. Fresh weight yield (g) of plants treated with plant growth regulators in a greenhouse 
in 2015 / 2016.  

Treatment A N P 

Control 396.61 352.38 363.62 
GA 324.92 283.55 359.00 
GA + Ethephon 291.02 327.17 394.26 
Ethephon 296.41 320.68 412.72 

 

Table 35. Dry weight yield (g) of plants treated with plant growth regulators in a greenhouse in 
2015 / 2016.  

Treatment A N P 

Control 36.98 30.70 31.59 
GA 32.03 24.03 33.25 
GA + Ethephon 31.45 25.24 36.48 
Ethephon 26.36 25.16 38.98 
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Application of plant growth regulators did not affect the production of fruit heads (Table A46) 
however, there was a difference in the number of fruit heads produced by the different 
selections (F3,108 = 3.11, p < 0.05, Table A46). Selection N produced fewer fruit heads, 
averaged across treatments, than did selection P, but there were no other differences 
between the selections (Table 36). Plant growth regulator treatment affected the production 
of terpenoids, phenolics, flavonoids (Table 37). Selection did not affect the concentrations of 
phenolics (Table A48) or flavonoids (Table A49), but did affect the concentration of 
terpenoids (F2,12 = 5.39, p < 0.05, Table A47) with selections A and N differing (Table 38). 

Table 36. Number of fruit heads per plant as affected by plant growth regulator application.  

Treatment A N P 

Control 1226.6 882.2 880.7 
GA 948.7 729.0 906.8 
GA + Ethephon 663.5 478.0 998.4 
Ethephon 659.8 716.3 961.2 

 

Table 37. Concentrations (% w/w) of terpenoids, phenolics and flavonoids in plants of the plant 
growth regulator trial at Richmond in 2015 / 2016. Values within a column followed 
by different letters are significantly different at p < 0.05. 

Treatment Terpenoids Phenolics Flavonoids 

Control 0.425b 1.335b 0.1565b 
GA 0.342a 0.614a 0.0912a 
GA + Ethephon 0.287a 0.687a 0.0893a 
Ethephon 0.357ab 1.357b 0.1227ab 

 

Table 38. Concentrations (% w/w) of terpenoids, phenolics and flavonoids in plants of the plant 
growth regulator trial at Richmond in 2015 / 2016. Values within a column followed 
by different letters are significantly different at p < 0.05. 

Selection Terpenoids Phenolics Flavonoids 

A 0.407b 1.001a 0.1092a 
N 0.296a 0.743a 0.1075a 
P 0.342ab 1.250a 0.1284a 

 

Timing of Flower / Fruit Production During the Growing Season 

Production of flower heads / fruit heads throughout the growing season was monitored. 
There were no differences in inflorescence production between the three selections (Table 
A50). There was a pronounced time effect on the production of inflorescences (F11,72 = 19.95, 
p < 0.001, Table A50). Peak flowering time occurred at the beginning of January, later than 
expected from previous occasional observations (Figure 5). 

Growth of the plants increased during the growing season until about 14 weeks after planting 
(Figure 6). There were significant effects of selection (F2,193 = 3.78, p < 0.05, Table A51) and 
time from planting (F11,193 = 73.07, p < 0.001, Table A51) on the dry weight of plants. 
Although significant overall, the differences between selections were small. Time during the 
growing season affected the percentage of the total dry weight that the different plant parts 
contributed (Table 39, Tables A52, A53, A54). Early in the growing season, leaves were the 
largest component of the plant. Later in the season, stems became a larger component of the 
plant. Similarly, fruit heads became a larger percentage of the plant towards the end of the 
growing season (Table 39). There were differences between selections (F2,18 = 4.25, p < 
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0.05, Table A52) during the season. Selection N had less stem and more fruit heads than did 
the other two selections (Table 39). 

 

Figure 5. Number of inflorescences per plant at various times after planting on 8 October 2015 
throughout the 2015 / 2016 growing season at Richmond.  

 

 

Figure 6. Dry weights of plants at various times after planting on 8 October 2015 throughout the 
2015 / 2016 growing season at Richmond.  
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Table 39. Percentage (w/w) of plant dry weight represented by different plant parts throughout 
the growing season at Richmond in 2015 / 2016. Values within a row followed by 
different letters are significantly different at p < 0.01. 

Weeks from 
Planting 

 A N P 

5 Fruit heads 0.68a 0.90a 0.46a 
5 Leaves 53.38a 57.93a 55.94a 
5 Stems 45.93b 41.16a 43.59b 
     

11 Fruit heads 2.65a 5.29b 3.86a 
11 Leaves 52.84a 50.80a 47.18a 
11 Stems 44.50a 43.91a 48.96b 

     
15 Fruit heads 2.62a 7.51b 3.13a 
15 Leaves 42.63a 39.89a 43.93a 
15 Stems 54.75b 52.59a 52.94a 

 
Time since planting affected the production of bioactive compounds. The selections differed 
in their concentrations of terpenoids during the growing season (Table 40, F2,18 = 39.83, p < 
0.001, Table A55). Selection A had the lowest concentrations of terpenoids during the 
growing season with the lowest concentration being recorded 11 weeks after planting, but 
increasing at the end of the growing season. The other selections, N and P, did not show any 
such changes in concentration of terpenoids (Table 40). Selection P had higher 
concentrations of phenolics than did the other selections at each measurement time, except 
for selection N at week 11 (Table 41). There were no differences between selections in the 
concentration of flavonoids (Table 42, Table A57), but the concentration of flavonoids, 
averaged across selections, was significantly higher at the end of the growing season (Table 
42, F2,18 = 4.18, p < 0.05, Table A57). 

Table 40. Concentrations (% w/w) of terpenoids in plants throughout the growing season at 
Richmond in 2015 / 2016. Values within the table followed by different letters are 
significantly different at p < 0.05. 

Weeks from 
Planting 

A N P 

5 0.402b 0.674c 0.760c 
11 0.221a 0.652c 0.651c 
15 0.498b 0.645c 0.953c 

 

Table 41. Concentrations (% w/w) of phenolics in plants throughout the growing season at 
Richmond in 2015 / 2016. Values within the table followed by different letters are 
significantly different at p < 0.05. 

Weeks from 
Planting 

A N P 

5 2.992a 2.415a 4.235b 
11 1.500a 3.148b 3.710b 
15 2.621a 2.895a 3.804b 

 

Table 42. Concentrations (% w/w) of flavonoids in plants throughout the growing season at 
Richmond in 2015 / 2016.  

Weeks from Planting A N P 

5 0.125 0.092 0.125 
11 0.080 0.146 0.121 
15 0.140 0.148 0.151 
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Effects of Plant Protection Applications 

In previous years, few pests were observed to affect the growth of Centipeda. However, in 
the 2015 – 2016 growing season at Richmond a large population of leafhoppers 
(Cicadellidae) were observed to cause damage to new leaves and growing tips. Insect pests 
were controlled with applications of Confidor® 200SC at a rate of 25 ml / 100 L. To compare 
the effect of this control measure with no pesticide application a late planting was established 
at Richmond on 11 December 2015. Pesticide was applied on 8 February 2016 and 17 
March 2016. Plants were harvested on 30 March 2016. 

Lack of application of pesticide reduced fresh (F1,24 = 272.8, p < 0.001, Table A59), and dry 
weight yield (F1,24 = 159.3, p < 0.001, Table A60) and reduced production of fruit heads (F1,24 
= 67.0, p < 0.001, Table A61). Each of these measures of plant performance were reduced 
by about half (Table 43). 

Table 43. Fresh and dry weight yield per plot and fruit head production per plant to which 
pesticide had been applied or which had been untreated at Richmond in the 2015 / 
2016 growing season. Values within a column followed by different letters are 
significantly different at p < 0.001. 

Treatment Fresh Weight 
(kg) 

Dry Weight 
(kg) 

Fruit Heads 

Pesticide 7.83b 1.698b 555.8b 
Control 2.97a 0.822a 205.9a 

 

  



33 

Chapter 3 Year 3 2016 / 2017 

Yield of Production Trials 

Both fresh weight yield and dry weight yield differed as a result of planting month (Table 44). 
There was a significant effect of planting month on fresh weight yield (F9,123 = 22.80, p < 
0.001, Table A61) and dry weight yield (F9,123 = 51.87, p < 0.001, Table A62) and number of 
fruit heads per plant (F9,123 = 9.12, p < 0.001, Table A63). There were no differences between 
selections for fresh or dry weight yield. Production of fruit heads per plant was affected by 
monthly plantings. There were no differences in fruit head production between the three 
selections (Table A63). There was a pronounced time of planting effect on the production of 
fruit heads. 

Maximum flower head / fruit head production occurred on plants from the September and 
October planting dates. There was an advantage to yield from planting earlier in the growing 
season, however, this did not increase the production of fruit heads; the larger plants did not 
have more (Table 44). 

Table 44. Fresh and dry weight yields of whole plots and number of fruit heads per plant for 
each planting month. Values within a column followed by different letters are 
significantly different at p < 0.01. 

Planting 
Month 

Fresh Wt (kg) Dry Wt (kg) Fruit Heads 

Feb 11.14e 3.53f 710a 

Mar 8.44d 2.27e 758a 

Apr 7.46cd 1.84d 1064a 

May 8.49d 1.76c 967a 

Jun 5.91bc 1.76c 910a 

Jul 7.48cd 1.44bc 1675ab 

Aug 5.16ab 1.40bc 1397a 

Sep 6.95bcd 1.22ab 2329b 

Oct 5.29b 1.15ab 2377b 

Nov 3.41a 0.88a 1204a 

  

Yield of Multiple Harvests 

Harvesting twice did not increase the total dry weight yield of plants. There were small 
differences between selections. There were significant effects on fresh weight yield (F3,20 = 
65.30, p < 0.001, Table A64) and dry weight yield (F3,20 = 94.07, p < 0.001, Table A65) 
among the harvest treatments. The fresh weight yield of the combined two harvests was 
slightly lower than that of the singe harvest control (Table 45). The dry weight of the single 
harvest control was significantly higher than that of the combined two harvests (Table 45). 
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Table 45. Fresh and dry weight yield of plants of the multiple harvests trial at Richmond in the 
2016 / 2017 growing season. Values within a column followed by different letters are 
significantly different at p < 0.01. 

Harvests Fresh Weight (kg) Dry Weight (kg) 

First harvest 4.20a 1.27a 
Second harvest 6.42b 1.46a 
Two harvests combined 10.62c 2.74b 
Single harvest control 11.14c 3.53c 

 

These results differ to those obtained in the 2015 / 2016 growing season where a difference 
was found between one and two harvests. However, they confirm those from the 2014 / 2015 
trial where no differences between one and two harvests were observed.  

Perenniality Trial 

The yield from plants re-established from the August 2015 planting was significantly higher 
than those planted in December 2015 and the control planted in October 2016 (Table 46). 
The growing period had a significant effect on fresh weight (F2,36 = 15.34, p < 0.001, Table 
A66) and dry weight (F2,35 = 16.79, p < 0.001, Table A67) yields. There were no differences 
between selections on fresh or dry weight yield. Plants regrown from the 2015 growing 
season had significantly fewer fruit heads per plant at harvest (F2,40 = 20.89, p < 0.001, Table 
A68) than did those from the October 2016 planting (Table 46). 

Table 46. Fresh and dry weight yield per plot and number of fruit heads per plant of plants re-
grown from the 2015 / 2016 growing season at harvest in the 2016 / 2017 season. 
Values within a column followed by different letters are significantly different at p < 
0.01. 

Planting Fresh Weight 
(kg) 

Dry Weight (kg) Fruit Heads 

August 2015 7.20b 2.32b 1076a 
December 2015 2.39a 0.77a 1742a 
October 2016 5.29a 1.15a 2377b 

 

Yield from New Germplasm Accessions 

Both accession (F16,124 = 3.27, p < 0.001, Table A69) and month planted (F9,124 = 9.64, p < 
0.001, Table A69) had effects on fresh weight yield (Table 47). The 11 accessions of C. 
cunninghamii had similar fresh weight yields; these were generally greater than those of the 
accessions of other species, particularly C. minima. Accession (F16,124 = 4.76, p < 0.001, 
Table A70) and month planted (F9,124 = 10.59, p < 0.001, Table A70) also affected dry weight 
yield (Table 47). The 11 accessions of C. cunninghamii had similar dry weight yields; these 
were about twice those of the accessions of the other species. Accession (F14,273 = 4.60, p < 
0.001, Table A71) and month planted (F9,273 = 14.69, p < 0.001, Table A71) also affected 
number of fruit heads per plant (Table 47). The 11 accession of C. cunninghamii had similar 
numbers of fruit heads per plant, but these were lower than those of the accessions of C. 
minima or C. elatinoides. 

There was a wide range of concentrations of bioactive compounds in the new germplasm 
accessions grown in the 2016 / 2017 season (Table 48). Because of lack of replication, 
statistical analysis of the results was not possible. The 10 accessions of C. cunninghamii had 
similar concentrations of terpenoids to those of selections A, N, and P (Table 48). There was 
some variation on the concentrations of phenolics and flavonoids among the 10 accessions 
of C. cunninghamii, with accession V47 appearing to have high concentrations. The 
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accession of C. nindiformis had a relatively high concentration of terpenoids, while those of 
C. minima had relatively low concentrations of terpenoids, but higher concentrations of 
phenolics (Table 48). Chromatograms for each sample are contained in Appendix B. 

Table 47. Fresh and dry weight yield of plants of the new germplasm trial in the 2016 / 2017 
growing season. Values within a column followed by different letters are 
significantly different at p < 0.05. 

Species Code FWt (kg) DWt (kg) Fruit Heads 

C. cunninghamii A 6.67b 1.51b 1857bcd 
C. cunninghamii N 6.61b 1.49b 1372abc 
C. cunninghamii P 6.80b 1.53b 1940bcde 
C. cunninghamii V44 6.48b 1.63b 1867abcde 
C. cunninghamii V45 5.58ab 1.40b 2334bcde 
C. cunninghamii V46 7.09b 1.48b 1006ab 
C. cunninghamii V47 7.71b 1.67b 682a 
C. cunninghamii B 7.40ab 1.71ab 2950bcde 
C. cunninghamii Q32 5.46ab 1.30ab 3042cde 
C. cunninghamii Q74A 5.55ab 1.32ab 1173abc 
C. cunninghamii Q74B 7.53ab 1.63b 2418abcde 
C. crateriformis  V15 4.05ab 1.12ab 3400de 
C. crateriformis  V53 4.69ab 1.04ab 2149abcde 
C. minima  MCD 3.08ab 0.50ab - 
C. minima  MABG 1.80a 0.31a - 
C. minima  MGA 3.64ab 0.62ab 4151de 
C. elatinoides E33 4.33ab 0.76ab 4212e 

 

Table 48. Concentrations (% w/w) of terpenoids, phenolics and flavonoids in plants of the new 
germplasm trial at Richmond in 2016 / 2017.  

Species Code Terpenoids Phenolics Flavonoids 

C. cunninghamii A 0.617 1.906 0.212 
C. cunninghamii N 0.458 1.349 0.130 
C. cunninghamii P 0.438 1.595 0.089 
C. cunninghamii V44 0.656 2.028 0.160 
C. cunninghamii V45 0.625 2.359 0.155 
C. cunninghamii  V46 0.668 1.844 0.129 
C. cunninghamii V47 0.546 3.494 0.245 
C. cunninghamii B 0.558 0.799 0.167 
C. cunninghamii W22 0.573 1.622 0.136 
C. cunninghamii W31 0.635 1.201 0.079 
C. cunninghamii Q32 0.501 1.770 0.119 
C. cunninghamii Q74A 0.515 0.640 0.099 
C. cunninghamii Q74B 0.679 1.630 0.160 
C. crateriformis  V15 0.321 1.226 0.076 
C. crateriformis  V53 0.506 2.363 0.206 
C. minima MCD 0.350 2.333 0.085 
C. minima MABG 0.478 3.332 0.069 
C. minima MGA 0.377 1.823 0.067 
C. elatinoides E33 0.902 3.087 0.303 
C. nidiformis W21 1.216 1.222 0.136 
C. pleiocephala  V59 0.407 1.024 0.092 
C. racemosa R60 0.742 0.985 0.149 
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Results 

Optimise yield of Centipeda  

During Part 2 of this project, Centipeda was grown in three new locations: Patho in northern 
central Victoria, Richmond on the central coast of New South Wales and The Channon on 
the north coast of New South Wales. Fresh and dry weight yields were highest at Patho; 
yields decreased with the latitude (Table 9). Similarly, production of flower heads and 
resultant fruit heads also decreased with latitude. This result of higher yields in central VIC 
than in coastal NSW was confirmed in both years in which the comparison was made: 2014 / 
2015 (Table 9) and 2015 / 2016 (Table 29). These results are consistent with the source of 
the three selections A, N, and P being in central Victoria. 

In Part 1 of this project, differences in yield between the selections were reported in some 
years for some locations. In contrast, there were no differences in fresh or dry weight yields 
of the selections at the three locations used in 2014 / 2015 (Table 9), the two locations used 
in 2015 / 2016 (Table 29) or at the single location used in 2016 / 2017 (Table 44).  
Consequently, any one of these selections may be used in future production activities. 
However, location did affect the concentrations of terpenoids, phenolics, and flavonoids 
(Tables 11, 12, 13, and 30), but these effects differed between the three selections.  
Selection N had a lower concentration of phenolics than did the other selections. Selection P 
had a lower concentration of terpenoids than did selection N, but did not differ from selection 
A. No differences in the concentration of flavonoids was found in 2014 / 2015. However, this 
was not the case in the 2015 / 2016 growing season. In this year, no differences between 
selections were found in the concentrations of terpenoids or phenolics, but there were 
differences between selections for the concentration of flavonoids (Table 30) with selection A 
containing much lower concentrations of flavonoids at Richmond than at Patho, whereas the 
other selections showed a lesser response to location. 

The differences between the locations are not easily explained by weather or soil factors, but 
may be influenced by day length, as discussed below. The three locations used in 2014 / 
2015 differed considerably in soil chemical characteristics (Table 1) and less so in monthly 
weather characteristics (Table 2). There is little correlation between soil chemical 
characteristics and leaf or stem elemental composition (Table 10). The only evident 
correlation between soil and plant nutrients is for phosphorus: high soil phosphorus at 
Richmond resulted in higher leaf and stem phosphorus at Richmond. The Richmond soil has 
very high phosphorus levels as a consequence of the long term application of 
superphosphate before the current field trials. The high phosphorus levels have persisted 
despite there being no applications of superphosphate for at least 25 years prior to the 
current research. 

Application of nitrogen fertiliser had a minor effect on fresh weight yield, but did not affect dry 
weight yield or the production of fruit heads or the concentrations of bioactive compounds 
(Tables 14, 15, 16, 17, and 18). Little increase in yield may be achieved through the 
application of fertilisers. A similar negative result of fertiliser application occurred in trials with 
K fertiliser or lime in Part 1 of this project. It appears that Centipeda is able to absorb its 
required nutrients without be greatly influenced by variation in the nutrient content of the soil 
in which it grows. Optimisation of plant nutrition for Centipeda will require much more detailed 
investigations than were possible in the field trials conducted during this project. 

Collect and evaluate Centipeda germplasm 

Evaluation of eight accessions of C. cunninghamii and the three selections at Richmond in 
2016 / 2017, did not identify any one accession that had superior yield to the three selections 
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(Table 47). The accessions from QLD (Q32 and Q74) did not perform better at Richmond 
than those from VIC. The accessions of other Centipeda species did not outperform the 
accessions or selections of C. cunninghamii. While C. minima and C. elatinoides did produce 
very large numbers of fruit heads per plant (Table 47), these plants were much smaller than 
those of C. cunninghamii. Dry weight yields of C. minima and C. elatinoides ranged from 
about one fifth to a half of those of C. cunninghamii. Full descriptions of all selections and 
accessions are contained in Appendix C. 

The new accessions of C. cunninghamii did show some differences in concentrations of 
terpenoids, phenolics or flavonoids (Table 48). The accessions of C. cunninghamii from QLD 
(Q32 and Q74) and from NSW (W22 and W31) did not differ in concentrations of terpenoids, 
phenolics or flavonoids from the accessions from VIC.  Based on the sample extracted from 
accession V47 from the Grampians region of VIC, it may be possible to select plants with 
higher concentrations of phenolics than are found in selections A, N, and P (Table 48). While 
C. minima and C. elatinoides produced large numbers of fruit heads these were not reflected 
in higher concentrations of terpenoids in whole plant extracts. Fruit heads of C. cunninghamii 
have much higher concentrations of terpenoids than do leaves or stems (Table 28) and this 
is reflected in the higher concentrations of terpenoids occasionally found in selection N with 
its larger proportion of fruit heads. Chromatograms of aqueous / ethanol extracts from each 
selection and accession are contained in Appendix B. 

Environmental effects on flowering and bioactives 

Maximum flower / fruit head production for the 2015 / 2016 spring planting (October 2015) 
occurred 12 to 15 weeks after planting (Figure 5). This timing of flower head / fruit head 
production was confirmed in the monthly planting trial of 2016 / 2017 (Table 44). While the 
late summer / early autumn (February, March, and April) plantings produced a few flower 
heads before winter, no more were produced until spring (October). The fruit heads that were 
present on these plants in June and July had fallen off by August such that no flower heads 
were present in early September when day length was 11.5 hours. This indicated that day 
length had to be greater than about 12.5 hours for flower heads to be produced. The longer 
days and greater numbers of fruit heads at Patho and shorter days and lesser numbers of 
fruit heads at The Channon (Table 9) are consistent with these observations on flowering 
made at Richmond. Maximum flowering and hence fruit head production results from spring 
plantings (September and October, Table 44). 

Because the environment regulated plant development, it had effects on the production of 
bioactive compounds. Fruit heads had a much higher concentration of terpenoids than did 
other plant parts (Table 28). Consequently, as the number of fruit heads increased during the 
growing season, the concentration of terpenoids also increased, but this differed between 
selections with only selectin A showing a marked increase in terpenoids concentration at the 
end of the growing season (Table 40). The selections also differed in concentration of 
phenolics, again with selection A having lower concentrations than selection P throughout the 
growing season (Table 41), but the selections did not differ in concentration of flavonoids 
during the growing season (Table 42). Phenolics are found at higher concentrations in leaves 
and stems than in fruit heads, whereas flavonoids occur at higher concentrations in leaves 
and fruit heads than in stems (Table 28). The changing concentrations of bioactives within 
the plant during growing season (Tables 40, 41, 42), reflect the changing proportions of fruit 
heads, leaves and stems (Table 39). 

Manipulate production of flowers and bioactives in Centipeda 

The use of multiple harvests to increase yield was recommended from Part 1 of this project. 
During the three years in which multiple harvests were evaluated in Part 2, there were 
inconsistent results. In 2014 / 2015, two harvests did not affect yield, whereas three harvests 
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reduced total yield (Table 19). In 2015 / 2016, two harvests increased yield (Table 31), but in 
2016 / 2017 two harvests decreased yield (Table 45). Multiple harvests may prove useful as 
a means of extending the growing season and / or manipulating the harvest date, but should 
be carefully investigated at individual production locations. 

Similarly, growing Centipeda as a short term perennial crop gave inconsistent results. Plants 
regrown from the 2015 plantings and harvested again in the 2016 / 2017 growing season 
produced larger or smaller yields than those planted and harvested in 2016 / 2017 (Table 
46). Monthly plantings from February to November 2016 confirmed that plants from late 
summer / early autumn plantings that grew over the winter were much larger at harvest than 
plants established in early or late spring (Table 44). However, early plantings resulted in the 
production of far fewer fruit heads per plant than those established in spring (Table 44). The 
2016 / 2017 monthly planting data confirmed the results of the more limited planting date trial 
of 2015 / 2016 (Table 33). Early spring plantings (September and October) resulted in plants 
with the largest numbers of fruit heads and consistent yields than plantings established at 
other times of the year. 

Selection N has larger flower heads and fruit heads (Appendix C) than the selections A and P 
and for selection N the fruit heads make up a greater percentage of the total plant dry weight 
than they do for the other two selections (Table 39). Application of the plant growth regulators 
gibberellic acid and ethylene, singly and in combination, did not increase production of fruit 
heads. Selection N produced fewer fruit heads than did the other selections, but this was not 
significantly affected by plant growth regulator application (Table 36). Fruit heads have much 
higher concentrations of terpenoids, but lower concentrations of phenolics than do leaves or 
stems (Table 28). Stems have much lower concentrations of flavonoids than do fruit heads or 
leaves (Table 28). Consequently, should higher yields of terpenoids be desired, selection N 
should be grown. 

Monitoring of pests and diseases 

While large numbers of Rutherglen bugs were observed at Patho, these caused no 
detrimental effects to the crop. However, continuous cropping together with the milder 
winters at Richmond resulted in a range of pest and disease problems. Significant damage 
from leafhoppers and to a lesser extent aphids and leaf miners required multiple applications 
of pesticides (Figure 3). Details of control measures are listed in Appendix D. 

It was proposed to evaluate selections and accessions for resistance to chrysanthemum 
white rust, this disease did not occur in any growing season of Part 2 of the project; hence 
fungal spores could not be sourced for a resistance trial. However, infection by Scerotinia did 
occur during the winter of 2016 from soil borne spores that had lain dormant for more than 25 
years at Richmond. This disease did not reappear or continue to be a problem after the 
winter of 2016.  

There were no apparent differences in disease or pest susceptibility of any selections or 
accessions grown at Richmond in the 2016 / 2017 season. 

The lack of pests and diseases at Patho suggests that production of Centipeda should occur 
at inland locations rather than coastal locations. Colder winter temperatures delay the 
development of pests and drier summer conditions reduce the incidence of fungal diseases. 
Discrete cropping periods and isolation can be effective methods of pest and disease control. 
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Implications 

The research reported here shows that the production of Centipeda cunninghamii is a 
fledgling industry with potential to develop once ongoing contracts can be established. The 
work conducted over the six years of this project has established the specifications for 
extraction and identified superior plant material and agronomic practices including seedling 
production protocols, planting dates and densities as well as harvesting practices and 
potential pest and disease problems. 

For growers with an interest in growing Centipeda, the findings reported here and in the Part 
1 report provide essential information about producing a crop. Prospective growers are 
recommended to trial the production of the crop using selection N or one of selections A or P 
prior to attempting to produce a commercial crop. It is recommended that growers actively 
collaborate with the industry partner BAX to ensure that they are provided with information 
about the quality of their crop. 

For the industry partner BAX, it is important to encourage ongoing production of small crops 
of Centipeda to ensure both a supply of plant material for extraction and to maintain grower 
commitment. BAX should actively partner with growers to facilitate the further development of 
the industry. 

For agricultural consultants, information about the production of Centipeda as a crop is 
contained in this and the previous report. This information should be promulgated through the 
ongoing efforts of the project team, industry organisations such as BAX and AgriFutures. 
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Recommendations 

The recommendations from Part 2 of this project are: 

 Continued evaluation of germplasm to identify suitable material for use in a wide 

range of inland locations. 

 Monitoring of pests and diseases during production in multiple locations. 

 Evaluation of extracts from a wide selection of field grown germplasm for use in a 

wide range of skin care and / or therapeutic products. 

 The development of an industry based on contract growing of plants to meet 

processing requirements. 
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Appendix A Statistical Analysis Tables  

 
Table A01. Two factor analysis of variance of fresh weight yield at the three production sites 
used in the 2014 / 2015 growing season. Location had a significant effect. 

Source of 
Variation SS df MS F 

P-
value 

Selection 0.199 2 0.100 0.12 0.885 

Location 10.314 2 5.157 6.37 0.004 

Interaction 2.670 4 0.667 0.82 0.518 

Within 29.139 36 0.809   

Total 42.323 44       

 
Table A02. Two factor analysis of variance of dry weight yield at the three production sites 
used in the 2014 / 2015 growing season. Location had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.099 2 0.050 1.24 0.300 

Location 2.938 2 1.469 36.82 0.000 

Interaction 0.158 4 0.039 0.99 0.427 

Within 1.436 36 0.040   

Total 4.631 44       

 

Table A03. Two factor analysis of variance of the number of fruit heads per plant at the three 
production sites used in the 2014 / 2015 growing season. Location had a significant effect. 

Source of 
Variation SS df MS F 

P-
value 

Selection 2 126 799 2 
1 063 

399 2.40 0.105 

Location 8 475 266 2 
4 237 

633 9.55 0.000 

Interaction 878 140 4 219 535 0.49 0.740 

Within 15 976 396 36 443 789   

Total 27 456 601 44       

 

Table A04. Two factor analysis of variance of the concentration of terpenoids in plants grown 
at three production sites in 2014 / 2015. Location and selection and their interaction had 
significant effects. 

Source of 
Variation SS df MS F P-value 

Location 0.8787 2 0.4393 34.47 0.000 

Selection 0.0835 2 0.0417 3.27 0.049 

Interaction 0.2798 4 0.0699 5.49 0.001 

Within 0.4588 36 0.0127   
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Total 1.7007 44       

  
 
Table A05. Two factor analysis of variance of the concentration of phenolics in plants grown 
at three production sites in 2014 / 2015. Location and selection and their interaction had 
significant effects. 

Source of 
Variation SS df MS F P-value 

Location 6.8834 2 3.4417 79.01 0.000 

Selection 1.4815 2 0.7408 17.01 0.000 

Interaction 0.4774 4 0.1193 2.74 0.043 

Within 1.5681 36 0.0436   

Total 10.4104 44       

 
Table A06. Two factor analysis of variance of the concentration of flavonoids in plants grown 
at three production sites in 2014 / 2015. Location had significant effects. 

Source of 
Variation SS df MS F P-value 

Location 0.0763 2 0.0381 33.12 0.000 

Selection 0.0041 2 0.0020 1.78 0.184 

Interaction 0.0054 4 0.0013 1.18 0.337 

Within 0.0415 36 0.0012   

Total 0.1272 44       

 
Table A07. Two factor analysis of variance of fresh weight yield at three rates of N fertiliser 
application in the 2014 / 2015 growing season. Fertiliser had a significant effect. 

Source of 
Variation SS df MS F 

P-
value 

Selection 0.790 2 0.3949 1.15 0.327 

Fertiliser 3.541 2 1.7703 5.17 0.011 

Interaction 3.927 4 0.9818 2.87 0.037 

Within 12.322 36 0.3423   

Total 20.580 44       

 

Table A08. Two factor analysis of variance of dry weight yield at three rates of N fertiliser 
application in the 2014 / 2015 growing season. There were no significant effects of selection 
or fertiliser. 

Source of 
Variation SS df MS F 

P-
value 

Selection 0.0110 2 0.0055 0.48 0.626 

Fertiliser 0.0687 2 0.0344 2.97 0.064 

Interaction 0.0679 4 0.0170 1.47 0.232 

Within 0.4163 36 0.0116   

Total 0.5638 44       
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Table A09. Two factor analysis of variance of number of fruit heads per plant at three rates of 
N fertiliser application in the 2014 / 2015. There were no significant effects. 

Source of 
Variation SS df MS F 

P-
value 

Selection 1 710 874 2 855 437 2.52 0.095 

Fertiliser 928 878 2 4 664 439 1.37 0.268 

Interaction 636 618 4 159 154 0.47 0.758 

Within 
12 225 

047 36 339 585   

Total 
15 501 

418 44       

 

Table A10. General linear models analysis of variance of the concentration of terpenoids in 
plants grown at three rates of N fertiliser in 2014 / 2015. There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.1012 2 0.0506 4.29 0.101 

Fertiliser 0.0416 2 0.0208 1.76 0.282 

Error 0.0471 4 0.0118   

Total 0.1898 8       

 
Table A11. General linear models analysis of variance of the concentration of phenolics in 
plants grown at three rates of N fertiliser in 2014 / 2015. There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.3239 2 0.1620 6.57 0.054 

Fertiliser 0.0741 2 0.0371 1.50 0.326 

Error 0.0986 4 0.0246   

Total 0.4967 8       

 
Table A12. General linear models analysis of variance of the concentration of flavonoids in 
plants grown at three rates of N fertiliser in 2014 / 2015. There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.0116 2 0.0058 5.49 0.071 

Fertiliser 0.0002 2 0.0001 0.09 0.914 

Error 0.0042 4 0.0011   

Total 0.0160 8       

 
Table A13. Two factor analysis of variance of fresh weight yield of the multiple harvests trial 
at Richmond in 2014 / 2015. Number of harvests had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 1.073 2 0.537 1.78 0.183 

Harvests 31.577 2 15.789 52.37 0.000 
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Interaction 2.183 4 0.546 1.81 0.148 

Within 10.854 36 0.301   

Total 45.687 44       

Table A14. Two factor analysis of variance of dry weight yield of the multiple harvests trial at 
Richmond in 2014 / 2015. Number of harvests had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.0084 2 0.0042 0.48 0.621 

Harvest 0.2801 2 0.1400 16.04 0.000 

Interaction 0.0335 4 0.0084 0.96 0.442 

Within 0.3143 36 0.0087   

Total 0.6363 44       

 

Table A15. Two factor analysis of variance of the number of fruit heads per plant as affected 
by multiple harvests at Richmond in 2014 / 2015. Selection and number of harvests had 
significant effects. 

Source of 
Variation SS df MS F 

P-
value 

Selection 2 093 057 2 
1 046 

528 4.63 0.016 

Harvests 3 177 959 2 
1 588 

989 7.03 0.003 

Interaction 658 552 4 164  638 0.72 0.579 

Within 8 140 286 36 226 119   

Total 
14 069 

854 44       

 

Table A16. General linear models analysis of variance of the concentration of terpenoids in 
plants harvested multiple times in 2014 / 2015. There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.0731 2 0.0365 2.68 0.182 

Harvests 0.4039 2 0.2019 0.49 0.647 

Error 0.3010 4 0.0752   

Total 0.7779 8       

 
Table A17. General linear models analysis of variance of the concentration of phenolics in 
plants harvested multiple times in 2014 / 2015. There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.1565 2 0.0783 2.06 0.243 

Harvests 0.6139 2 0.3070 0.53 0.628 

Error 0.5968 4 0.1492   

Total 1.3673 8       
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Table A18. General linear models analysis of variance of the concentration of flavonoids in 
plants harvested multiple times in 2014 / 2015. There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.0086 2 0.0043 1.61 0.306 

Harvests 0.0121 2 0.0061 1.15 0.404 

Error 0.0150 4 0.0038   

Total 0.0358 8       

 
Table A19. Two factor analysis of variance of fresh weight yield of the greenhouse trial at 
Richmond in 2014 / 2015. Trimming treatment had a significant effect. 

Source of 
Variation SS df MS F 

P-
value 

Selection 5 454.1 2 2 727.1 1.46 0.237 

Trim treatment 22 492.2 1 22 492.9 12.02 0.001 

Interaction 7 398.1 2 3 699.1 1.98 0.143 

Within 213 215.2 114 1 870.3   

Total 248 560.5 119       

 

Table A20. Two factor analysis of variance of dry weight yield of greenhouse trial at 
Richmond in 2014 / 2015. Selection and trimming treatment had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 2 058.3 2 1 029.1 12.82 0.000 

Trim treatment 1 190.1 1 1 190.1 14.82 0.000 

Interaction 458.8 2 229.4 2.86 0.062 

Within 9 152.9 114 80.3   

Total 12 860.1 119       

 

Table A21. General linear models analysis of variance of fresh weight yield of 10 plants of 
the greenhouse trial compared with 10 field grown plants at Richmond in 2014 / 2015. 
Growing condition had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.7476 2 0.3738 1.49 0.253 

Growing condition 45.9037 1 45.9037 182.92 0.000 

Error 4.2660 17 0.2509   

Total 50.9173 20       
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Table A22. General linear models analysis of variance of dry weight yield of 10 plants of the 
greenhouse trial compared with field grown plants at Richmond in 2014 / 2015. Growing 
condition had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.02438 2 0.01219 1.44 0.265 

Growing condition 2.10476 1 2.10476 248.01 0.000 

Error 0.14428 17 0.00849   

Total 2.27342 20       

 

Table A23. General linear models analysis of variance of the concentration of terpenoids in 
plants of the greenhouse trial compared with field grown plants at Richmond in 2014 / 2015. 
There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.09033 2 0.0452 2.84 0.260 

Growing condition 0.13042 1 0.1304 8.20 0.103 

Error 0.03180 2 0.0159   

Total 0.25255 5       

 
Table A24. General linear models analysis of variance of the concentration of phenolics in 
plants of the greenhouse trial compared with field grown plants at Richmond in 2014 / 2015. 
There were no significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.01583 2 0.0079 0.14 0.874 

Growing condition 0.00183 1 0.0018 0.03 0.872 

Error 0.11006 2 0.0550   

Total 0.12772 5       

 
Table A25. General linear models analysis of variance of the concentration of flavonoids in 
plants of the greenhouse trial compared with field grown plants at Richmond in 2014 / 2015. 
Growing conditions had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.00016 2 0.00080 0.95 0.512 

Growing condition 0.00220 1 0.00220  26.21 0.036 

Error 0.00017 2 0.00008   

Total 0.00252 5       

 
Table A26. General linear models analysis of variance of the concentration of terpenoids in 
plant parts in 2014 / 2015. Plant part had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.06064 2 0.0303 1.05 0.431 
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Plant part 6.34902 2 3.1745 109.73 0.000 

Error 0.11572 4 0.0289   

Total 6.52539 8       

 
Table A27. General linear models analysis of variance of the concentration of phenolics in 
plant parts in 2014 / 2015. Plant part had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.78284 2 0.3914 4.79 0.087 

Plant part 2.19488 2 1.0974 13.40 0.017 

Error 0.32663 4 0.0816   

Total 3.30436 8       

 
Table A28. General linear models analysis of variance of the concentration of flavonoids in 
plant parts in 2014 / 2015. Plant part had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.00310 2 0.0015 0.98 0.451 

Plant part 0.08199 2 0.0410 25.87 0.005 

Error 0.00634 4 0.0016   

Total 0.09143 8       

 

Table A29. Two factor analysis of variance of fresh weight yield of plants grown at Richmond 
and Patho in 2015 / 2016. There were no significant effects. 

Source of 
Variation SS df MS F 

P-
value 

Selection 1.430 2 0.715 0.41 0.666 

Location 4.522 1 4.523 2.61 0.119 

Interaction 2.910 2 1.455 0.84 0.444 

Within 41.556 24 1.731   

Total 50.419 29       

 

Table A30. Two factor analysis of variance of dry weight yield of plants grown at Richmond 
and Patho in 2015 / 2016. Location had a significant effect. 

Source of 
Variation SS Df MS F P-value 

Selection 0.1235 2 0.062 0.81 0.458 

Location 1.7010 1 1.701 22.21 0.000 

Interaction 0.2642 2 0.132 1.72 0.200 

Within 1.8383 24 0.076   

Total 3.9271 29       
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Table A31. Two factor analysis of variance of the number of fruit heads per plant of plants 
grown at Richmond and Patho in 2015 / 2016. Location had a significant effect. 

Source of 
Variation SS Df MS F P-value 

Selection 518 653 2 259 326 2.39 0.113 

Location 4 470 922 1 4 470 922 41.21 0.000 

Interaction 77 533 2 38 767 0.35 0.703 

Within 2 603 992 24 108 500   

Total 7 671 100 29       

 
Table A32. Two factor analysis of variance of the concentration of terpenoids in plants grown 
at Richmond and Patho in 2015 / 2016. Location had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.0620 2 0.0310 1.814 0.242 

Location 0.2812 1 0.2812 16.46 0.007 

Interaction 0.0339 2 0.0169 0.99 0.425 

Within 0.1025 6 0.0171   

Total 0.4796 11       

  
Table A33. Two factor analysis of variance of the concentration of phenolics in plants grown 
at Richmond and Patho in 2015 / 2016. Location had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.247 2 0.124 1.11 0.389 

Location 13.434 1 13.434 120.61 0.000 

Interaction 0.620 2 0.310 2.78 0.14 

Within 0.668 6 0.111   

Total 14.970 11       

 
Table A34. Two factor analysis of variance of the concentration of flavonoids in plants grown 
at Richmond and Patho in 2015 / 2016. Location and the interaction of selection and location 
had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.0061 2 0.0031 3.29 0.108 

Location 0.0566 1 0.0566 60.99 0.000 

Interaction 0.0388 2 0.0194 20.89 0.002 

Within 0.0056 6 0.0009   

Total 0.1070 11       

 

  



51 

Table A35. Two factor analysis of variance of fresh weight yield of whole 2 m plots of the 
multiple harvest trial at Richmond in 2015 / 2016. Harvests had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 4.069 2 2.035 2.65 0.091 

Harvests 99.208 1 99.208 129.05 0.000 

Interaction 0.928 2 0.464 0.60 0.555 

Within 18.450 24 0.769   

Total 122.655 29       

 

Table A36. Two factor analysis of variance of dry weight yield of whole 2 m plots of the 
multiple harvest trial at Richmond in 2015 / 2016. Harvests had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.2474 2 0.1237 1.97 0.161 

Harvests 0.6398 1 0.6398 10.21 0.004 

Interaction 0.0181 2 0.0091 0.14 0.866 

Within 1.5046 24 0.0623   

Total 2.4099 29       

 

Table A37. Two factor analysis of variance of the number of fruit heads per plant as affected 
by multiple harvests in 2015 / 2016. Harvests had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 3 325 2 1 662 0.05 0.955 

Harvests 2 169 291 1 2 169 291 60.12 0.000 

Interaction 28 637 2 14  319 0.40 0.677 

Within 866 050 24 36085   

Total 3 067 304 29       

 

Table A38. Two factor analysis of variance of the concentration of terpenoids in plants of the 
multiple harvests trial at Richmond in 2015 / 2016. Harvests had a significant effect and the 
interaction of selection and harvests was significant. 

Source of 
Variation SS df MS F P-value 

Selection 0.0236 2 0.0118 2.22 0.151 

Harvests 0.1059 3 0.0353 6.64 0.007 

Interaction 0.1825 6 0.0304 5.72 0.005 

Within 0.0638 12 0.0053   

Total 0.3758 23       
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Table A39. Two factor analysis of variance of the concentration of phenolics in plants of the 
multiple harvests trial at Richmond in 2015 / 2016. Selection and harvests had significant 
effects. 

Source of 
Variation SS df MS F P-value 

Selection 1.633 2 0.8166 4.98 0.027 

Harvests 5.284 3 1.7614 40.73 0.001 

Interaction 1.339 6 0.2232 1.36 0.305 

Within 1.969 12 0.1641   

Total 10.226 23       

  
Table A40. Two factor analysis of variance of the concentration of flavonoids in plants of the 
multiple harvests trial at Richmond in 2015 / 2016. Harvests had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.0093 2 0.0047 1.74 0.216 

Harvests 0.2886 3 0.0952 35.51 0.000 

Interaction 0.0205 6 0.0034 1.27 0.338 

Within 0.0322 12 0.0027   

Total 0.3476 23       

  
 
Table A41. Two factor analysis of variance of fresh weight yield of whole 2 m plots of the 
planting date trial at Richmond in 2015 / 2016. Planting date had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 3.632 2 1.816 1.96 0.156 

Planting date 15.780 2 7.890 8.51 0.001 

Interaction 10.719 4 2.680 2.89 0.036 

Within 33.392 36 0.927   

Total 63.523 44       

 

Table A42. Two factor analysis of variance of dry weight yield of whole 2 m plots of the 
planting date trial at Richmond in 2015 / 2016. There was a significant interaction between 
selection and planting date. 

Source of 
Variation SS df MS F P-value 

Selection 0.1964 2 0.0982 2.97 0.064 

Planting date 0.0986 2 0.0493 1.49 0.239 

Interaction 0.5141 4 0.1285 3.88 0.010 

Within 1.1914 36 0.0331   

Total 2.0006 44    
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Table A43. Two factor analysis of variance of the number of fruit heads per plant as affected 
by planting date in 2015 / 2016. Planting date had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 57 252 2 28 626 0.68 0.515 

Planting date 3 718 895 2 
1 859 

448 43.96 0.000 

Interaction 152 193 4 38 048 0.90 0.474 

Within 1 522 637 36 42 295   

Total 5 450 977 44       

 

Table A44. Two factor analysis of variance of the fresh weight of plants treated with plant 
growth regulators in a greenhouse in 2015 / 2016. Selection had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 91 450 2 45 725 5.00 0.008 

PGR treatment 36 803 3 12 267 1.34 0.265 

Interaction 77 847 6 12 974 1.42 0.214 

Within 987 675 108 9 145   

Total 1 193 775 119    

  
 
Table A45. Two factor analysis of variance of the dry weight of plants treated with plant 
growth regulators in a greenhouse in 2015 / 2016. Selection had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 1 575 2 787.6 6.00 0.003 

PGR treatment 197 3 65.8 0.50 0.682 

Interaction 964 6 160.6 1.22 0.299 

Within 14 172 108 131.2   

Total 16 908 119    

  
Table A46. Two factor analysis of variance of the number of fruit heads per plant as affected 
by plant growth regulator application in a greenhouse in 2015 / 2016. Selection had a 
significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 1 191 048 2 595 524 3.11 0.049 

PGR treatment 1 340 864 3 446 955 2.33 0.078 

Interaction 1 780 416 6 296 736 1.55 0.170 

Within 20 710 050 108 191 760   

Total 25 022 378 119    

  
  



54 

Table A47. Two factor analysis of variance of the concentration of terpenoids in plants as 
affected by plant growth regulator application in a greenhouse in 2015 / 2016. PGR treatment 
and selection had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.04932 2 0.0247 5.39 0.021 

PGR treatment 0.06188 3 0.0206 4.51 0.024 

Interaction 0.01746 6 0.0029 0.64 0.700 

Within 0.05490 12 0.0046   

Total 0.18356 23    

  
Table A48. Two factor analysis of variance of the concentration of phenolics in plants as 
affected by plant growth regulator application in a greenhouse in 2015 / 2016. PGR treatment 
had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 1.0283 2 0.5142 2.69 0.108 

PGR treatment 2.9216 3  0.9739 5.10 0.017 

Interaction 0.8105 6 0.1351 0.71 0.650 

Within 2.2914 12 0.1909   

Total 7.0518 23    

  
 
Table A49. Two factor analysis of variance of the concentration of flavonoids in plants as 
affected by plant growth regulator application in a greenhouse in 2015 / 2016. PGR treatment 
had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.00215 2 0.00107 2.20 0.153 

PGR treatment 0.01791 3 0.00597 12.24 0.000 

Interaction 0.00406 6 0.00068 1.39 0.295 

Within 0.00585 12 0.00049   

Total 0.02996 23    

  
Table A50. Two factor analysis of variance of the number of fruit heads per plant during the 
2015 / 2016 growing season. Selection had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 6 592 2 3 296 0.02 0.985 

Time from planting 48 602 946 11 4 418 450 19.95 0.000 

Interaction 3 002 738 22 136 488 0.62 0.899 

Within 15 942 811 72 221 428   

Total 67 555 088 107    
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Table A51. Two factor analysis of variance of the dry weight of plants during the 2015 / 2016 
growing season. Selection and time from planting had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 2 422 2 1 211 3.78 0.024 

Time from planting 257 234 11 12 275 73.07 0.000 

Error 61 769 193 320   

Total 321 424 206    

  
Table A52. Two factor analysis of variance of the percentage of total weight as stems during 
the 2015 / 2016 growing season. Time from planting and selection had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 39.24 2 19.62 4.25 0.031 

Time from planting 481.72 2 240.87 52.14 0.000 

Interaction 48.61 4 12.15 0.07 0.068 

Within 83.15 18 4.62   

Total 652.73 26    

  
 
Table A53. Two factor analysis of variance of the percentage of total weight as leaves during 
the 2015 / 2016 growing season. Time from planting and selection had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 1.96 2 0.96 0.20 0.824 

Time from planting 843.23 2 421.61 85.56 0.000 

Interaction 104.08 4 26.02 5.28 0.005 

Within 88.69 18 4.93   

Total 1 037.92 26    

 

Table A54. Two factor analysis of variance of the percentage of total weight as fruit heads 
during the 2015 / 2016 growing season. Time from planting and selection had significant 
effects. 

Source of 
Variation SS df MS F P-value 

Selection 33.74 2 16.87 6.87 0.006 

Time from planting 74.35 2 37.17 15.15 0.000 

Interaction 20.32 4 5.08 2.07 0.127 

Within 44.16 18 2.45   

Total 172.57 26    
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Table A55. Two factor analysis of variance of the concentration of terpenoids in plants during 
the 2015 / 2016 growing season. Selection and time from planting had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.0807 2 0.4035 39.83 0.000 

Time from planting 0.1648 2 0.0824 8.14 0.003 

Interaction 0.0930 4 0.0240 2.37 0.091 

Within 0.1823 18 0.0101   

Total 1.2503 26    

  
 
Table A56. Two factor analysis of variance of the concentration of phenolics in plants during 
the 2015 / 2016 growing season. Selection had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 11.3792 2 5.690 14.45 0.000 

Time from planting 0.8938 2 0.447 1.13 0.343 

Interaction 4.0313 4 1.008 2.56 0.074 

Within 7.0886 18 0.394   

Total 23.3930 26    

  
 
Table A57 Two factor analysis of variance of the concentration of flavonoids in plants during 
the 2015 / 2016 growing season. Time from planting had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.0015 2 0.0008 1.09 0.358 

Time from planting 0.0059 2 0.0029 4.18 0.032 

Interaction 0.0075 4 0.0019 2.65 0.067 

Within 0.0127 18 0.0007   

Total 0.0276 26    

  
Table A58. Two factor analysis of variance of the fresh weight of whole 2 m plots protected 
by pesticide application or untreated during 2015 / 2016. Selection, pesticide application and 
their interaction had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 4.80 2 2.399 3.70 0.040 

Pesticide treatment 176.76 1 176.763 272.83 0.000 

Interaction 6.07 2 3.037 4.69 0.019 

Within 15.55 24 0.648   

Total 203.19 29    
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Table A59. Two factor analysis of variance of the dry weight of whole 2 m plots protected by 
pesticide application or untreated during 2015 / 2016. Selection and pesticide application had 
significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 0.366 2 0.183 5.06 0.015 

Pesticide treatment 5.753 1 5.753 159.29 0.000 

Interaction 0.155 2 0.077 2.14 0.139 

Within 0.867 24 0.036   

Total 7.140 29    

 

Table A60. Two factor analysis of variance of the number of fruit heads per plant protected 
by pesticide application or untreated during 2015 / 2016. Pesticide application had a 
significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 3 361 2 1 681 0.20 0.823 

Pesticide treatment 918 018 1 918 018 107.47 0.000 

Interaction 17 084 2 8 542 1.00 0.383 

Within 205 002 24 8 542   

Total 1 143 465 29    

 

Table A61. General linear models analysis of variance of the fresh weight of plants of 
selections A, N, and P during the 2016 / 2017 growing season. Planting date had a 
significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 1.05 2 0.528 0.22 0.024 

Planting date 495.53 9 55.058 22.80 0.000 

Error 297.09 123 2.415   

Total 793.26 134    

  
Table A62. General linear models analysis of variance of the dry weight of plants of 
selections A, N, and P during the 2016 / 2017 growing season. Planting date had a 
significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.162 2 0.081 0.74 0.480 

Planting date 51.156 9 5.684 51.87 0.000 

Error 13.477 123 0.109   

Total 61.672 134    
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Table A63. General linear models analysis of variance of the number of fruit heads per plant 
of selections A, N, and P during the 2016 / 2017 growing season. Planting date had a 
significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 678 613 2 339 306 0.50 0.609 

Planting date 55 870 671 9 6 207 852 9.12 0.000 

Error 106 238 693 156 681 017   

Total 162 665 450 167    

 

Table A64. General linear models analysis of variance of the fresh weight of plants from the 
multiple harvest trial in 2016 / 2017. Selection and harvests had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 17.96 2 8.98 8.00 0.003 

Harvests 219.87 3 73.29 65.30 0.000 

Error 22.45 20 1.12   

Total 259.17 25    

  
Table A65. General linear models analysis of variance of the dry weight of plants from the 
multiple harvest trial in 2016 / 2017. Selection and harvests had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 1.074 2 0.537 6.28 0.008 

Harvests 24.154 3 8.051 94.07 0.000 

Error 1.712 20 0.086   

Total 26.488 25    

  
Table A66. General linear models analysis of variance of the fresh weight of plants from the 
perenniality trial in 2016 / 2017. Planting date had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 13.39 2 6.69 1.34 0.275 

Planting date 153.50 2 76.75 15.34 0.000 

Error 180.13 36 5.00   

Total 343.89 40    

  
Table A67. General linear models analysis of variance of the dry weight of plants from the 
perenniality trial in 2016 / 2017. Planting date had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 0.306 2 0.153 0.31 0.737 

Planting date 16.668 2 8.334 16.79 0.000 

Error 17.371 35 0.496   



59 

Total 34.412 39    
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Table A68. General linear models analysis of variance of the number of fruit heads per plant 
from the perenniality trial in 2016 / 2017. Planting date had a significant effect. 

Source of 
Variation SS df MS F P-value 

Selection 941 143 2 470 571 0.74 0.481 

Planting date 26 403 862 2 13 201 931 20.89 0.000 

Error 25 274 783 40 631 870   

Total 52 619 788 44    

  
Table A69. General linear models analysis of variance of the fresh weight of plants from the 
germplasm trial in 2016 / 2017. Selection and planting date had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 146.9 16 9.181 3.27 0.000 

Planting date 162.4 6 27.064 9.64 0.000 

Error 348.2 124 2.808   

Total 981.9 146    

  
Table A70. General linear models analysis of variance of the dry weight of plants from the 
germplasm trial in 2016 / 2017. Selection and planting date had significant effects. 

Source of 
Variation SS df MS F P-value 

Selection 9.249 16 0.578 4.76 0.000 

Planting date 7.718 6 1.286 10.59 0.000 

Error 15.062 124 0.122   

Total 32.596 146    

  
Table A71. General linear models analysis of variance of the number of fruit heads per plant 
of plants from the germplasm trial in 2016 / 2017. Selection and planting date had significant 
effects. 

Source of 
Variation SS df MS F P-value 

Selection 59 708 471 14 4 264 891 4.60 0.000 

Planting date 122 661 055 9 13 629 006 14.69 0.000 

Error 253 327 969 273 627 941   

Total 494 696 207 296    
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Appendix B Chromatograms 

 
Figure A01. HPLC chromatograms of extracts from C. cunninghamii selection A showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 
 

 
Figure A02. HPLC chromatograms of extracts from C. cunninghamii selection N showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A03. HPLC chromatograms of extracts from C. cunninghamii selection P showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 
 

 
Figure A04. HPLC chromatograms of extracts from C. cunninghamii accession B showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A05. HPLC chromatograms of extracts from C. cunninghamii accession V44 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 

 
Figure A06. HPLC chromatograms of extracts from C. cunninghamii accession V45 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A07. HPLC chromatograms of extracts from C. cunninghamii accession V46 showing 
terpenoids (at 210 nm top), flavonoids (at 330 nm middle) and phenolics (at 360 nm bottom). 
 
 

 
Figure A08. HPLC chromatograms of extracts from C. cunninghamii accession V47 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A09. HPLC chromatograms of extracts from C. cunninghamii accession Q32 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 

 
Figure A10. HPLC chromatograms of extracts from C. cunninghamii accession Q74A 
showing terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm 
bottom). 
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Figure A11. HPLC chromatograms of extracts from C. cunninghamii accession Q74B 
showing terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm 
bottom). 
 
 

 
Figure A12. HPLC chromatograms of extracts from C. cunninghamii accession W22 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A13. HPLC chromatograms of extracts from C. cunninghamii accession W31 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 

 
Figure A14. HPLC chromatograms of extracts from C. crateriformis accession V15 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A15. HPLC chromatograms of extracts from C. crateriformis accession V15 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 
 

 
Figure A16. HPLC chromatograms of extracts from C. minima accession MCD showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A17. HPLC chromatograms of extracts from C. minima accession MABG showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 

 
Figure A18. HPLC chromatograms of extracts from C. minima accession MGA showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A19. HPLC chromatograms of extracts from C. elatinoides accession E33 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 
 

 
Figure A20. HPLC chromatograms of extracts from C. nidiformis accession W21 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Figure A21. HPLC chromatograms of extracts from C. pleiocephela accession V59 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
 

 
Figure A22. HPLC chromatograms of extracts from C. racemosa accession R60 showing 
terpenoids (at 210 nm top), phenolics (at 330 nm middle) and flavonoids (at 360 nm bottom). 
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Appendix C Plant Descriptions 

Descriptions of all selections, accessions and species are based on those Walsh (2001). 
Also included are minor phenotypic variations observed between accessions.   

Centipeda cunninghamii (DC.) A. Braun & Asch. 

Selection A 

Origin: Central Victoria 

An erect or ascending perennial; height 30cm. Leaf length 10-18mm, width 3-5mm, internode 
length 3-12mm, concolorous, resin dotted surfaces, glabrous to subglabrous, some cottony 
towards the base, serrate margins are 10-13 toothed. Older leaves are oblong, younger are 
narrowly obovate. Capitula diameter 6-7mm at maturity, biconvex to hemispherical in shape, 
sessile, mostly solitary with some doubles, sympodial growth of subtending shoots has them 
appearing to occur in leaf and branch axils. Cypsela length 1.5-1.6mm, concave in shape, 
resin dotted with 4 hair-lined ribs. 

 

Figure A23. C. cunninghammii selection A. 
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Selection N 

Origin: Nagambie, VIC 

From Part 1 of project, selected for its more prostrate habit compared to Selections A and P. 
Prostrate to slightly erect perennial, 30cm in height. Has larger capitula and thicker and fewer 
stems than selections A and P. Leaf length 11-20mm width 3-6.5mm, internode length 3-
13mm. Leaf surfaces glabrous to subglabrous, resin dotted, serrate, 8-13 toothed, older 
leaves oblong, younger narrowly obovate. Capitula diameter 7-8mm, biconvex-
hemispherical, sessile, mostly solitary with some doubles, occurring in branch and leaf axils. 
Cypsela length 1.8-2mm, 4 ribbed, concave faces lined with trichomes. 

 

Figure A23. C. cunninghammii selection N. 
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Selection P 

Origin: Central Victoria 

Erect to slightly prostrate, 30-35cm in height, more erect with finer and more numerous stems 
than selection N. Leaf length 12-15mm, width 2.5-3mm, internode length 4-10mm. Both 
adaxial and abaxial surfaces glabrous, resin dotted, cottony at base, toothed (5-10) or 
serrate, narrowly obovate. Capitula diameter 4.5-5mm, biconvex, sessile solitary, some 
doubles, occurring in leaf and branch axils, 3-5 involucral bracts, 10mm in length. Cypsela 
length 1.5mm, width 0.25mm, faces scattered with trichomes, truncate apex, 4 hair-lined ribs. 

 

Figure A24. C. cunninghammii selection P. 
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Accession B 

Origin: Berrima, NSW 

Very similar in habit to Selections A and P although a little shorter in height to 25cm and 
slightly more prostrate though not as prostrate as Selection N. Leaf 10-14mm, width 3-5mm, 
internode length 3-10mm. Surfaces concolorous, subglabrous, resin dotted, 8-10 toothed, 
obovate. Stems a little cottony in leaf axils. Capitula diameter 5-6mm, biconvex, sessile, 
mainly solitary with a few doubles, occurring in leaf and branch axils. Cypsela length 1.3-
1.5mm, apex obtuse, 4 hair-lined ribs faces scattered with trichomes. 

 

Figure A25. C. cunninghammii accession B. 
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Accession Q32 

Origin: Adavale, QLD 

Erect to prostrate though less prostrate than Q74, growing to 30cm high. Plant habit more 
like Selections A and P with thinner and finer stems than Q74 and N. Colour a lighter green 
than A, N, and P. Leaf length 16-20mm, width 3-4mm, internode length 3-13mm, surfaces 
semi glabrous, resin dotted, obovate in shape. Capitula 6-6.5mm in diameter, biconvex, 
sessile, mostly solitary with some doubles, occurring in leaf and branch axils. Cypsela length 
1.5mm, 4 hair-lined ribs, all surfaces dotted with trichomes. 

 

Figure A26. C. cunninghammii accession Q32. 
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Accession Q74A 

Origin: Adavale, QLD 

Erect to prostrate perennial, 25cm in height, becoming more prostrate as plants mature and 
branches fill with capitula. Similar to Selection N with larger capitula and thicker stems than 
Selections A and P. Colour is lighter green than A, N, and P. Leaf length 15-18mm, width 
4.5-5mm, internode length 3-13mm, subglabrous on adaxial and abaxial surfaces, resin 
dotted, 13 toothed, oblong to slightly obovate in shape. Capitula diameter 6.5-7.5mm, 
biconvex, sessile, mostly solitary some with some doubles, occurring in leaf and branch axils. 
Cypsela length 2-2.2mm, 4 hair-lined ribs, all surfaces scattered with trichomes. Selection 
Q74A was a single plant selection from Q74 grown in pots in Year 2. The capitula on this 
plant were larger than those of other Q74 plants hence the subdivision of Q74 to Q74A and 
B. 

 

Figure A27. C. cunninghammii accession Q74A. 
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Accession Q74B 

Origin: Adavale, QLD 

Erect to prostrate perennial, though less prostrate than Q74A, growing to 30cm high. Also 
similar to Selection N though capitula are smaller than Q74A. Colour lighter green than A, N, 
and P. Appearance very similar to Q74A differing only in capitula and leaf dimensions and 
slightly different growth habit as described. Leaf length 13-15mm, width 3.5-4mm, internode 
length 3-13mm, surfaces subglabrous, resin dotted, 10-13 toothed, oblong to slightly 
obovate. Capitula diameter 6-6.5mm, biconvex, sessile, mostly solitary with some doubles 
occurring in leaf and branch axils. Cypsela length 1.5mm, 4 hair-lined ribs, all surfaces with 
trichomes. Q74B was all of the plants grown in pots from seed of Q74 in Year 2, not including 
Q74A. 

 

Figure A28. C. cunninghammii accession Q74B. 
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Accession V44 

Origin: Serendip Sanctuary, Lara, VIC 

Habit erect to ascending, 30cm in height. Seedlings with distinct red stems and dark green 
leaves. Mature plants are more similar to A, N, and P although stems are a little darker and 
new growth is darker green. Plants less dense than Selections A and P but have finer stems 
than Selection N. Leaf length 10-13mm, width 4.5-5mm, internode length 3-13mm, surfaces 
subglabrous, resin dotted, 6-8 toothed, narrowly obovate in shape. Capitula diameter 6mm, 
biconvex, sessile, mostly solitary with some doubles, occurring in leaf and branch axils. 
Cypsela length 1.5-1.7mm, width 0.25mm, scattered with trichomes, 4 hair-lined ribs. 

 

Figure A29. C. cunninghammii accession V44. 

  



80 

Accession V45 

Origin: Serendip Sanctuary, Lara, VIC 

Very similar habit to V44, erect to ascending, 30cm in height. Seedling stems not as red as 
V44, new growth on mature plants darker green then A, N, and P. Plants less dense than A 
and P but with finer stems than N. Leaf length 12-15mm, width 5-6mm, internode length 3-
13mm, resin dotted, subglabrous surfaces, 6-10 toothed, narrowly obovate. Capitula 
diameter 6mm, biconvex, sessile, mostly solitary with some doubles, occurring in leaf and 
branch axils. Cypsela length 1.5-1.7mm, width 0.3-0.4mm, surfaces scattered with trichomes, 
apex truncate, 4 hair-lined ribs. 

 

Figure A30. C. cunninghammii accession V45. 
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Accession V46 

Origin: Wallan, VIC 

Erect to slightly prostrate habit, c. 30cm high, similar to Selections A and P although many 
capitula with diameters in the higher end of the size range. Leaf length 13-16mm, width 4-
5mm, internode length 3-13mm, subglabrous, concolorous, resin dotted, 7-10 toothed, 
oblong to obovate. Cypsela diameter 6.5-7.5mm, biconvex, sessile, solitary, occurring in 
branch and stem axils. Cypsela length 1.8mm, surfaces scattered with trichomes, 4 hair-lined 
ribs. 

 

Figure A31. C. cunninghammii accession V46. 
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Accession V47 

Origin: Grampians, VIC 

Plant habit erect to slightly prostrate, 30cm high, similar to Selections A and P. Leaf length 9-
14mm, width 3-4.5mm, internode length 2-10mm, surfaces subglabrous, resin dotted, 
obovate to narrowly obovate, 7-9 toothed. Capitula diameter 5.2-6mm, biconvex, sessile, 
mostly solitary with some doubles, occurring in branch and leaf axils. 

 

Figure A32. C. cunninghammii accession V47. 
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Accession W22 

Origin: West Wyalong, NSW 

Similar habit to A and P, erect to slightly prostrate, to 20cm high. A notable difference to 
other selections are narrower leaves. Leaf length 13-20mm, width 2-3mm, internode length 
2-14mm. Surfaces subglabrous, abaxial surface slightly paler green, resin dotted, narrowly 
obovate, serrate, 7-10 toothed. Capitula diameter 5.6-6.1mm, biconvex, sessile, mostly 
solitary with some doubles, occurring in leaf and branch axils. 

 

Figure A33. C. cunninghammii accession W22. 
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Accession W31 

Origin: Coolah Tops, NSW 

Erect or ascending perennial; height 30cm, very similar in habit to A and P. Leaf length 12-
16mm, width 3-4mm, internode length 3-12mm, surfaces subglabrous, resin dotted, narrowly 
obovate, 7-10 toothed. Capitula diameter 5.3-6.3mm, biconvex, sessile, mostly solitary with 
some doubles, occurring in leaf and branch axils. Cypsela length 1.1-1.4mm, 4 hair-lined ribs 
though fewer hairs than other selections. 

 

Figure A34. C. cunninghammii accession W31. 
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Centipeda crateriformis N.G.Walsh subsp. crateriformis  

Accession V15 

Origin: Yarrara, VIC 

Prostrate to sub-erect habit with multiple branches starting from the base, height to 15cm. 
With maturity habit is more mat-forming as branches become heavily laden with capitula. 
Leaf length 7-9mm, width 2.5-3.5mm, internode length 3-6mm, glabrous, concolorous, both 
surfaces resin-dotted; apical leaves cottony, 7-8 toothed; spathulate, some more narrowly 
spathulate. Capitula diameter 4.5-9mm, slightly domed, less globular/ biconvex than C. 
cunninghamii, some flat-topped, yet slightly domed others cup-shaped, mostly solitary with 
the odd double, sessile, occurring in leaf and branch axils, hard and solidly intact at maturity 
not disintegrating like C. cunninghamii. Cypsela length 2.5-3mm with hair-lined ribs and 
scattered with trichomes. 

 

Figure A35 C. crateriformis subsp. crateriformis accession V15. 
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Accession V53 

Origin: Little Desert National Park, VIC 

As for V15 with prostrate to sub-erect habit with multiple branches starting from the base, 
height to 15cm. All other traits as for V15. 

 

Figure A36. C. crateriformis subsp. crateriformis accession V53. 

  



87 

Centipeda elatinoides (Less.) Benth. & Hook.f. ex O.Hoffm 

Accession E33 

Origin: Lake Leake, TAS 

A flat growing groundcover. Plant prostrate, creeping, rooting at nodes, c. 3cm high, very 
dense, glabrous. This species has a very distinctive difference in aroma to Centipeda 
cunninghamii. Leaf length 10-14mm, width 3.5-5mm, internode length 3-12mm, glabrous, 
slightly paler on the abaxial surface, resin dotted, 4-6 toothed, obovate in shape. Capitula 
diameter 4-5mm, hemispherical, pedunculate, peduncle 3-4mm in length, solitary, readily 
disintegrating at maturity. Cypsela length 1-1.5mm, rounded to obtuse at apex, scattered with 
trichomes. 

 

Figure A37 C. elatinoides accession E33. 
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Centipeda minima (L.) A.Braun & Asch. subsp. minima 

Accession MABG 

Origin: Mt Annan, NSW 

Very fine, delicate, highly branched (tangled), prostrate annual to c. 10cm high. When grown 
through winter it was very susceptible to powdery mildew. Leaf length 12-24mm, width 4-
8mm, internode length 3-9mm, abaxial and adaxial surfaces glabrous, spathulate, shallowly 
incised (approx. 5), not sharply toothed like some C. cunninghamii selections. Capitula 
diameter 1.5-3mm, hemispherical, sessile, solitary with a few doubles, some pedunculate, 
peduncle length 1-2mm occurring at the nodes in the leaf and branch axils, some opposite 
the leaf nodes. Cypsela length 1mm. Stems glabrous but cottony around growing tips and 
some nodes/axils. 

 

Figure A38. C. minima subsp. minima accession MABG. 
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Accession MCD 

Origin: Richmond, NSW 

A prostrate, fine, delicate, highly branched annual to c. 10cm high, very similar to MABG. 
Powdery mildew susceptibility unknown as not grown through winter. Leaf length 9-15mm, 
width 3-6mm, internode length 2-10mm, both surfaces glabrous with scattering of fine hairs 
and resin particularly on the mid vein of the abaxial surface, shallowly incised (5), spathulate. 
Capitula diameter 2-3.5mm, hemispherical, sessile, solitary with very occasional double, 
some pedunculate and stems cottony as for MABG. Cypsela length 1mm. 

 

Figure A39. C. minima subsp. minima accession MCD. 
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Accession MGA 

Origin: Prospect, NSW 

Very fine, delicate and multi-branched annual forming a semi-dense mat, though not as 
dense as C. elatinoides, c.10cm high, very similar to MABG and MCD. Powdery mildew 
susceptibility unknown as not grown over winter. Leaf length 11-19mm, width 4-6mm, 
internode length 3-12mm, both surfaces glabrous with scattering of fine hairs and resin 
particularly on the mid vein of the abaxial surface, incised (4-7), kite shaped, obovate. 
Capitula diameter 3-4mm, hemispherical, mostly sessile, solitary, some pedunculate, 
peduncle length 1-2mm, occurring at leaf nodes though not all nodes. 

 

Figure A40. C. minima subsp. minima accession MGA. 
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Centipeda nidiformis N.G.Walsh 

Accession W21 

Origin: West Wyalong, NSW 

Decumbent to ascending, to 5cm high, very delicate stems, small cottony leaves and stems, 
lighter green than C. cunninghamii. Leaf length 3-8.5mm, width 1.5-4mm, internode length 2-
8mm, subglabrous, trichomes on abaxial surface particularly on mid vein, margins subentire 
to slightly toothed (6-8), spathulate with narrow base commonly longer than the upper 
broader part of the lamina. Capitula diameter 5-5.5mm, globular to hemispherical, sessile, 
solitary, occurring towards the upper stem, very soft, readily disintegrating prior to stem 
senescence. 

 

Figure A41. C. nidiformis accession W21. 
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Centipeda pleiocephala N.G.Walsh 

Accession V59 

Origin: Nathalia, VIC 

Habit erect to slightly prostrate to 20cm high, rooting at lower nodes. Leaves and stems 
much finer and darker green than C. cunninghamii as well as in general being more delicate 
and less robust. Powdery mildew susceptible. Leaf length 8-12mm, width 1.5-2mm, internode 
length 3-8mm, subglabrous, dark green, concolorous, resin dotted, 6 toothed. Capitula 
diameter up to 5mm, hemispherical, inflorescences axillary in groups of 2-3 with the lower 1-
2 capitula sessile, upper with peduncle 2mm in length. Cypsela length 1-1.2mm, long and 
narrow with hair-lined ribs. 

 

Figure A42. C. pleiocephala accession V59. 
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Centipeda racemosa (Hook.) F.Muell. 

Accession R60 

Origin: Tanami Region, NT 

General habit erect to 30cm in height with much finer stems and leaves than C. 
cunninghamii. Leaves erect, narrower and slightly bluer in colour than C. cunninghamii. Leaf 
length 4-15mm width 1.5-5mm, internode length 3-13mm, subglabrous, darker green on 
adaxial surface, 10-12 toothed, serrate, acute teeth incised further to the mid rib than C. 
cunninghamii, oblong, slightly tapered at tip, stems a little cottony at nodes. Capitula 
diameter 3.6-4.5mm, domed to hemispherical, inflorescences racemose, occurring in leaf 
axils on upper stem only (compared with C. cunninghamii occurring also on lower stems) as 
well as terminal with 2-3 capitula, peduncles 0.5-5mm in length. Cypsela length 1.2-1.5mm. 

 

Figure A43. C. racemosa accession R60. 
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Appendix D Pests, Diseases, Other Insects 

Pest / Disease Control Agent Active constituent 

 Insecticide  

Mites Abamectin

 18g/L Abamectin 

Leafhopper, aphid, leaf miner Confidor

 200SC 200g/L Imidacloprid 

Aphid Mavrik

 7.5g/L Tau-Fluvalinate 

Leafhopper PestOil™ 815g/L Paraffinic Oil 

Aphid, leaf miner Pirimor

 500g/Kg Pirimicarb 

Leafhopper Strike-out

 500g/L Chlorpyrifos 

Leafhopper Webzone

 100g/L Bifenthrin 

 Biological 

 

 

Light brown apple moth Dipel

 

32000 International Units 

Bacillus thuringiensis subsp 

kurstaki (H-3a, 3b HD1) /mg 

 

Two-spotted mite Predatory mite Phytoseiulus persimilis 

Sclerotinia Tricho-Shield

 

Trichoderma harzianu, 

Trichoderma lignorum & 

Trichoderma koningii 

  

Other insects present, but not controlled  

Rutherglen bug Lygaeidae  

Hover fly Syrphidae  

Vespid wasp Vespidae  

Parasitic wasp Ichneumonidae  

Horse fly Tabanidae  

Geometer moth Geometridae  

Witchetty grub Cerambycidae  
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