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Can the promise of Australia’s native flower industry be realized? – A paper 
to stimulate discussion. 
 
Daryl C. Joyce 
Centre for Native Floriculture, The University of Queensland, Gatton, Qld 4343 
d.joyce@uq.edu.au 
 
ABSTRACT 

The economic potential of a vibrant Australian native floriculture industry based on 
Australia’s diverse and unique native flora has long been touted.  However, despite this 
apparent promise, industry growth has not met expectations.  Drawing from experience in 
industry-focused postharvest cut-flower research and development, the author presents a 
strengths, weaknesses, opportunities and threats (SWOT) analysis.  The failed Universal-
Waldeck Ltd. flower farm venture of the 1980s-early 1990s in WA is noted to exemplify the 
vision and technical achievements once encompassed in the boldest of all Australian native 
floriculture ventures.  By way of contrast, a relatively small-scale, but sustainable, community 
native orchid venture in China is reported.  A simple conceptual model for an economically 
sustainable native floriculture industry is proposed.  The model is based on development of the 
highly successful Israeli floriculture industry.  Important human elements of the model are co-
operation, collaboration, trust, and government assistance.  These elements may not, however, 
be compatible with the Australian psychic, business practices and government policy. 
 
INTRODUCTION 
 The economic potential of a vibrant Australian native floriculture industry has long 
been touted.  However, industry growth has not met expectations.  In 1994, Freeman stated - 
“A recent flower industries survey (Karingal Consultants and Associates, 1994) indicates that 
by the year 2000, wildflower exports will be worth A$74 - 100 million in 1993 dollars.” (A$87 
- 117 million in year 2000 dollars; CPI-adjusted).  This expectation (cf. Figure 1; A$31 million 
in 1999/2000) remains unrealised to date.  Nonetheless, it has been suggested that exports 
reached over A$55 million by 2002 (A$51 million in year 2000 dollars) (AFEC 2005). 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  The early rapid growth in value of the export industry based on native flowers 
has not been maintained (LHS panel).  Moreover, investment in research and 
development in support of this industry has diminished (RHS panel) (RIRDC 2004). 
 
 Based on experience in postharvest cut-flower research and development in 
collaboration with industry, a key current strengths, weaknesses, opportunities and threats 
(SWOT) analysis for the Australian native floriculture industry is offered by the author (Table 
1).  It is suggested that current limitations may largely be overcome by closer business co-
operation among industry members and with government agencies, including those that offer 
support for infrastructure development. 
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B. R&D Investment in native floriculture

0

200

400

600

800

1000

1200

95/9
6

96/9
7

97/9
8

98/9
9

99/0
0

Financial year

$ 
th

o
u

sa
n

d

RIRDC

Res. Org.

Industry

 



 5 

 
Table 1.  Key current strengths, weaknesses, opportunities and threats (SWOT) for the 
Australian native floriculture industry. 
________________________________________________________________________ 
Strengths: 
 Dedicated industry members (e.g. native plant enthusiasts) 
 Unique native flora (e.g. thousands of species) 
 Climatically and edaphically diverse country (e.g. gradients on the East coast) 
Weaknesses: 
 Limited financial resources (e.g. no interest by venture capitalists) 
 Aging producer base (e.g. few young people entering the industry) 
 ‘Fuzzy’ market focus (e.g. growers have little contact with consumers) 
 Piecemeal new product development (e.g. few long-term programs) 
 Limited co-operation and representation (e.g. no national peak industry body) 
 Poor state and national logistics (e.g. farms in ‘out of the way’ places) 
 Declining support-skills base (e.g. little or no Agric. Dept. support in Vic) 
Opportunities: 
 Strong world demand for novel flowers (e.g. Sandersonia) 
 Adoption of successful industry models (e.g. Israeli floriculture industry model) 
 Counter seasonality (e.g. joint venture opportunities) 
 Value adding (e.g. higher packaging and presentation standards) 
Threats: 
 Competitors with lower cost structures (e.g. other southern hemisphere countries) 
 Price competition among exporters (e.g. annual competition on waxflower prices) 
 Unfavourable exchange rates (e.g. recent high value of the A$) 
 Significant distance to market (e.g. air freight necessary) 
 Adverse impacts of drought (e.g. allied increase in frost event frequency) 
 Alternative novel products (e.g. other new flowers and pot plants) 
 Diminishing market presence/profits (e.g. failure to meet market expectations) 
________________________________________________________________________ 
 
 The private investment scheme-driven Universal-Waldeck Ltd. (UWL) flower farm 
venture of the 1980’s-early 1990’s encompassed great vision and significant technical 
achievements as the boldest of all Australian native floriculture ventures to date.  At its peak, 
this huge enterprise farmed 640 ha of native flora (viz. Geraldton wax, kangaroo paw, 
banksias, etc.), operated a massive packshed with a sophisticated treatment and packing line 
plus coldstores, and engaged up to 200 employees.  However, the investment-focused UWL 
Floricultural Division based on just one farm site at Coorow in WA collapsed in 1992. 
 On a comparatively small scale, a sustainable community-based venture in China’s 
Zheijiang Province is focused on local native orchids.  Government investment was utilised to 
stimulate private investment.  Buy-in to the ‘orchid village’ involved satisfying rules for 
participation, including a minimum plant production level for each individual enterprise.  In 
addition to housing viable wholesale and retail operations, including a tissue culture laboratory 
for the community, the orchid village became a popular tourist destination (i.e. agri-tourism) – 
thereby further diversifying income streams. 
 In the light of observations in Australia and overseas, a simple conceptual model for 
developing an economically sustainable native floriculture industry is proposed (Figure 2).  
This model draws on the historical development and spectacular success of the Israeli 
floriculture industry.  Floriculture products became Israel’s leading agricultural export - about 
29% (Fedler 2002).  The Israeli industry grew impressively in value by 1.46-fold from US$130 
million to US$190 million during 1994 to 2000.  Like Australian production, Israeli product 
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comes from small farms - many less than 1 ha in area.  These farms occupy less than 2 % of 
Israel’s crop lands.  The success of the industry in Israel has been attributed to farmer expertise 
backed by private and government research and development (R&D).  Israel produces a wide 
variety of high quality flowers and foliage lines (Fedler 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  A potential model for the Australian native export flower industry.  The model 
is based on historically successful practices in Israel.  From left to right:  Growers in close 
proximity to one-another benefit from sharing regional state-of-the-art infrastructure in 
the form of a joint packshed.  More scattered growers send their flowers directly to a 
central export house.  The export house provides quality assurance and freight 
forwarding services in addition to postharvest treatment (e.g. fumigation) and handling 
(e.g. coldstorage) facilities.  An import house owned and operated by joint venture 
partners, including growers, receives product in the country of destination.  The import 
house offers re-hydration, re-packing, re-cooling, fumigation and other services.  Sales 
and marketing staff of the import house work with customers (and consumers) to sell 
product through appropriate marketing channels.  The public-private partnership 
arrangement involves government investment to assist growers in establishing a 
successful co-operative venture when private investment (e.g. venture capital) is difficult 
to obtain. 
 
 Important human elements of the suggested model (Figure 2) that might be applied 
regionally or even nationally in Australia are co-operation, collaboration, trust, and government 
assistance.  It is questionable as to whether or not these elements are compatible with the 
Australian psychic, business practices and government policy.  However, if the Australian 
native flower industry in general (and producers in particular) truly wish to capitalise on 
strengths, realise opportunities, neutralise weaknesses and minimise threats (Table 1), then the 
industry’s catch cry should possibly be ‘united we stand, divided we fall’. 
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Market research methodology for Australian native cut flowers: The case of 
Grevillea sp. varieties to Japan 
 
L. Lim-Camacho and A.J. Dunne 
Centre for Native Floriculture, The University of Queensland, Gatton, Qld 4343 
lilly.lim@uq.edu.au 
 
Keywords: Australian native flowers, grevillea sp., market research methodology, new product 
development, supply chains 
 
ABSTRACT 

In a study conducted by Lim-Camacho and Dunne (2005), market research was 
identified as critical to the process of new product development in cut flowers. While there was 
evidence of market research conducted within the native cut flower industry in Australia, the 
depth to which research was conducted was questionable. Often, research concerning 
Australian native cut flowers is limited to feedback from exporters, and in few occasions, 
importers. The real ‘market’ – florists – was not investigated, and therefore no information was 
gathered from them. This indicates that current research methodology limits the level of 
feedback gained by firms and organisations involved in the development of new products to the 
cut flower market. In 2004, the Centre for Native Floriculture commissioned a group of final 
year agribusiness students to conduct market research for several varieties of Grevillea sp. to 
the Japanese cut flower market. This paper highlights the importance of designing research 
methodology aimed at uncovering all aspects of introducing a product to an established market. 
 
BACKGROUND 

The significance of market research in introducing new floricultural products has been 
identified by Lim-Camacho and Dunne (2005). Market research assists in identifying who 
potential customers are, and what their requirements are for a new product (Lim-Camacho and 
Dunne, 2005). Such results can only be achieved through in-depth, qualitative market research 
which has been identified as lacking in application among market research studies published in 
journals (Alam, 2005).  

Reports on international markets for Australian cut flowers are available. These reports, 
such as McKinna’s (2001) study of the US and Canadian cut flower market, and the Australian 
Flower Export Council’s study of the Japanese flower market (FECA, 1997), provide 
information on trends and market structures, often generally describing the types of 
organisations present in an industry and providing a list of possible contacts. These reports are 
good sources of desktop research. They provide you with an idea of the size of the market, the 
differences in market structures and the conditions that surround them. However, they are not 
detailed enough for a firm to base marketing strategies on.  

Lim-Camacho and Dunne (2005) also identified that market research assists with 
gaining feedback on a potential product that can guide its future development. Research on the 
market potential for numerous Australian cut flowers is also available. The Australian cut 
flower best bets program (Slater and Carson, 2003) identifies a large number of potential cut 
flowers for export; however, feedback was mostly from Australian exporters on what is 
currently selling in the market and at what price. This is common practice in the Australian 
native flower industry, with research identifying that new product development in the industry 
is reliant on market feedback from flower exporters and on a few occasions, importers (Lim-
Camacho and Dunne, 2005). Detailed, qualitative research on the opinion of flower customers 
and consumers is lacking.  

The Centre for Native Floriculture, through its Value Chain Program, undertakes 
market research in order to guide and inform its Floriculture Program. In 2004, a group of final 
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year agribusiness students was commissioned to conduct market research for several varieties 
of Grevillea sp. to Australia’s largest export market for cut flowers – Japan. grevillea was 
chosen for the following reasons:  

1. Its export potential was identified in the Australian cut flower best bets program (Slater 
and Carson, 2003), and was ranked 8th based on overall future demand 

2. Members of the Centre for Native Floriculture have considerable expertise in dealing 
with grevillea as a cut flower 

3. The Centre has a strong relationship with a commercial nursery that has had a long 
standing involvement with grevillea and is able to supply the product. 
The aim of the project was to investigate the commercial potential for grevillea as a cut 

flower in the Japanese market. This paper documents the process by which market research for 
grevillea was conducted, and highlights the importance of designing research methodology 
aimed at uncovering all aspects of a market when introducing a new product. 
 
METHODOLOGY  

 The project’s methodology was designed around the objectives of the study and the 
resources available to the researchers – time, finances, sample material, and information. The 
group had three months to plan, conduct and report on the research. They had finances to fund 
a week-long trip to two cities in Japan. They had access to a grevillea plantation where sample 
material could be collected. They had limited information on the potential of grevillea as a cut 
flower, but had no data on the perception of the Japanese market on the product.  
 
The client brief: what information is needed? 

Very early on the research, the group was briefed regarding the expectations of the 
client – the Centre for Native Floriculture. The group was to present the results of the research 
through a written report and an oral presentation, for which a deadline was given. The client 
also provided a list of issues that should be addressed in the report. Some of these included: 
customer perceptions of the potential range of grevillea cut flowers, product specifications, 
estimates of market demand and conclusions concerning the potential of grevillea in the 
Japanese market, specifically, Osaka and Tokyo. The significant amount of information 
required to achieve the objectives of the research stipulated the need to conduct face to face 
interviews with as many importers, wholesalers and florists as possible.    

  
Desk top research: what information currently exists? 

Following the brief, the group then began on planning a strategy for conducting the 
research. The first step was to identify potential sources of information to achieve the 
objectives of their research. A review of previous research on grevillea identified that there was 
very limited research conducted relating to its market potential. The only identifiable 
publication was RIRDC’s “Australian cut flower best bets program” (Slater and Carson, 2003), 
where grevillea’s export potential was identified. However, the report did not contain specific 
information regarding the markets for grevillea and product specifications.  

Scientific research on appropriate stages of harvesting and extending post-harvest life 
were also available, suggesting that grevillea has a limited vase life as a cut flower. As the 
product will be taken to Japan, the group conducted a trial, simulating harvesting, post-harvest, 
storage and shipping procedures in order to gain confidence that the product will be able to 
reach Japan in a sound condition given its limited vase life.  

In addition to existing research on grevillea, the group also reviewed available data on 
the Japanese flower market. This led to the identification of the size of the market and its 
structure. The group was also able to identify a number of key players in the major flower 
markets of Japan: Tokyo and Osaka.   
 



 10 

Primary data collection: who has the information we need and how do we collect it? 
By conducting desk top research, the group was able to gain an idea of what the 

Japanese cut flower market is like and how it generally works. However, desk top research was 
not able to provide any detailed information regarding the market for grevillea, specifically. 
The group also had a limited list of companies that could possibly be contacted, with no 
contact persons within these organisations.  

Meetings and phone interviews with selected Australian exporters, and 
recommendations from the client expanded of the list of companies to visit and persons to 
interview in Tokyo and Osaka. The group needed feedback from importers, wholesalers and 
retailers in order to get a good grasp of the overall perception of grevillea as a cut flower in the 
Japanese market. The client brief stated that product specifications needed to be identified, 
along with perceptions of importers, wholesalers and retailers.  

With such a large amount of detailed information required, data collection needed to be 
conducted through face-to-face semi-structured interviews. Interviewees were asked to give 
their opinion on factors that contribute to grevillea’s potential as a cut flower in the market, 
such as perceived market value, availability of substitutes and expected price. In addition, the 
actual product, rather than photos, was taken to the meetings for interviewees to view and 
inspect. This enabled the identification of product specifications on the basis of predetermined 
key characteristics, such as stem length, colour, leaf form and flower form. Six varieties were 
assessed on the basis of their availability: Crimson Yu-Lo, Pink Parfait, Sylvia, Honey Gem, 
Golden Yu-Lo and Pink Surprise. 

A total of 18 interviews were conducted over a period of seven days– nine in Osaka and 
nine in Tokyo. The interviewees consisted of five importers, three wholesalers (auction houses) 
and 10 florists. These interviews were facilitated by an interpreter who was familiar with 
Australian native flowers and the market research methodology.  
 
RESULTS AND DISCUSSION 

Results of the study showed that perceptions of grevillea varied on the basis of role in 
the supply chain and market segment. These results, once analysed against the background of 
the firms interviewed, revealed interesting contrasts. Due to the large body of data collected 
from the research, only examples best illustrating results will be featured in this paper.   
 
Different roles, different perceptions 

The study revealed that the desired product specifications of importers, wholesalers and 
florists are not always the same. In one particular instance, preferences of an importer were 
markedly different from his customer. Table 1 shows the preferences of an importer against 
that of a florist who purchases his product through the flower auctions. The table shows a 
marked contrast, with the importer requiring a 60cm stem length, while a florist is happy to 
purchase a 30cm product because of the way it will be used. There are also distinct differences 
in the perceived value of the product – the importer valued grevillea at 20-30 Yen 
(approximately AU$0.24-0.36 at present time), while a florist valued it at 180-200 Yen 
(AU$2.20-2.45). This variation in opinion shows that it is necessary to gain feedback from all 
sectors of the market – importers, wholesalers and florists – in order to gain a thorough 
understanding of the priorities of each sector and eventually understand the market. 

An importer often sells flowers as a commodity – the business is based on selling large 
volumes of flowers in order to make a profit. The value of a new flower is largely based on a 
substitute. A florist, on the other hand, often uses a single flower to create a ‘work of art’. 
Hence, the value of that single flower is based on the total ‘artwork’ that it could potentially 
create – it is based on its use. Each sector of the market has a different perception of the value 
of a new product based on how it conducts its business and creates a profit. Market research 



 11 

should identify how a new product can create value for each sector of the market in order to 
arrive at a conclusion regarding its potential.  
 
Different markets, different requirements 

Japan is not one market. Table 2 shows an example of the variation in requirements of 
three florists – two based in Osaka and one in Tokyo. Rainbow Florist is located in a five-star 
hotel that caters mostly to wedding clientele, while Phoenix is located in a department store 
and caters to upmarket, corporate customers. Tokyu Flowers is based in Tokyo and also caters 
to upmarket corporate clientele. Tokyu Flowers and Rainbow Florist are more traditional 
florists, opting for conservative arrangements. Phoenix is more innovative and tends to lean 
towards exotic flowers. Phoenix and Rainbow Florist purchase from the same 
importer/wholesaler, while Tokyu Flowers purchases its flowers from the auction markets.   

The table shows that different market segments have different product specifications. 
Rainbow Florist and Phoenix are both based in Tokyo and purchase their products from the 
same supplier, yet their preferences on flower variety and their perceived value is very 
different. Rainbow Florist and Tokyu Flowers may both be traditional florists, but their 
preferred varieties are also very different. Phoenix and Tokyu Flowers seem to have the same 
preferences, but they are located in two different cities and purchase their flowers in different 
ways.  

This example shows that Japan is not one flower market, but a combination of various 
segments that have their own characteristics and priorities based on the customers that they 
serve. Products should be matched to demand, rather than producing a generic, commoditised 
product. Market research should be able to identify these characteristics and priorities in order 
to match potential products to the right customers, eventually leading to better value creation.  

 
Market research is marketing 

It was also found that conducting market research, especially for new products, creates 
enthusiasm for the product in focus and other products that could be potentially developed. 
Firms involved in such research may not only find a successful product, but also a new market, 
how to access it, and how to maintain it. This has great ramifications for firms that are looking 
towards to creating a stream of new products. Relationships can be developed along the chain 
through such research, and firms can therefore begin identifying opportunities for other 
products within a market segment as their knowledge of the firms in this segment grows.   

In order to conduct sound qualitative market research, a rapport needs to be developed 
that is based on willingness to share information and give an honest opinion. Repeated visits to 
the market and visits to all sections of the chain encourages the development of this rapport, 
which can assist in building relationships that could lead to acquiring a loyal customer who 
values innovation and communication.  

  
CONCLUSIONS 

Market research assists in identifying potential customers and their requirements for a 
new product (Lim-Camacho and Dunne, 2005). Market research on the potential of grevillea as 
a cut flower in the Japanese market has identified that there are potential customers in the 
Japanese market, but that they have various requirements that reflect on their role on the supply 
chain and their segment of the market. The methodology used for the research was critical in 
arriving at these results. By conducting qualitative research through semi-structured interviews 
with various importers, wholesalers and florists from Osaka and Tokyo, an in-depth 
understanding of a part of the Japanese cut flower market was gained.  

Firms aiming to introduce new cut flowers should not ignore the importance of 
focussing on their customers during the process of new product development. More 
importantly, firms involved in this process should understand who their customers really are – 
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not just their exporter, nor the Japanese importer, but also the wholesalers and florists in Japan. 
After all, the potential value of a product is not based solely on an exporter’s opinion, but what 
a florist is willing to pay for at the very end of a chain.   

 Market research is a way of communicating with customers. It helps firms identify 
their customers’ needs and find ways to meet them. However, market research also serves as a 
tool for promoting a firm to potential customers, therefore assisting it in expanding its share of 
the market. The level of information exchange not only allows firms to gain feedback on new 
products, but also identifies potentially ‘good’ customers.  

The depth of information gained from such research on all aspects of the market lessens 
the risk involved in expanding and diversifying one’s business. Firms that base their marketing 
strategies on information gained from this style of qualitative market research are better 
equipped to make decisions on new products and new markets, and therefore have more 
chances of being competitive. 
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Table 1. Different opinions along the chain 
 

 

Table 2. Different opinions among market segments 

 

 

 Importer Florist 

Preferred variety Golden Yu-lo (ranked 
second by florist) 

Honey Gem (ranked sixth by 
importer) 

Price per stem 20-30Yen (selling price) 180-200 Yen (buying price) 

Stem length 60-70cm 30cm 

Leaf colour Variegated Non-variegated 

Leaf size (thick or thin) Thick leaves preferred Thin leaves preferred 

 Rainbow Florist 
(Osaka) 

Phoenix (Osaka) Tokyu Flowers (Tokyo) 

Preferred 
varieties (1-3) 

Pink Surprise, Pink 
Parfait, Honey Gem 

Honey Gem, Sylvia, 
Golden Yu-lo 

Honey Gem, Golden Yu-
lo, other varieties on equal 
third 

Purchase price 
per stem 

200-250 Yen 130-180 Yen 180-200 Yen 

Stem length 60-70cm 60cm 30cm 

Leaf colour Non-variegated Non-variegated Non-variegated 

Number of 
flower heads 

Double Depends on the 
arrangement 

Double 

Required shelf 
life 

5-7 days 3-4 days 5-7 days 

Use Pink Surprise as a 
focal flower 

Bright colours as 
focal flowers, light 
colours as fillers 

Not specified, but will 
likely be used for gift 
arrangements and events 
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An evaluation of strategic intervention in the development of a value chain 
alliance. 
 
Craig Firrell 
The Centre for Native Floriculture, The University of Queensland Gatton, Qld 4343 
c.firrel@uq.edu.au 
 
Key words : Backhousia myrtifolia, quality management,  
 
ABSTRACT 

The establishment of value chains that create and share value within the chain is an 
emerging phenomenon critical to the sustainability of many in the agribusiness sector including 
the native floriculture industry.  However, establishing a value chain requires radical changes 
in management that are often beyond the capability of individual firms.  Acknowledging the 
inability of many grower groups to establish their own value chains, the Value Chain Program 
of the Centre for Native Floriculture at the University of Queensland, Gatton is currently 
engaged in a project aimed at developing a value chain comprising of a group of native flower 
growers their exporter and their Japanese importer.  The staff from the Centre are using a 
framework of strategic intervention and action learning to develop this value chain.  This paper 
evaluates the impact of intervention on one element of the process, quality management. 
 
INTRODUCTION 

In late 2003 the Value Chain Program of the Centre for Native Floriculture was 
approached by an Australian native flower exporter and a native flower grower seeking 
assistance for an existing supply chain.  The product they required assistance with was a 
relatively new export product known as Backhousia myrtifolia. 

Following an initial investigation into the problems the backhousia growers were 
experiencing, and a review of its perceived potential, the Value Chain Program’s staff 
embarked on a project designed to improve the supply chains current marketing practices in 
order to competitively market backhousia.  This project became known as the backhousia 
project. 

At the time the Centre for Native Floriculture was approached, backhousia had been 
commercially exported to Japan for two and a half seasons.  The first two seasons resulted in 
encouraging results which lead to increased plantings.  However the third season was a 
different story.  The volume of product supplied to the market had increased but in comparison 
to previous seasons the quality standard had seemingly decreased.  Competition from other 
suppliers had also increased. 

To reduce the chances of a re-occurrence of the quality issues and the effect this may 
have on the product’s reputation, the group needed to establish a strategy and operational 
systems that could detect and correct quality problems.  This paper documents the process used 
by the Centre’s Value Chain Program to aid in the improvement of the chains quality 
management practices, and evaluates the impact this process had during the 2004 backhousia 
season. 

 
STRATEGIC INTERVENTION AND EMPOWERMENT 

Intervening for the purpose of guiding an individual or group at critical stages in their 
development is a process known as strategic intervention.  Strategically managed, deliberate 
intervention during the development of a value chain is one approach to overcoming the risks 
of unreliable information, lack of market orientation and lack of collective vision (Collins 
1997). 
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Facilitators involved in strategic intervention aim to guide the group, not drive it or 
support it financially.  The facilitators need to be driven by the strategic development of the 
value chain and free of any short term self interest.  By intervening at critical stages the 
facilitator encourages ownership of tasks and empowers the group, enabling them to choose 
their own direction. 

Empowering a core group is a gradual process that takes time and effort (Wellins, 
Byham and Wilson; Kirkman and Rosen 1999).  One of the underpinning elements of 
successful group empowerment is a process known as action learning.  In the next section the 
process of action learning is presented as a method of empowering the members of a value 
chain alliance. 
 
ACTION LEARNING  

Action learning has its origins in experiential learning.  The concept was developed 
through Kurt Lewin’s work with learning groups in human relations and group dynamics in the 
1930s and 40s (Tyson 1998).  Action learning can be defined as a process in which a group of 
people come together more or less regularly, to help each other learn from their experiences 
(Dick1997).   

Learning occurs in cycles.  In its simplest form consists of an action followed by a 
reflection on what occurred and then another action.  By including two extra stages that focus 
on development of new ideas, and planning their implementation, the learning cycle becomes a 
tool for continual improvement (Figure 1). 

Action leaning works successfully in groups that have a desire to work together. 
Therefore the formation of an alliance based on trust, the desire to deliver value to the 
customer and improve the competitive position of its members is critical to the success of the 
Backhousia project. 
 
ALLIANCE FORMATION 

The creation and maintenance of alliances has been the focus of a great deal of 
research, (Dwyer et al. 1987, Wilson 1995 , Doz and Hamel 1998,Whipple and Frankel 1998 
and Hoffmann and Schlosser 2001).  Whipple and Frankel (1998) identified four stages in the 
development of an alliance, they are alliance conceptualisation, pursuance, confirmation and 
continuity. 

Alliance conceptualisation begins when a firm is faced with a problem.  They identify a 
need for an alternative to working independently.  Working with other firms to solve the 
problem is seen as an option.  In this stage, the alternative is recognised as better for the firms 
involved and they begin to establish their expectations of an alliance. 

Alliance pursuance involves the development of partner selection criteria and a 
refinement of the expectations of the alliance.  The objective at this stage is the selection of the 
desirable partners. 

Alliance confirmation aims to confirm commitment to the alliance.  The confirmation 
stage involves a refinement of partner expectation and the development of operating standards 
for the alliance. 

Alliance continuity occurs over time and involves implementation of the processes and 
continuous assessment of the alliances’ aims and achievements. 

Improving the quality management practices of those involved in the backhousia 
project is one element addressed early in the alliance formation process.  The next section 
outlines the development of the backhousia value chain alliance and focuses on the 
intervention processes used to improve the group’s quality management practices. 
 
 
 



 16 

EVALUATING THE INTERVENTION PROCESS 
 Bennett’s Hierarchy (Bennett1975) was selected as the evaluation framework.  This 
framework separates a project into seven levels.  The first three levels Resources, Activities and 
Participation examine the process used by those facilitating the project.  The remaining four, 
Reactions, KASA (Knowledge, Attitudes, Skills and Aspirations), Practice Change and End 
Results are used to evaluate the impact of the process. 
 This paper focuses on the impact of strategic intervention on the quality management 
practices of the backhousia growers involved in the backhousia project. 
  
IMPROVING QUALITY MANAGEMENT PRACTICES  
 In the previous sections the framework of strategic intervention and action learning has 
been presented as a proven approach to empowering groups.  This framework has been applied 
in developing the backhousia value chain alliance.  
 Turning to quality management, this section presents the methods used to strategically 
intervene and change the quality management practices in the group.  These methods are 
presented in the framework of Whipple and Frankel’s alliance formation model. 
 
Alliance conceptualisation 
 In October 2003 the Centre for Native Floriculture’s Value Chain staff conducted a 
preliminary study of the backhousia supply chain, by following a consignment of backhousia 
to Japan and interviewing members of the chain, including florists.  This study identified 
quality issues that if addressed could improve the competitive position of the product.  The 
issues presented in two categories: 
1. Packing: Consisting of inconsistent stem lengths, variations in bunch size and bunches per 

carton, different methods of tying bunches and variations in carton size. 
2. Postharvest: Browning of the flowers and flower drop. 
The results of this study were presented to the exporter and after consultation a decision was 
made to conduct a number of workshops with the aim of developing a value chain for 
backhousia. 
 The initial workshop was held in February 2004.  The  participants of this workshop 
were selected by the exporter.  The criteria for selection were; growers growing or interested in 
growing Backhousia myrtifolia, and those growers who the exporter could to work with.  
Realising the importance of including all the members of the chain at the first workshop the 
Centre for Native Floriculture provided funds for the Japanese importer to attend. 
Alliance pursuance 
 The pursuance process began at the first workshop which was held over two days at the 
University of Queensland Gatton Campus.  The aim of the workshop was to prompt a reaction 
by providing information that individual growers where unable to obtain. 
 In the first session the facilitators presented photographic evidence of quality issues in 
product belonging to growers in the room, market prices from past seasons were reviewed and 
comments from Japanese florists were provided.  Initially the individuals in the group reacted 
by looking for something to blame for the poor quality outturns, but after some guidance there 
was a shift in thinking to, ‘how can we address the problem’.  The concept of working together 
was introduced by the facilitators.  This concept was not totally foreign to those present as 
some were already involved with other producer groups.  
 At the end of the first day each member of the group was given the opportunity to leave 
if they felt they were unable or did not want to be involved.  Everyone stayed.  It had become 
evident to the group that overcoming the issues with the product would be best achieved by 
working together.  
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 The pursuance process continued with the group establishing the founding principles 
for membership: 
1. a commitment to quality  
2. a commitment to active participation  
3. a commitment to open communication 
4. a commitment to protect the group’s intellectual property  
5. a commitment to abide by the decisions of the group 

By the end of the first workshop the group had been guided through two stages of 
Whipple and Frankel’s alliance formation model.  Their knowledge of the current situation had 
increased, leading to a change in attitude about how to solve their collective problem.  They 
had also set a number of short term tasks, improving quality management in the packing shed 
was a high priority (Lim-Camacho et al. 2005).   
 
Alliance confirmation 
 Following the initial workshop gathering the group members attended a number of 
workshops held at the Gatton campus and at a growers property. These workshops provided a 
forum which expanded the members knowledge and used the process of action learning to 
develop their individual skills.  The members were focused on what could be achieved and 
their desire to improve the current quality management practices was evident. 

In June 2004 a full workshop was dedicated to establishing a set of quality 
specifications.  Backhousia stems were used to set standards for; the amount of clean stem, the 
bunch head size and appearance, and number of stems in a bunch.  After the members had 
agreed on a set of standards the Centre produced a quality management poster and supplied it 
to growers that were committed to marketing backhousia through the group. 

The changes in quality management practices were implemented at the start of the 2004 
export season.  As the majority of growers packed their own product on farm the challenge was 
for each grower to pack to the same standard.   
 To check that this was being achieved it was suggested and agreed to by the group 
members that pre-shipment inspections should be conducted at the freight forwarders.  Initially 
these inspections were conducted by the Centre’s staff while group members were trained.  
Toward the end of the season a number of growers carried out the inspections.   A number of 
minor nonconformances relating to stem length, stem numbers and bunch size were detected.  
One consignment was rejected for not complying with the standard set by the group.  In all 
cases the growers were informed of the areas they needed to address.   
 While the intervention process had proved successful in standardising bunching and 
packing practices, postharvest practices remained unchanged.  The facilitator’s attempts to 
address the varying postharvest procedures were unsuccessful in the first year.  As there were 
conflicting views relating to this issue the group members decided that each member would 
continue with their current postharvest processes and a comparison would be made at the end 
of the 2004 season. 

Toward the middle of the 2004 season The Centre for Native Floriculture intervened by 
sending Value Chain Program staff and one grower from the group to Tokyo.  Prior to this visit 
the Centre offered to subsidise the expenses for one grower and encouraged the group to 
support another grower, however the members decided there was no need for a second grower, 
and agreed to contribute to the airfare of their representative. 

The aim of this trip was to check the product quality on arrival and provide the grower 
with a greater understanding of the Japanese end of the value chain.  This was achieved by 
visits to the OTA flower market, inspections of two consignments and meetings with florists.   

The visit to the market helped in empowering the grower by imparting first hand 
knowledge of the marketing system and the potential for backhousia in Japan. 
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Unfortunately the improvement in the standard and consistency of bunches was 
overshadowed by postharvest browning, an issue the group was unable to address prior to the 
season.  The extent of the browning problem was unexpected and eventually resulted in the 
withdrawal of backhousia from the market.  The browning issue is currently the subject of 
research by The Centre for Native Floriculture. 
 
CONCLUSION  
 Strategic intervention by the Centre’s staff provided the growers in the backhousia 
project with an opportunity to source reliable information about their product in the Japanese 
market, enabling them to plan a new approach for the season.  This process resulted in changes 
in some aspects of on-farm practices, co-operation between the group members and an 
improvement in the standard of product exported. 
 While the product itself may not have stood up to the test, the lessons learned from this 
experience have empowered a core group of members.  Their new found knowledge and skills 
can be applied to the quality management of other native flowers. 
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Figure 1.  Elements of an action learning cycle. Source: Adapted from Dick (1997) and 
Collins (1997). 
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ABSTRACT 

The ongoing eucalypt development programme at the University of Adelaide has 
produced many hundreds of interspecific eucalypt hybrids suitable for ornamental horticulture.  
A two-phase selection process was developed to streamline selection; from this process, twelve 
superior hybrids have been identified for further work, including propagation and production 
trials. This paper will report on progress towards commercial release. 
 
INTRODUCTION 

The Australian floriculture industry has the potential to increase its world market share 
with the development of new cultivars of novel native flower crops.  The Eucalyptus genus 
contains many species suitable for the floriculture industry, and product is already in demand 
on export markets.  The development of new and novel hybrid eucalypts with desirable 
characters and proven production capabilities will improve the market share of this genus. 

The eucalypt improvement programme has been underway at the University of Adelaide, 
Waite Campus, for over 15 years, with the aim of producing cultivars with excellent characters 
for cut stem production, primarily brightly coloured flowers and/or buds.  An ongoing breeding 
programme, using controlled pollination, produced hundreds of interspecific hybrids (Ellis et 
al. 1991; Sedgley and Granger, 1996; Delaporte et al., 2001a, 2001b, 2001c; Sedgley and 
Delaporte, 2004).  These hybrids have been the focus of a two-phase selection protocol 
developed to streamline the selection of individuals for ornamental horticulture (Delaporte and 
Sedgley, 2004).  While this strategy was developed in an attempt to formalise the selection 
process, strong consideration had to be given to the visual impact of the stem, flower, bud and 
leaves as a single stem unit. 

The improvement of eucalypt cultivars follows a continual five-stage development 
process. Stage 1 investigates controlled hybridisation between species.  The resulting 
individual hybrids are exposed to primary selection criteria and industry preference during 
stage 2, and superior cultivars selected.  Stages 3 and 4 concentrate on secondary selection 
criteria, specifically clonal propagation and cultivar production capability testing. Stage 5 
concentrates on commercial release. 
 
MATERIALS AND METHODS 
 
Plant material 

Stage 1 of the eucalypt development programme saw the production of interspecific 
hybrids by controlled pollination (Ellis et al. 1991; Sedgley and Granger, 1996; Delaporte et 
al., 2001a, 2001b, 2001c; Sedgley and Delaporte, 2004).  All hybrids were assessed for their 
suitability for horticultural uses, such as floricultural production or amenity planting, as they 
reached reproductive maturity. 
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Primary Selection  

Over 570 hybrids attained reproductive maturity during the project and were tested at 
Stage 2 using primary selection criteria over two flowering seasons.  Primary selection criteria 
(PSC) relate specifically to morphological and phenotypic characters, such as flower colour 
and size, floriferousness and glaucousness (Delaporte and Sedgley, 2004; Sedgley and 
Delaporte, 2004).  Plants achieving a PSC score greater than 75% were selected and fresh 
single stem unit samples, consisting of leaf, stem, flower and bud, were sent to industry 
collaborators for marketability assessment and scoring.  The PSC score and the industry 
collaborator scores were collated and compared and a final selection made of 12 superior 
individuals to move into testing with secondary selection criteria. Another individual was 
selected for its potential for amenity horticulture. 
 
Secondary selection 

The 13 selected cultivars moved onto secondary selection, which focuses on performance 
characters, such as postharvest vase life, production regimes, clonal propagation and 
marketability.  Six of the 13 selected cultivars were tested for vase life, using water and sucrose 
pulses.  All 13 selected cultivars are currently being tested for response to clonal propagation 
methods.  Clonal propagation (Stage 3) has become a significant part of the project, as these 
selected forms cannot be reproduced by seed and must be propagated by asexual means.  A 
variety of clonal propagation methods were tested, including vegetative methods such as 
grafting and cutting propagation, and tissue culture methods such as micropropagation and 
somatic embryogenesis.  Grafting was selected as the first step in the propagation stage.  
Grafted plants will be used as “stock” plants to provide material for cutting propagation.   
 
RESULTS and DISCUSSION 
 
Primary selection 
The 13 selected cultivars cover a range of flower colours and bud types (Table 1).  They come 
from 3 groups, based on flower type and parentage.  Type 1 has four individuals: two with 
purple pink flowers and highly glaucous stems, one with red-purple flowers and highly 
glaucous stems and one with red purple flowers and dark, non-glaucous stems.  Flowers are 
small and numerous and buds are highly coloured.  Type 2 has eight individuals, with flower 
colours ranging from greenish yellow to dark purple pink.  All flowers are very large, but there 
are few per stem.  Buds and stems are glaucous on all individuals except one, leaves are green 
and mostly non-glaucous.  Type 3 has one individual, a small compact, glaucous, highly 
floriferous specimen that has good potential as a garden or tub plant.  For all selected forms, 
PSC scores varied between 70% and 90%, reflecting the effect on selection of visual 
assessment of the single stem unit.  This shows that while plants may not rate highly with the 
PSC score system, they may be selected on the basis of marketability.   

The PSC score system is a useful tool for assessing large numbers of individuals in a 
short space of time, and limits subjectivity in the assessment. It also enables scope for a 
number of people to make selections across Australia, where an objective assessment can allow 
for comparison between sites and species.  However, as this project shows, there is a place for 
the overall visual impact of the single stem unit on Stage 2 selection. 
 
Secondary selection 

Of the 13 selected forms, only six have so far been tested for vase life using water and 
sucrose pulsing.  All six had a minimum vase life of 10 days, with maximum life varying with 
cultivar and treatment.  The remainder will be tested as material becomes available.  All 13 
have entered Stage 3 of the development process, and have been tested for response to clonal 
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propagation, in this case, grafting using wedge graft and seed-grown rootstocks.  Results to 
date are promising, with some cultivars responding positively to grafting.  Others have not 
been successful, indicating possible genotypic and phenotypic effects on propagation.   
 
Future work 
Grafting will continue in Autumn and Spring to determine if there is a seasonal affect. Those 
selected cultivars failing to produce successful grafts after four seasons will be culled from the 
programme.  Grafted plants will be used for Plant Breeders Rights trials and production of 
cutting material.  Vegetatively propagated plants from selected forms will be tested on industry 
collaborator properties across Australian prior to commercial release. 

There is significant scope to continue the eucalypt development programme for many 
years to come, with hundreds of plants available for selection.  The knowledge developed 
through RIRDC Projects UA-52A and UA-67J will enable future selections to be introduced to 
the programme and to proceed through to commercial release much more quickly than at 
present.  The impact of the release of new, novel and tested eucalypt cultivars on the eucalypt 
sector of the Australian floriculture industry will be significant and well worth the investment.  
However, it is only by continually selecting, testing and releasing new cultivars can Australia 
stay competitive in the world market, thus it is important that the eucalypt development 
programme continue. 
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ABSTRACT 

Leptospermum is very popular in Australia’s export markets, and there is 
significant opportunity to increase exports by developing new high quality cut flower 
cultivars.   

The cut flower characteristics of a range of Leptospermum species and cultivars 
were assessed to identify the better cultivars. A breeding program was established to 
produce superior cut flower forms, by using the best available forms as parents. The 
breeding program has been extensive and there are over 2200 hybrids growing in the 
field. 

The hybrid seedlings were monitored, but due to the juvenility period of the 
seedlings, flowering was delayed. A commercial flowering response was reached in the 
third and fourth flowering season in the field.  When the hybrids flowered, they were 
assessed for the floral characteristics and the better forms were assessed for their vase 
life.   

The postharvest trials have shown that the best way to achieve good postharvest 
quality is to grow species, hybrids or selections that have an inherently good quality and 
vase life. Some of the selections identified and bred in this project provide excellent 
quality and vase lives greater than 10 days. Several treatments have been shown to delay 
drying and overcome wilting. Continuous deep water treatment, recutting stems and a 
commercial postharvest solution prevented tip wilting of foliage, although chlorine 
germicide or citric acid did not.  

From the field and postharvest observations 13 different hybrid styles have been 
described to date.  These styles can be easily distinguished on petal colour, size and other 
floral characters.  The hybrid styles have been described in full, and a number of cut 
flower and landscape cultivars should be obtainable from each of these. 
 
 
INTRODUCTION 

The Australian cut flower export industry expanded from approximately $5 
million in 1984/85 to near $30 million in 2000. Wildflower production is currently 
estimated to be worth approximately $65 million pa.  To ensure exports continue to 
increase it is necessary to improve the quality and continuity of supply of existing 
products and to increase the available product range with high quality new flower crops.  

Leptospermum has been identified as a wildflower cut flower crop that is very 
popular in Australia’s export markets, but is under supplied. The cut flowers of individual 
species are only available for a few weeks, but there are a number of species that are 
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undeveloped and have good characteristics to be developed as cut flowers.  
Leptospermum has been identified in the top group in both the Export Best Bet Analyses 
conducted with Victorian cut flower exporters (Slater 1997; 1999), and in the Australian 
Export Best Bet Analysis conducted with cut flower exporters from Queensland, NSW 
and Victoria (Slater 2002; Slater and Carson 2003). 

Leptospermum cultivars have been used as cut flowers and as ornamental shrubs 
for a number of years.  The majority of these cultivars were derived from New Zealand 
forms and hybrids of Leptospermum scoparium. Some of these forms have been popular as 
container plants, but their use as cut flowers has been limited by their short vase life due to 
ethylene sensitivity, petal drop and drying out (Zieslin and Gottesman 1983, 1986).  A 
limited breeding program has been under way in New Zealand using L. scoparium as a main 
parent to produce cultivars with an improved vase life, but the majority of the progeny are 
noted as still having a short vase life (Bicknell 1995).  

Leptospermum contains 83 species that are mainly found in southern and eastern 
Australia, although they extend to south-east Asia and New Zealand (Wrigley and Fagg 
1993). They are commonly known as tea-trees, and are renowned for their hardiness and 
fast growth.  They will tolerate a range of conditions from dry sandy locations through to 
wet, marshy areas, and some are frost tolerant. Most species are extremely floriferous, with 
the entire stems being covered in flowers. As branches contain large numbers of attractive 
flowers, they can make an excellent focal filler crop. 

Currently a limited number of L. spectabile and L. rotundifolium are in production, 
and stems are sold on both domestic and export markets, although numbers of L. 
rotundifolium in production have increased following the early Export Best Bet Analyses 
conducted in Victoria.  Both these species have a longer vase life than L. scoparium, and 
hybrids have been reported between these species (Harris et al. 1995, Ollerenshaw 1995).  

The introduction of a range of Leptospermum species will help to ensure that 
expansion of the export flower trade continues, for a number of reasons. Leptospermum 
(tea-tree) can be sold as a focal filler, as flowers are large and stems are showy. Some 
forms of tea-tree closely resemble cherry blossom, and are very popular in Japan, 
indicating that a niche market already exists in the most important export market for 
Australian flowers.  Furthermore, between September and March there is always a 
species of Leptospermum in flower.  

The objectives of this work were to produce superior Leptospermum hybrids that 
can continuously supply cut flowers for the market, through a breeding program using 
superior selections and through developments in postharvest techniques which maximise 
vase life. 
 
Superior forms of Leptospermum for use as cut flowers 

The genus Leptospermum includes a diverse group of plants.  There are a range of 
flower colours and sizes, and between August and March at least one member of the 
group will be in flower.  These are important commercial characters for a floral crop, as 
they allow continual supply to the market, and provide diversity within the crop. 

The cut flower characteristics of a range of Leptospermum cultivars were assessed 
to identify species and cultivars of Leptospermum with greatest potential for use as cut 
flowers.  In total 247 selections were obtained from 37 species of Leptospermum and one 
species of a closely related genus (Slater et al. 2001). Twenty-seven superior selections 
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were identified from 10 species.  In the process of assessing the performance of the 
cultivars, we have described the plant structure, foliage type and colour, flowering time in 
Victoria, flowering duration, flower characteristics and postharvest behaviour.  Whilst the 
flowering time for each species and cultivar can be quite short, especially for optimal 
harvest time, a range of species and cultivars have been identified that flower between 
late August and early January. This should enable growers to provide a range of species 
and cultivars that will allow them to market Leptospermum over an extended season. 
 
Leptospermum breeding  

The breeding of Leptospermum has targeted the production of superior cut flower 
forms, by using the best available cut flower forms as parents. On-going assessment of 
species and cultivars (both in the wild, and breeding progeny) continues to identify new 
parents. 

The breeding program was extensive with a total of 1443 interspecific hybrid 
pollinations conducted.  This was supplemented with 521 intergeneric hybrid pollinations 
with closely related species. During this work over 2300 interspecific hybrid seedlings 
were germinated, and planted at the field site. From the intergeneric hybrid pollinations, 
116 seedlings were prepared for field planting.  In total over 2500 hybrids were planted at 
the field site in East Gippsland 200 km east of Melbourne. 
 
Hybrid evaluation 

The hybrid seedlings were monitored at the field site over the three flowering 
seasons of the project.  Due to the juvenility period of the seedlings, which was not 
foreseen at the start of the project, none flowered in the first year after planting and few 
in the second year.  Generally the plants needed to be grown for at least 18 months in the 
field and be over 50 cm tall for flowering to occur.  The flowering response desirable for 
cut flower use occurred in the third and fourth flowering season in the field. 

When the hybrids flowered, the flowering times were noted and the flowering 
display and flowers were described. Material was collected for postharvest assessment of 
the better hybrids.  The vase life was monitored and the postharvest behaviour described.  
All the hybrids that had an acceptable vase life exhibited the ability for mature buds to 
continue to develop and open after harvest.  This will enable these hybrids to be 
harvested when they are just starting to flower to maximise vase life and facilitate 
packing. 
Hybrid style descriptions 

From the field and postharvest observations 13 different hybrid styles were 
described after the 2003 flowering season.  These styles can be easily distinguished on 
petal colour, size and other floral characters.  The hybrid styles have been described in 
full, and a number of cut flower and landscape cultivars should be obtainable from each 
of the hybrid styles.  After the 2004 flowering season, when the progeny of the breeding 
using the superior parents started to flower, the number of styles increased with some 
very exciting forms. 
 
Postharvest 

The best way to achieve good postharvest quality is to grow species, hybrids or 
selections that have an inherently good quality and vase life. Some of the selections 
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identified and bred in this work provide excellent quality and vase lives greater than 10 
days.  

The postharvest behaviour varied between species.  In some species the petals dry 
out and shrivel up but remain attached (eg. L. scoparium, L. spectabile), while others 
drop petals (eg. L. rotundifolium).  Some species also showed sensitivity to ethylene (eg. 
L. rotundifolium ‘Lavender Queen’, L. morrisonii, and L. petersonii), and that STS and 
MCP prevented the effects of applied ethylene but had no obvious effects in the absence 
of applied ethylene. 

The response of several selections to simulated export (3 days in a carton at 15 
ºC) was determined. From these and previous experiments we found that the following 
species had vase lives greater than 7 days after simulated export: L. morrisonii 
‘Burgundy’, L. rotundifolium ‘Lavender Queen’ and a hybrid from the breeding program. 
The following had vase lives of less than 7 d: L. grandifolium, L. morrisonii ‘LMBLR1’, 
L. obovatum, L. polygalifolium ‘Bronze’, L. spectabile and L. turbinatum ‘LTPR1’ and 
‘LTPR3’. Our results so far indicate that if selections have a long vase life as a freshly 
picked flower they will have an acceptable vase life after export, but will lose vase life 
approximately equal to the time spent in transport. However, it would be wise to continue 
to assess elite selections for their export performance. 

Several treatments have been shown to delay drying and overcome wilting. 
Continuous deep water treatment (20 cm compared with 5 cm), recutting stems and a 
commercial postharvest solution (Chrysal Professional #2) prevented tip wilting of 
foliage, although chlorine germicide or citric acid did not.  

Botrytis cinerea has been found on several samples of Leptospermum flowers 
from different species, different farms and in different years. It is probably worth 
investigating whether this has a role in petal drop, as it does in flower drop in Geraldton 
waxflower.  

Further research is needed into: the commercial use of deep water, stem recutting 
and certain postharvest solutions to improve water uptake and vase life; the role of 
Botrytis and ethylene in flower drop and the end of vase life; and the effect of anti-
ethylene treatments (i.e. silver thiosulphate and 1-methylcyclopropene). 
 
 
RECOMMENDATIONS 

Wildflower growers interested in producing Leptospermum should seek out the 
superior forms to determine their performance under their growing conditions (Slater et 
al. 2001). Whilst the flowering time for each species and cultivar can be quite short, 
especially for optimal harvest time, the range of species and cultivars flower between late 
August and early January. This range of flowering times will allow Leptospermum to be 
marketed over an extended season, and will provide growers with the opportunity to 
supply the market over this extended season by growing a range of species and cultivars. 

The breeding program has been extensive and a range of different hybrid styles 
has been described.  The hybrids have interesting and attractive flower colours and there 
are potential cultivars within most of the hybrid styles that have a good vase life of over 
ten days. Cultivars from each of the hybrid styles still need to be commercially assessed 
to determine the better commercial cultivars, although we believe that a number of cut 
flower and landscape cultivars should be obtainable from each of the hybrid styles.   
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CONCLUSION 

This work has identified the superior species and cultivars of Leptospermum that 
can be used as cut flowers.  The work has expanded on the species and cultivars by 
conducting a breeding program and producing a series of hybrid styles that could extend 
the variety and season of Leptospermum cut flowers for the market.  This work has also 
looked at the postharvest behaviour of these cut flower leptospermums to enable the 
development of superior hybrids with good vase life that should increase the demand for 
this cut flower.  The commercial release of these cultivars will follow shortly.  This work 
shows the benefits of science working in partnership with industry and targeted long-term 
strategic investment. 
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ABSTRACT 
 Waxflower, a Western Australian native flower, responds to applied nutrients. 
Plants can show deficiency symptoms when receiving inadequate nutrients and yield can 
be affected.  Delivery systems used to apply nutrients affected plant growth and yield in 
terms of pick-able stems.  Surveys of commercial waxflower being grown in Australia 
show a wide range of fertiliser rates being applied.  In some cases only N, P, K was 
applied with lack of Mg and trace elements the most notable exceptions to nutrients 
missing from fertiliser mixes.  Increasing the frequency of fertiliser doses by placing 
filters full of fertiliser in irrigation lines on weekends increased stem yield by 27% or by 
burying  fertiliser pills on adjacent sides of the plant increased stem yield by 45% 
compared only fertigating three times a week for Geraldton wax hybrid Ivory Pearl.  
Applying these results to waxflower plantations found that by introduction of fertigation 
systems able to deliver fertilisers on a daily basis to plants in the field compared to 
infrequently (i.e. every 4 to 7 days) resulted in increases in stem yield by up to 32%.  
Changes in leaf tissue concentrations of nutrients were also observed in plants grown in 
the field that had been regularly fertigated with more balanced fertilisers.  The hybrid 
waxflower Denmark Pearl was grown in pots containing soil stripped of nutrients.  
Omission trials were conducted in these pots by applying all nutrients except one.  The 
nutrients studied were N, P, K, Ca, Mg, Cu, Zn, Fe, Mn, B and Co.   Symptoms of leaf 
deficiency in leaves were then recorded on plants.  Symptoms were then used to predict 
nutrient deficiencies of field grown waxflower and tissue samples measuring nutrient 
concentrations showed these to be below those of non deficient plants.   
 
 INTRODUCTION 
 The Western Australian cut flower export industry is worth about A$30 million 
(Anon 2002) of which approximately 20% of the value is waxflower (Chamelaucium 
spp.).  Continued growth of the waxflower industry depends of new varieties and hybrids 
of waxflower.    
 Although waxflower occurs on sandy soils in Western Australia and these soils 
are poor in nutrients (Johnson and Burchett 1996) waxflower responds to nutrients in 
cultivation.  To maximise yield, stem length, flower density, flower quality, plant 
production life it is important to understand and develop suitable methods of nutrient 
management.  However the nutritional needs of waxflower and how plants respond to 
changes in nutrition are not well documented.  Studies have shown that poor nutrition of 
waxflower can cause loss of yield and short postharvest vase life (Webb MG. and Pegrum 
J 1989, Maier et al. 1994 a, b).  However this research was on old C. uncinatum varieties.  
Studies are needed on the nutrient requirements of new waxflower hybrids such as 
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between C. megalopetalum and C. uncinatum which may have special nutrient 
requirements.   Recent work at the Western Australian Department of Agriculture 
Research Station at Medina on fertigated waxflower, designed a balanced fertiliser 
program (Seaton and Calder 2003).  The new fertiliser program was incorporated into the 
farm management practice on blocks of approximately 1000 plants of a hybrid 
waxflower; Crystal Pearl, Denmark Pearl, Esperance Pearl and Ivory Pearl.  This new 
program also involved upgrading fertigation and irrigation equipment to deliver fertilisers 
on a daily basis.  Tensiometers were also installed to allow more accurate management of 
irrigation.   
 Not only is the fertiliser amount and mix important but also the way fertilisers are 
applied.  Applying fertilisers in high concentration, such as can occur with top dressing or 
infrequent fertigation, using mainly of nitrogenous fertilisers can lead to crop failures.  
Applying fertilisers that are unbalances such as use of nitrogenous fertilisers such as 
ammonium nitrates and urea can lead to problems such as acidification of the soil, 
locking up of trace elements (Handreck and Black 1999and damage root systems.  As a 
consequence plants yield may be compromised or plant losses can occur.  
 Irrigation on sandy soils typical of the swan coastal plain of Western Australia 
(Bolland 1999) require a different strategy to heavy soils (Lantzke 2004).  These sandy 
soils to maintain a water balance and minimise loss of irrigation water past the root zone 
require irrigation that is more frequent in smaller applications (Lantzke 2004).  This also 
reduces the amount of nutrients carried with irrigation water leached out of the root zone 
and unavailable to the plant.  By changing irrigation practice and by monitoring water 
content in the root zone using tensiometers (Burke and Parlevliet 2002) to reduces flow 
of water past the root zone may be of benefit to managing nutrient availability waxflower. 
  
 The present study evaluates the effects of delivery of nutrients to plants on the 
performance of waxflower hybrids (Chamelaucium uncinatum and C. megalopetalum) in 
cultivation.  
 
 MATERIALS AND METHODS 
Yield response on flower farms 
 Surveys of fertiliser use by commercial flower farms in Australia Western 
Australia, South Australia, Victoria and New South Wales were conducted to determine 
the amounts of nutrients being applied to waxflower.  From fertilisers applied the amount 
of each nutrient particularly N, P, K, Ca, Mg and Fe applied per plant per day during the 
growing season usually from October to March was determined.   Trial fertiliser 
programs developed for hybrid waxflowers (Seaton and Calder 2003) were introduced to 
flower farms together with the use of tensiometers to manage water use.  Leaf nutrient 
tissue concentrations were measured before and after applying new fertiliser programs. 
At the end of March samples approximately 120 mm long of the upper most section of 
new shoots from new seasons new stems were cut.  Five of these shoots were sampled per 
plant from 10 randomly selected bushes.  These were oven dried (65º C for 24 hours) and 
sent off to the Department of Industry and Resources Chemistry Centre of Western 
Australia to determine concentrations of N, P, K, Ca, Mg, Fe, Mn, Cu, Zn, Mo and Co 
per gram of dry weight leaf tissue.  Plants were harvested when approximately 50% of 
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flowers had opened on a plant.  The average number of flowering stems (greater than 60 
cm long) per plant were also recorded for 5 plants for a variety. .  
 
 Field nutrient delivery trial 

 A trial was conducted on a commercial flower farm north of Perth on Bassendean 
sands. Planting of Ivory Pearl was in November 2004.  Plants were irrigated and 
fertigated (Seaton and Calder 2003) on Monday, Wednesday and Friday.  Plant received 
0.45g N, 0.03 g P, 0.47 g K per plant per day plus trace elements. A treatment was 
introduced to supplement this existing fertiliser program by adding extra fertiliser.  This 
extra fertiliser was added either by a filter tube or fertiliser pills.  A filter tube was located 
at the head of 3 irrigation lines supplying 60 plants in a row and on Friday afternoon 35 
gms of fertiliser mix containing Urea, KNO3 and CaNO3 was added. This fertiliser had all 
been washed into lines by Monday morning giving plants an extra 0.34g N, 0.15g P and 
0.27g K per plant over Saturday - Sunday.  For separate lines of plants three groups of 
three adjacent plants were randomly selected.  For each of these plants selected two 20 g 
plant pills (“Typhoon” Langley slow release fertiliser planter tablets containing 20% N, 
4.4% P, 8.2% K, 4% Ca, 6% S, 0.20% Mg, 0.03% Cu, 0.5% Zn, 0.33% Fe, 0.16% Mn, 
0.01% Mo and ).01% Bo w/w) were inserted into soil within 15 cm of either side of plant 
and 15 cm deep.  .  Assuming the plant pills completely dissolved in 9 months then each 
plant would receive 0.29 g of N, 0.06 g of P and 0.12 g of K extra nutrients per plant per 
day from the pill.  Plant yield, in terms of number of harvestable 5 stem bunches when 
plants reach approximately 50% flowering and total harvestable biomass (fresh weight), 
was measured.   

Treatments were farm fertiliser treatment (control) of 3 days a week fertigation, this 
three days a week fertigation plus an extra fertigation on weekend and three days a week 
fertigation plus addition of fertiliser pills.  These treatments were arranged in a 
randomised block with each block containing 3 replicates and the yield form each 
replicate was the average yield of three adjacent plants.  .  Data was subjected to analysis 
of variance (ANOVA) and comparisons were made within treatments to determine 
differences using l.s.d’s (P=0.05). All analysis was carried out using the statistical 
package Genstat version V.  
 
Nutrient deficiency symptoms 
 Pot omission trials were conducted in an air conditioned glasshouse (24/18 ºC 
day/night temperatures) where all but one nutrient was left out.  Ten elements were tested 
(N, P, K, Ca. Mg. Cu, Zn, Fe, B and Co).  Pots contained 2 kg of washed river sand 
stripped of nutrients by acid washing and 0.1 g/Kg of NaHCO3 added per pot to restore 
soil pH to 6.5.  Leaf deficiency symptoms were recorded and photographed. When plants 
were 3 months old as symptoms became noticeable.  Most colour changes were observed 
in older leaves and although the distinction made between old and young leaves in a pot 
trial does not equate to that in a mature wax plant.   It was not possible to conduct these 
omission trials on mature plants because of the amount of acid washed sand required.  
Results presented therefore refer to the general colour of leaves observed on a young wax 
plant and should be used only as a guide to interpreting deficiency symptoms on mature 
field plants.    
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RESULTS AND DISCUSSION 
Yield response on flower farms 
 Nutrient levels varied by 51 fold for N, 5 fold for P and 24 fold for K.  For N, P 
and K there were several farms where very little N, P and K nutrient was applied 
compared to the average rate and others where double the average rate was applied. 
While for Ca, Mg and Fe the variation in rate nutrients were applied was less extreme 
compared to N, P and K.   The average ratio of N: P: K used was 1: 0.561: 0.287 (Table 
1).  
 
 Waxflower responded to increased nutrient application when applied in small 
frequent amounts rather than large infrequent amounts with a monitored watering 
program and gave 30 to 44% yield increase in hybrid varieties of Denmark Pearl, Ivory 
Pearl and Esperance Pearl yields increased from 13 bunches (300 gm) per bush to 18 
bunches per bush.  With the more even soil moisture and a daily supply of fertilisers stem 
length was longer and thinner. 
 Changing the fertilisers program on cultivated Denmark Pearl altered leaf tissue 
levels.   As a result concentrations of N, K, S, and Fe increased compared to old levels 
with the largest effect on K increasing by 81% (Fig 1.).  Concentrations of P, Na, Ca, 
Band Mn decreased compared to old levels with the largest effect on Mn declining by 
67%. Nutrients Mg, Cu and Zn were unaffected by changes to the fertiliser program. 
Other studies of wildflowers (Conospermum spp.) found that high levels of Mn i.e. above 
63 ppm caused stunting of stems (Seaton and Webb (1996) and this may have contributed 
to lower yields of Denmark Pearl with the old fertiliser program.   
 
Field nutrient delivery trials 
 Application of additional fertiliser using filters or fertiliser pills compared to 3 
day a week fertigation farm practice resulted in a significant (P<0.05) increase in bunch 
numbers.  Use of filters increased yield by 36% and fertiliser pills by 57% with no 
significant difference in bunch number between filter and fertiliser pill treatments (Fig 
2.).  There was a significant (P<0.05) increase in total bunch weight using a filter of 27% 
and with fertilisers pills of 45% at harvest compared to controls, with fertiliser pills 
approximately doubling bunch weight compared to using a filter.  It is noted that fresh 
weight can vary depending on tissue and time, however harvest on the flower farm did 
not allow drying of bunches and flowering stems were at a similar stage of development 
at harvest. The increased yield obtained by increasing the frequency of delivery of 
nutrient to plants, either by adding in an extra fertigation using a filter containing 
fertiliser or using plant pills which slowly release fertiliser, indicates that wax plants 
benefit in terms of yield by more consistent supply of nutrients.  This is supported by 
changes in grower practice from top dressing or applying high concentrations of fertiliser 
infrequently (at weekly intervals) to using a automated fertiliser injection system that 
injects small amounts of fertiliser daily resulting in large (30 to 45%) yield increases. 
There was also the introduction of tensiometers onto farms which allowed growers to 
monitor plant water use and irrigate accordingly (Burke and Parlevliet 2002 see 
Introduction). This minimised over irrigation reducing leaching of fertilisers beyond the 
root zone. Also increases in yield appear to be a result of changes in the composition of 
elements in the fertilisers to give a more balanced mix suited to waxflower. 
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Nutrient deficiency symptoms 
 A range of symptoms were described indicating a deficiency of nutrients (Fig 3).   
Healthy leaves were a dark green colour.  Deficient leaves showed a loss of the dark 
green colour and lack of nitrogen leaves were paler green with red tips.  Deficiency of 
potassium appeared as orange-green leaves, phosphorus as yellow-green to bronze, 
potassium as orange-green, orange and magnesium as red-yellow.  Deficiencies of copper 
leaves appeared as orange-green, Zn  as gold-green, Fe as yellow-orange, Mn as red-
orange, B as red  and Co as green-grey (Fig 3.). .  These colour changes should be only 
used as a general guide when interpreting leaf deficiency symptoms of mature plants 
given that it is based on young pot plants (see methods).  The distinction of older and 
younger leaves (in Fig 3) should be viewed with caution as this age distinction is base on 
young pot plants not maturer wax plants in the field.  
 
 A wax flower showing deficiencies in the field at flowering was examined.  From 
colour charts these were yellow-green leaves with some red-orange older leaves 
indicating a possible deficiency in N, Fe, Cu and Mn.  Tissue analysis showed that levels 
of N (0.98 % dry weight), Cu (0.9 mg/kg dry weight), Fe (46 mg/kg) and Mn (8.4 mg/kg) 
which were less than for plants not showing deficiencies (Fig 1) (i.e. N 1.75%, Cu; 
2.3mg/kg, Fe; 120 mg/kg and Mn; 26 mg/kg).  This indicates that deficiency symptoms 
provided some estimate of nutrient deficient in mature wax plants.   The advantage of 
having  descriptions of  deficiency symptoms is that it gives the grower or consultant the 
ability to predict which nutrients are deficient and to apply corrective action by adjusting 
their fertiliser program.  However conclusions drawn from symptoms should be viewed 
with caution and checked against results of tissue testing and critical ranges of nutrients 
concentrations for waxflower as they are developed. 
 
REFERENCES 
Anon, 2002. ‘Statistic Report for the Western Australian Floriculture Industry’ 

(Department of Agriculture, Government of Western Australia: Perth, WA. 
Miscellaneous Publication 8/2002). 57pp. 

Bolland M (1999).  ‘Soils of the Swan Coastal Plain’.  Department of Agriculture 
Bulletin 4359, 1-12.  

Burke, K. & Parlevliet, G.  2002.  Irrigation of native flowers in Western Australia.  
Department of Agriculture Farmnote No. 03/2002. 4pp. 

 Handreck, K. & Black, N. 1999. ‘Growing Media for Ornamental Plants and Turf’.   
(University of New South Wales Press: Sydney, NSW). 

Johnson, K. & Burchett, M. 1996.  ‘Native Australian Plants: Horticulture and Uses’.  
(University of New South Wales Press: Sydney, NSW) 

Lantzke, N.  2004.  Irrigation of wine grapes on deep sands.  Department of Agriculture 
Farmnote No. 67/2004. 4pp. 

Maier, N. A. Barth, G. E. Bartetzko, M. N. Cecil, J. S. & Chvyl, W, l. 1996. Nitrogen and 
potassium nutrition of Australian waxflowers grown in siliceous sands. 1. Stem 
growth and yield responses.  Australian Journal of Experimental Agriculture 36, 
355-365. 



 35 

Maier, N. A. Barth, G. E. Bartetzko, M. N. Cecil, J. S. & Chvyl, W. l. 1996. Nitrogen and 
potassium nutrition of Australian waxflowers grown in siliceous sands. 2. Effect 
on leaf colour, vase life and soil pH and conductance.  Australian Journal of 
Experimental Agriculture 36, 367-371. 

Price, G. (1986). Ornamentals.  In: ‘Plant Analysis: An Interpretational Manual’ (Eds DJ 
Reuter and JB Robinson). (Inkata Press: Melbourne, VIC).  Pp188-218. 

Robson, A.D. & Snowball, K. (1986).  Nutrient deficiency and toxicity symptoms.  In: 
‘Plant Analysis: An Interpretational Manual’. (Eds. DJ Reuter and JB Robinson). 
(Inkata Press: Melbourne, VIC). Pp13-19. 

Seaton, K A. & Calder, T. 2003.  Fertiliser for waxflower production.  Department of 
Agriculture Farmnote No. 59/2003. 4p. 

Seaton, K. A. & Webb, M. G. 1996.  ‘Production, Management and Handling of Quality 
New Native Cutflowers for Export’.  (Rural Industries Research and Development 
Corporation, Barton, ACT). 37pp. 

Webb, M. G. & Pegrum, J. 1989. Waxflower nutrition.  In 'Production and marketing of 
Australian Flora’.   Conference Papers, 13th to 14th of July 1989 at The University 
of Western Australia. 

 

 

 

 

 

 

 

 

 



 36 

Table 1. Current rates of nutrients being used to grow commercial waxflower in 
Australia. 
 

g/plant/day Kg/ha/yr* Nutrient 
Range  Average  Range  Average  

N 0.012 to 0.62 
 

0.337 5 to 278 151 

P 0.009 to 0.043 
 

0.0265 4 to 19 12 

K 0.014 to 0.337 
 

0.189 6 to 151 85 

Ca 0.019 to 0.079 
 

0.056 8 to 35 25 

Mg  0.007 to 0.010 
 

0.0085 3 to 4.5 4 

Fe 0.00019 to 0.00042 
 

0.0003 0.08 to 0.19 0.13 

 
* to convert from g/plant/day to kg/ha/yr multiply by 449 ie. 202 days of growth x 2222 
plants per ha and /1000 (g per kg) 
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Figure 1.  Effect of applying a new fertiliser program to leaf tissue nutrient 
concentration levels in waxflower before (old level) and after one year (new level) 
for Denmark Pearl for (a) macro elements and (b) trace elements.    
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Figure 2.  Effect on yield (bunch number) (○) and total bunch weight (■) of applying 
fertiliser to waxflower variety Ivory Pearl by use of filters (and plant pills to 
increase frequency of fertiliser application compared to normal farm practice of 
fertigating 3 times per week.  LSD (P = 0.05) are shown.  
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Figure 3.  Deficiency symptoms of nutrients identified for waxflower hybrid 
Denmark Pearl grown in pots in a greenhouse. 
 

  

  

Nutrient   Deficiency symptoms   Lea f appearance   
N   Reddening of leaf tip and  

yellow or red - purple green  
leaves to yellowing in  
severe cases     

P   Yellow - green to bronze  
ends of older leaves   
  

  
K   Orange - green older  

leaves   
  

  
Ca   Orange older  leaves   

  

  
M g   Red   - yellow older leaves   

  

  
Micronutrient       
Cu   Orange - green or green - 

yellow older leaves   
  

  
Zn   Gold - green older leaves   

  

  
Fe   Yellow or orange - yellow  

older and younger leaves   
  

  
M n   Red - orange older leaves   

  

  
B   
  

Red older l eaves   
  

  
Co   Green - grey older leaves   
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ABSTRACT 

Grevillea (Proteaceae) is one of the woody Australian native species that have a 
high commercial value in the floriculture market. Some cultivars of Grevillea are 
considered to be difficult-to-root. The objectives of this study were to observe the 
response of Grevillea cuttings to exogenous IBA applied basally and apically, and to 
determine whether or not rooting differences between the difficult and easy-to-root 
cultivars could be explained by differences in endogenous auxin levels. GC-MS analysis 
was used to measure the levels of auxins in the plants.  Grevillea rooting can be increased 
by applying IBA to the top of the cuttings. Rooting differences between the difficult and 
easy-to-root Grevillea cultivars are unlikely to be related to their endogenous auxin 
levels. 

 
INTRODUCTION 

Grevillea (Proteaceae) is a native Australian plant with high commercial value as 
landscape ornamentals and cut flowers (Joyce and Beal, 1999). G. ‘Royal Mantle’ is a 
vigorous prostrate hybrid shrub that is marketed as ornamental hanging baskets and 
ground covers. G.‘Coastal Dawn’ is highly valued as potted ornamental plants and cut 
flowers for domestic and international markets. Plants from these genera are generally 
considered difficult-to-root. The plant hormone auxin has been widely used in 
horticultural practice to induce root formation in cuttings. Besides basal auxin treatment, 
apical treatment has recently been tested for its ability to induce root formation in 
difficult-to-root species (Marks and Simpson, 2000). However, very limited research has 
been conducted on rooting using this method of application. Apical auxin application has 
induced a higher rooting percentage in comparison to basal application in the difficult-to-
root species Syringa vulgaris (Marks and Simpson, 2000). In contrast, the easy-to-root 
Forsythia was equally responsive to IBA applied at the basal or apical end of cuttings 
(Marks and Simpson, 2000). They proposed that in the difficult-to-root Syringa it is 
important for the applied auxin to enter the natural basipetal transport pathways in order 
to be effective in inducing rooting, whereas in the easy-to-root Forsythia the polar auxin 
transport system does not have such an important role. 
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Rooting ability has also been related to the endogenous auxin levels in the plant 
tissue, with higher endogenous auxin correlated with greater rooting (Alvarez et al., 
1989; Blakesley et al., 1991; Caboni et al., 1997; Ford et al., 2002). For example, the 
easy-to-root apple cultivar ‘M51’ with 75% rooting had an endogenous IAA level of 80 
ng.g-1fw, whereas the difficult-to-root cultivar ‘M50’ with 5% rooting had an IAA level 
of less than 20 ng.g-1fw (Caboni et al., 1997). 

 The objectives of this study were to (1) investigate the effectiveness of indole-
butyric acid (IBA) applied apically and basally in induction of adventitious rooting of G. 
‘Royal Mantle’ and ‘Coastal Dawn’; (2) determine if differences in rooting ability between 
the Grevillea cultivars correlate with the endogenous levels of IAA and/or IBA within the plant 
tissue.  
 
MATERIALS AND METHODS 

Cuttings were taken from container-grown, 2 year-old mature stock plants kept in 
a greenhouse at The University of Queensland, St Lucia, Queensland. Cuttings were two 
nodes long with the bases trimmed and the leaves on the lower node removed, leaving 
only one fully-developed leaf. Before planting, the basal end of the cuttings was re-cut 
and IBA was applied at 4 gL-1, 8 gL-1 and 16 gL-1. IBA powder (Sigma) were first 
dissolved in 50% ethanol and diluted with distilled water. For the basal application, the 
basal 10-mm of each cutting was dipped for 5 sec in IBA solution. For the apical 
application, the top 10-mm part of the cuttings was dipped in IBA solution (1 gL-1) for 5 
sec. 

Cuttings were then planted in 4.5 x 4.5 x 7.5 cm tubes. The medium used was peat 
: perlite : vermiculite 1:1:1. Planted cuttings were placed in a mist propagation house. 
Experiments were conducted in a randomised block design. Each treatment was 
replicated 3 times with 10 cuttings per experimental unit. Observations were made at 
weekly intervals beginning 3 weeks after the cuttings were planted, by carefully lifting 
the cuttings from the medium, checking for roots, and replacing the cuttings in the 
medium. Root numbers and root length were evaluated two weeks after the first root 
initiation was observed, and roots > 2 mm length were recorded. Differences in rooting 
success between IBA concentrations, which is a binary response variable, were 
determined through the use of a logistic regression model, genmod procedure (Collet, 
1991).  

For analysis of endogenous auxin levels, the procedure of Symons et al. (2002) 
was followed. Plant tissues were harvested in pools, weighed and immediately frozen in 
liquid N2 and stored at -80 ºC prior to analysis. Samples were then ground in liquid N2 
and extracted with 10 mL of 50% methanol plus 250 mgL-1 butylated-hydroxytoluene 
(BHT). The internal standard was 13C6-IAA and 13C1-IBA at 100 and 10 ng.g-1fw of the 
harvested plant material. The extracts were centrifuged at 10 000 rotation per minute for 
10 min at 5 °C. The supernatant was then purified on Sep-pak cartridges (Waters ®) then 
eluted with 10 mL of 80% MeOH (v/v). For each sample, three to four independent 
extractions were performed. IAA and IBA were   methylated and then trimethylsilylated 
with 3 µL of dry pyridine and 10 µL N2O-bis(trimethylsilyl) trifluoro-acetamide 
(BSTFA) at 80 ºC for 15 to 20 min (Symons et al., 2002) prior to GC-MS analysis.  
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GC-MS-SIM Quantification of Auxin  

GC-selected ion monitoring was performed using a Varian 3800 gas 
chromatograph. A 25 m x 0.32 mm i.d. x 0.52 µm film HP5 fused silica column was 
coupled to the mass-selective detector via an open split interface. Helium was used as the 
carrier gas at an initial flow rate of 2 mL per min at 60 °C under a pressure of 190 kPa. 
Samples were injected in the splitless mode. The temperature of the column oven was 
increased from 50 to 190 °C at 30 °C per minute, then to 270 °C at 10 °C per minute, 
with IAA and IBA eluting under these conditions at 9.6 and 11.0 min respectively.   

   

RESULTS AND DISCUSSION 
Rooting ability and response to IBA treatment in different seasons 
 

G. ‘Royal Mantle’ rooted better than G. ‘Coastal Dawn’ (Table 1) and both 
cultivars demonstrated seasonal rooting. ‘Coastal Dawn’ had a reduced response to 
applied IBA (Table 1).  Since rooting ability varies with season, comparisons between 
IBA treatments were conducted separately for each season. 

In G. ‘Royal Mantle’ application of IBA at low concentration (4 gL-1) 
significantly promoted higher rooting than untreated cuttings in autumn, whereas in other 
seasons higher IBA concentrations (> 4 gL-1 ) were required (Table 1). 

In G.‘Coastal Dawn’ application of IBA only promoted rooting in autumn and 
spring, and had no significant effect in winter and summer (Table 1). In addition, 
increasing IBA concentration from 4 to16 gL-1 did not increase rooting percentage.    

Seasonality of rooting has been reported in other species, e.g. Syringa vulgaris 
and Forsythia (Ford et al., 2002), Actinidia deliciosa  (Caldwell et al., 1988) and Olea 
europaea (Mencuccini, 2003) and this character can be carried over in in-vitro 
propagation (Mencuccini, 2003). The high rooting phase coincides with the resumption of 
growth and high cambial activity and the low rooting phase occurred during winter 
dormancy and low cambial activity (Davies, 1984). However, the role of growth 
substances in the regulation of growth and dormancy, and the regulation of their 
endogenous levels in different seasons, remains unclear. 

 
Method of IBA application  

Apical auxin application was examined since basal auxin application in ‘Coastal 
Dawn’ cuttings only resulted in less than 40% of cuttings producing roots in spring and 
summer (Table 1). Generally, apical application of IBA to ‘Coastal Dawn’ cuttings 
resulted in a higher rooting percentage than control (untreated base) cuttings and was 
statistically significant in autumn (P= 0.029) and spring (P=0.001) (Table 2).   

Increasing apical IBA concentration from 1 to 4 gL-1 did not increase the rooting 
percentage in ‘Coastal Dawn’ (data not shown). The disadvantage of apical auxin 
application was that some of the roots were formed aerially. These roots were formed 
directly from the stem, below but close to the point of application; between the shoot tip 
and the first mature leaf. Occasionally the aerial root formed below the mature leaf.   
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Endogenous auxin levels 
IAA and IBA were present in the leaves and stem of both Grevillea cultivars. 

With the possible exception of IBA levels in the stem in winter, free IAA and IBA levels 
were similar in both cultivars (Figure 1). The endogenous levels of IAA were generally 
higher than IBA. For example, the IAA content in the stem of ‘Royal Mantle’ was 3 
times of that of IBA during winter (Figure 1). The levels of IAA found in this study are 
similar to those reported for pea, e.g. 30 to 40 ngg-1fw (Beveridge et al., 1997), but the 
levels of IBA are higher, i.e. 2 to 10 ngg-1fw, since pea does not have much IBA (Morris 
et al., 2005). Measurement of endogenous IAA and IBA in woody plants has rarely been 
conducted 

Auxin levels in the stems were generally higher than in the leaves. For example, 
the level of IAA in the stem of ‘Royal Mantle’ was 5 times that in the leaf under both 
seasons. 

There were no significant differences in the endogenous IAA or IBA levels 
between the easy and difficult-to-root cultivars, both in the stem and leaves in summer 
and winter (Figure 1).  However, in this study, auxin levels varied between seasons; stem 
and leaf IAA levels in summer were much higher than in winter. In contrast, IBA levels 
were much lower in summer than in winter (Figure 1).  

Variation in endogenous auxin levels between seasons has been reported 
previously (Sandberg and Ericsson, 1987). The decline in IAA levels during the 
progression from active growth to quiescence in Abies balsamea (Sundberg et al., 1987) 
and Pinus sylvestris (Sandberg and Ericsson, 1987) corresponded to changes in cambial 
activity. Since IAA levels were elevated during the growing season compared to the 
dormant period, it was hypothesised that the seasonal level of IAA controls the rate of 
growth. The endogenous IBA levels were not measured in these studies.  

It has been well documented that in the natural annual cycle of growth and 
development woody plants go through periods of shoot growth and shoot dormancy 
controlled by both environmental and genetic factors. Rooting is hypothesised to 
correlate with this cycle of activity, i.e. a high rooting phase coincides with the 
resumption of growth and high cambial activity, whereas the low rooting phase occurs 
during winter dormancy and low cambial activity (Davies, 1984). However, the role of 
growth substances in the regulation of growth and dormancy, and the regulation of their 
endogenous levels in different seasons, remains unclear. 

A certain level of endogenous auxin might be important in order for root 
development to occur. For example, the bushy mutant of pea, which has altered root 
morphology and reduced number and length of lateral roots also has a 12 fold decrease in 
endogenous IAA levels compared to the wild type (Symons et al., 2002). However, there 
was no evidence to suggest that the difficult-to-root Grevillea cultivar might have been 
deficient in IAA or IBA, since their levels were similar in both cultivars (Figure 1). Since 
IAA levels were higher and IBA levels were lower in winter relative to summer, it is 
possible that the ratio of IAA to IBA, or the extent of metabolism of applied IBA to IAA 
and/or to other metabolites is important for rooting in both Grevillea cultivars as has 
previously been indicated in pear by Baraldi et al (1997). IBA metabolism, like plant 
metabolism in general, might be more active in warmer seasons than in cooler seasons, 
resulting in a lower level of IBA in summer than in winter.   
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CONCLUSION 
The two Grevillea cultivars, ‘Coastal Dawn’ and ‘Royal Mantle’, demonstrated 

seasonal rooting, and ‘Royal Mantle’ was easier to root and more responsive to IBA 
application than ‘Coastal Dawn’. Based on the preliminary results obtained thus far apical 
IBA application might be an alternative method of propagating difficult-to-root Grevillea 
requiring lower concentrations. However, more research is required before applying this 
technique on a commercial scale. 

Based on the results of the auxin levels analysed in Grevillea stem, differences in 
ease-of-rooting between the difficult and easy-to-root Grevillea cultivars do not appear to 
be related to their endogenous auxin since there were no significant differences in the 
endogenous IAA and IBA levels between the easy and difficult-to-root cultivars.  
Nevertheless, it is possible that tissue levels of endogenous hormones may mask small 
but important differences in endogenous hormone levels.  
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