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Foreword 
Several major Australian native perennial flower crops which are new to cultivation fail to reach their 
potential when grown in a commercial situation because of inherent problems with their root systems. 
These problems include susceptibility to root diseases, poor root systems, lack of vigour and an 
intolerance of a wide range of soil types. Alternatively, difficulties with clonal propagation of some 
species, such as (Geleznowia verrucosa) Yellow Bells, limit supply or restrict growers to the use of 
variable seedling propagated material. 

Inappropriate wild harvest of some native species has placed them at risk and has been stopped or is 
increasingly limited by environmental legislation. Therefore there is an imperative to find a solution 
to the supply limitations of some new crops. Budding or grafting is routinely used for many other 
horticultural crops to overcome these problems.  

The findings from this project contribute valuable information for the development of the wildflower 
industry through the use of grafted wildflowers for cut flower production. Flower growers, plant 
propagators and consumers will benefit from the uptake of the results in this report.  

This report covers the costs and benefits of using grafted plant material for commercial production, 
the species currently available as grafted plants and their performance both in terms of graft 
compatibility and field performance. In addition on farm survival, yields and seasonality as well as 
postharvest considerations are reported.  

Pests and disease are discussed with a focus on the genus Corymbia enabling the flower grower to 
more easily identify these problems. A detailed study on the nutritional requirements of Corymbia 
maculata is reported to improve clonal propagation of rootstocks in this important genus. 

Identification of the genera Pimelea, Corymbia, Verticordia and Eremophila as target genera for 
future work is a key recommendation of this research. 

Financial support for this project was provided by RIRDC. In addition, financial and technical support 
was provided by Vaughans Australian Plants and financial support and field trialling by flower 
growers Tim Bailey and Karen Burns (Crooby Cottage Wildflowers), Malcolm and Jeanette Baldwin 
(Ellinbank Nurseries), Tom Crossen (Crossfield and Associates), Jeff Grace (The Protea Patch), Harry 
Kibbler (Adei Wildflowers), Gordon and Carol Meiklejohn (Brimstone Waratahs), Craig and Angie 
Scott (East Coast Wildflowers), Jonathan Steeds and Olga Blacha (Southern Cross Native Flora), 
Brian and Pat Sundin (Sandyn Manor Flowers) and Trevor and Pam Winfield (Rosemont Flowers).  

This report is an addition to RIRDC’s diverse range of over 2100 research publications and it forms 
part of our Wildflowers & Native Plants R&D program, which aims to improve the profitability, 
productivity and sustainability of the Australian industry. 

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at 
www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313. 

 

Craig Burns 
Managing Director 
Rural Industries Research and Development Corporation 

http://www.rirdc.gov.au/
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Executive Summary 
What the report is about 

This report documents an integrated approach for on-farm testing of grafted wildflowers on farm. A 
large market exists for out-of-season production of currently grown species and for the provision of 
commercial quantities of new products that have passed preliminary testing or are currently bush-
picked. Many of these species have specific limitations which prevent expansion into new production 
areas or are uneconomic to cultivate because of problems when grown on their own roots. This project 
examined the feasibility of the use of grafted wildflowers at a practical on-farm level with an 
economic perspective. 

Who the report is targeted at 

This report is targeted at members of the Australian Wildflower Industry and propagators who supply 
this industry. It is designed to assist decision making in evaluation of the potential benefit of growing 
grafted wildflowers. 

Background 

The flower industry is a fashion industry. Species fall in and out of favour with consumer trends and 
the industry is continually looking to be able to provide new and novel product. Furthermore, most 
established native flower products have a limited seasonal availability and opportunities exist to 
provide material outside their normal production window. Thus growers are continually searching for 
new species or varieties that may satisfy these opportunities often trying to grow species outside their 
normal habitat. This can produce new problems. 

Grafting is a method of overcoming some of these potential problems and can provide the opportunity 
to grow species outside their normal range. Grafting is a technique where two or more different plants 
(often from different species) are joined together to gain the benefits of the root system of one 
(rootstock) and the form of the other for stem, leaf, fruit or flower (scion). It is regularly used in the 
production of many field grown perennial horticultural crops and is increasingly being used in the 
production of greenhouse grown crops such as tomatoes. In recent years the grafting of native flower 
species has progressed sufficiently to warrant interest from flower growers. A key focus of this 
project was to accelerate the uptake of these developments and facilitate communication between 
propagators and flower growers, rapidly highlighting any problems or opportunities. 

Aims/objectives 

The key aims of this research were to: 

1. Review the current suite of grafted native plants that may be suitable for cut flower production 
and discuss the benefits and risks of using grafted material 

2. Prove the benefits of grafted plants in the wildflower industry though valid on-farm financial data 
on the establishment of grafted perennial crops and potential cost/ benefit.  

3. Foster the production of new product lines on farm in a profitable and environmentally friendly 
manner.  

4. Improve the viability of some currently difficult to grow or low yielding product lines and expand 
their suitability to a greater area within Australia. 

5. Improve the efficiency of Australian flower growers by creating greater yield certainty and 
avoiding plant losses or costly repeat applications of fungicides to control root diseases. 

6. Evaluate new graft combinations at a number of sites around Australia. 
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Methods used  

An open expression of interest was placed in the national press and horticultural trade magazines and 
industry newsletters inviting Australian growers to collaborate in the project. Thirteen growers were 
selected based on growing experience, geographic range and willingness to record information and 
exchange data with other growers. Once selected, discussions were held with each grower to identify 
plant lists targeted to their location and crops each grower was keen to trial. Site assessments and 
rootstock evaluation were made to determine the most appropriate mix of species for trialling at each 
location. 

Rootstock material was then sourced as deemed appropriate at each site. Grafting was carried out at 
both the Gosford Horticultural Institute and Vaughans Australian Plants to provide product for the 
field trials using known successful combinations. Each institution concentrated on particular 
combinations with limited overlap. Existing techniques were used to generate grafted material for 
field evaluation, where comparison of grafted material was undertaken. Grafted plants were evaluated 
at ten growers’ properties across Australia and two Departmental Research Institutes in NSW and 
WA. Seven thousand grafted plants were field tested during the course of the project and planted out 
progressively, allowing improvements in plant selection and new combinations to be incorporated into 
the project.  

Each grower site was visited during the project, to observe and discuss problems and assist in 
determining any changes required. Records of plant establishment, survival, flowering time and yield 
were recorded.  

Results/key findings 

There is a role for grafted wildflowers in the commercial cut flower industry. Plant selection is 
determined by a range of factors that are site specific for the particular grower and their enterprise. 
Grafted plants can still fail with good communication required between growers and propagators to 
determine the best combinations for their specific conditions. Not all species will be economic in all 
areas and consideration of site suitability, plant survival, pest and disease susceptibility, yield, 
seasonality and freight costs are essential. 
 
The species tested with greatest potential for economic return in the wetter areas of Australia are 
Pimelea physodes and Corymbia ficifolia, with Eremophila species and Verticordia grandis the 
greatest prospects in the drier areas. Grafted Chamelaucium and Boronia are suitable for areas where 
these crops are already grown. The rootstock for Boronia although resistant to a number of 
Phytophthora species is still vulnerable to a number of other problems. Similarly, although 
moderately successful, current data means it is hard to justify the cost of growing grafted 
Geleznowia verrucosa.  
 
Development of clonally produced rootstocks for all genera is required to realise the benefits of 
grafting Australian native plants. A strategy has been outlined to improve the nutrient optimisation of 
tissue culture of Corymbia maculata which may have benefits extending to the culture of plants in 
hydroponics or even in-field fertilisation.  
 
Implications for relevant stakeholders: 

The major implication for industry from this project was to demonstrate that specific opportunities for 
grafted wildflowers exist to be economically grown on farms providing growers a greater crop choice. 
The identification of proven graft combinations provides a strong basis for further development of 
these crops, but no single graft combination will be suitable for all situations.  
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Growing grafted plants requires growers to have an understanding of the nature of grafting as well as 
the behaviour and requirements of both the scion and rootstock species. 

The opportunities that exist with grafted plants require clear and regular communication between 
flower growers and their customers to maximise the value to both. 

Recommendations 

The development of a profitable, sustainable and science-based flower industry using grafted 
wildflowers will rely on rigorous applied research and co-operation and communication by all levels 
of industry. There is a need for the facilitation of communication between growers, propagators and 
all aspects of industry and government. 

It is recommended that further research is primarily carried out on two key genera – Pimelea and 
Corymbia for the wetter growing regions with extension to the genera Verticordia and Eremophila for 
drier areas of the country. This research should include a thorough study of the new pest and disease 
combinations that occur as grafted plants are planted in new regions in ensuring success of new crops. 
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1 Introduction 

1.1 Background 

The flower industry is a fashion industry. Species fall in and out of favour with consumer trends and 
the industry is continually looking to be able to provide new and novel product. Furthermore, most 
established native flower products have a limited seasonal availability and opportunities exist to 
provide material outside their normal production window. Thus growers are continually searching for 
new species or varieties that may satisfy these opportunities often trying to grow species outside their 
normal habitat and thus facing new problems.  

Grafting is a method of overcoming some of these potential problems and can provide the opportunity 
to grow species outside their normal range. It is a technique where two or more different plants (often 
from different species) are joined together to gain the benefits of the root system of one (rootstock) 
and the form of the other for stem, leaf, fruit or flower (scion). It is regularly used in the production of 
many field grown perennial horticultural crops and is increasingly being used in the production of 
greenhouse grown crops such as tomatoes. In recent years the grafting of native flower species has 
progressed sufficiently to warrant interest from flower growers.  

This project was commenced on the premise that the grafting of wildflowers had reached a stage 
where significant progress had been made with combinations and it was worth testing the economic 
viability of current combinations as commercial cut flowers. A key focus of this project was to 
accelerate the uptake of these developments and facilitate communication between propagators and 
flower growers, rapidly highlighting any problems or opportunities. 

It was designed to accelerate the entry of this material into the industry allowing the capture of early 
high financial returns that may be achieved but also to highlight any potential flaws early in the 
process, to help refine the development process. 

The major benefits of grafting are to: 

• reduce plant losses in areas where they may be considered marginal 
• be able to grow species in areas where they are not normally able to be grown 
• propagate species that are normally hard to propagate in any manner 
• propagate selected varieties that are difficult to strike on their own roots 
• rapidly propagate large numbers of desirable varieties 
• bring selected species or varieties into flower rapidly avoiding juvenility issues 
• alter plant habit to a more manageable form 

The most critical factor for the financial success (or failure) of a long term perennial crop is the loss 
of production associated with a percentage of annual plant losses. Minimisation of these losses can 
have a significant impact on final returns and overcome a large initial outlay (as seen for grafted 
plants). 

The production of a species in an area where it is not normally grown is fraught with a series of 
unknowns. These include unexpected climactic effects on flowering. A change in climate through 
changes in day length, temperature and rainfall events can alter a plants flowering cycle significantly. 
Added to these that flowering control is influenced by conditions experienced by the rootstock, quite 
unexpected results may occur. In extreme cases this may lead to failure to flower or conversely 
continual flowering year-round. In addition, the elevation of previously low risk or development of 
previously undiscovered pest/host and disease host interactions may occur. Therefore extensive on-
farm testing of commercial grafting combinations is essential to expand our knowledge of many of the 
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species of commercial interest and a mixture of successes and failures were expected, highlighting 
among other things our very limited knowledge and understanding of many of the species with which 
we are working. 

1.2 Aims and objectives of the project 

• Review the current suite of grafted natives that may be suitable for cut flower production and 
discuss the benefits and risks of using grafted material 

• Prove the benefits of grafted plants in the wildflower industry though valid on-farm financial data 
on the establishment of grafted perennial crops and potential cost/ benefit.  

• Foster the production of new product lines on farm in a profitable and sustainable manner.  
• Improve the viability of some currently difficult to grow or low yielding product lines and expand 

their suitability to a greater area within Australia. 
• Improve the efficiency of Australian flower growers by creating greater yield certainty and 

avoiding plant losses or costly repeat applications of fungicides to control root diseases. 
• Evaluate new graft combinations at a number of sites around Australia. 

1.3 Structure of this report 

This report commences with a discussion of the fundamentals of grafting and the techniques used in 
this project (Chapter 2), followed by a review of the benefits and risks of using grafted material 
(Chapters 3 and 4). Chapter 5 assesses a gross margin using sensitivity analysis to outline the 
implications of the extra costs and where the greatest benefits may be achieved from grafted plants. 
Chapters 6 and 7 outline the scion and rootstock species trialled in this project and their origin as well 
as the reasons for their use.  

Chapter 8 outlines the theoretical and practical basis of chosen combinations and the resulting 
compatibility determined. Chapter 9 examines the conditions associated with the Somersby field site 
and the observed flowering times of species at that site. Chapter 10 discusses grower involvement and 
their observations whilst chapters 11 and 12 report on general assessment of each crops success or 
failure and plant yields, survival and seasonality. Chapter 13 discusses postharvest considerations of 
these species with chapter 14 reporting on pest and disease observations with a focus on the genus 
Corymbia. Chapter 15 concentrates on a detailed study of the tissue culture nutrition of Corymbia 
maculata with an aim of the generation of clonal rootstocks to avoid long-term compatibility. 

This is followed by a general discussion and the implications and recommendations from this project.  

1.4 History of grafting Australian native plants 

Grafting of Australian native species began as early as the late 17th and early 18th centuries, with 
Crowea saligna, Clianthus formosus and Philotheca myoporoides and Grevillea spp. grafted in 
Britain (Elliot and Jones, 1980). However, little further work was done in the following period up 
until the mid 20th century. 

The earliest records of budding or grafting of native species in Australia for commercial cut flower 
production include those by Perce Parry in the 1940’s and 50’s. Parry harvested Ceratopetalum 
gummiferum (NSW Christmas Bush) from his bush block at Kariong on the NSW Central Coast for 
the Sydney market and became aware of distinct differences in the form of his seedling population. He 
would cut back hard plants that did not meet his quality standards and bud superior forms onto the 
sucker regrowth in late summer. This was done over 20 years before cutting grown plants became 
available and allowed the production of a uniform superior product (Brian Parry pers. comm.). 
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However, with the advent of successful cutting propagation for this species it became easier and 
cheaper to grow them by cuttings. 

Grafting of native species became more commonplace in the 1960’s with fundamental trials being 
carried out at the Australian Native Botanic Gardens in Canberra by John Wrigley, Peter McIntyre 
and Peter Ollerenshaw. This was later championed at the Victorian Department of Agriculture by 
David Beardsell and in industry by a number of private nurserymen including Graham Parr, Merv 
Hodge, Doug McKenzie and Phillip Vaughan.  

The range of genera that has been grafted at this time included Banksia, Boronia, Casuarina, 
Corymbia, Chamelaucium, Clianthus, Crowea, Darwinia, Eriostemon, Eremophila, Grevillea, 
Melaleuca, Pimelea, Philotheca, Prostanthera, Regelia and Telopea. 

Thus opportunities were rapidly developing for the cut flower industry and new combinations were 
rapidly becoming increasingly available having commercial potential for the cut flower industry; 
however these combinations needed to be thoroughly tested and evaluated. 
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2 Grafting 
Grafting is a technique where two or more different plants (often from different species) are joined 
together to gain the benefits of the root system of one (rootstock) and the form of the other for stem, 
leaf, fruit or flower (scion). 

2.1 Requirements of a successful graft 

The grafting method should allow connection of the vascular tissue between rootstock and scion, form 
a strong stable union and protect the scion from desiccation. The rootstock needs to be compatible and 
free from disease.  

2.1.1 Cambial matching 

Satisfactory matching of the vascular tissue is required for any graft to succeed, thus most grafting is 
performed on dicotyledons and conifers that have a continuous cambial layer under the bark. 
However, some species have very thick bark and care needs to be taken to ensure satisfactory cambial 
alignment. Similarly, suitable scion pieces and rootstocks are often different thicknesses, or due to the 
need to create structural stability, it may only be possible to align one side of a graft. For example in a 
wedge graft of widely different thicknesses of scion and rootstock, the cambium layer should be 
aligned on one side rather than placing the scion in the middle. An example of a successful wedge 
graft of mismatched material is shown in Figure 2.1.  

 

Figure 2.1 A successful graft of Pimelea linifolia onto P. ligustrina showing cambial alignment 
on one side   
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2.1.2 Compatibility 

Compatibility between the scion and the rootstock is the over-riding factor that will determine the 
maximum longevity of any graft combination. Compatibility covers the full spectrum from complete 
incompatibility to complete compatibility. There are several reports of various incomplete 
compatibilities or long delayed incompatibilities in tree crops such as plum and walnut which may 
take 10-20 years to be expressed. The moment of expression of incompatibility is largely determined 
by the local environment. The expression of symptoms of incompatibility may be delayed in a 
favourable nursery environment only to become clear upon transfer to the field (Garner, 1988). 

Incomplete compatibility can be of benefit to the propagator needing to propagate a scion when no 
satisfactory rootstock or method for propagating cuttings is available or when the period until the 
expression of incompatibility is long. We have successfully used this technique to propagate clones of 
Boronia serrulata whilst searching for a compatible stock. 

Garner, (1988) loosely records six basic rules of grafting compatibility: 

1. “The importance of a close relationship for success in grafting is well known, and no one 
would seriously set out to graft a member of one botanical family with a member of another”  

2. “There are indications of a correlation between interspecific hybridization and grafting 
success” 

3. “The botanists’ classification is not a completely adequate guide for the grafter” 

4. “There are many examples of seedlings of a single species, closely resembling one another in 
externals, behaving very differently when grafted with one variety.”    

5. “Symptoms of incompatibility can be delayed for many years” 

6. “Incompatibility at the union can be overcome by the use of an intermediate stem piece or 
bridge of a variety compatible with both scion and rootstock” this is known as double-working 
or using an ‘interstock’. 

As a consequence, every individual combination has to be tested to be certain of a long-term result. In 
many cases, especially where seedling rootstocks are used, this has not been conducted nor is 
financially viable to do so but is done on an average ‘percentage of success’ basis. 

As a general rule successful graft combinations are more likely between more closely related 
individuals such that within species graft combinations are mostly successful. Closely related species 
are usually compatible and the chance of compatibility declines as the degree of separation increases, 
such that the probability of intergeneric graft success decreases as the distance increases through sub-
tribe, tribe and subfamily. 

Intergeneric grafting is routinely performed in many fruit industries with trifoliata (Poncirus 
trifoliata) used as a rootstock for orange (Citrus sinensis) and quince (Cydonia oblonga) used as a 
rootstock for pear (Pyrus communis) although a number of pear varieties often need to be double-
worked. 

 Examples of successful intergeneric combinations of native Australian species are relatively rare and 
often occur in clumps within parts of certain families. For example many Eremophila species have 
successfully been grafted onto Myoporum montanum and M. insulare. A possible explanation for this 
case is noted by Chinnock (2007) when he states “the close relationship between genera in the 
Myoporaceae is reflected in the relatively uniform vegetative morphology and anatomy”.  
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Other examples include the successful grafting of many Prostanthera spp. onto Westringia fruticosa 
Elliot and Jones, 1980) and Chamelaucium uncinatum species and hybrids onto Kunzea ambigua, 
K. flavescens and Leptospermum petersonii (Hodge, 2000). Similarly, some genera within the 
Australian Rutaceae have been shown to be compatible intergenerically whilst many others have not 
(Lidbetter et al., 2003). 

In contrast, incompatibility is known to occur between clones within the same species. Whilst 
botanical classification is not a completely adequate guide to graft compatibility it provides a good 
indication of what may be possible. A better guide to interspecific compatibility may be the ability of 
a pair of plants to produce seed (Garner, 1988). It must be remembered that all graft compatibility 
combinations are clone specific. This can be clearly demonstrated by differential compatibility 
between two clones of Boronia pinnata when grafted onto B. clavata (Section 8.4.1). This along with 
many other examples highlight that each combination must be tested by grafting before its 
compatibility can be determined. 

2.1.3 Seedling variation in rootstocks 

Seed is generally the cheapest propagation material available. However, the examples of 
incompatibility given in Section 2.1.2 highlight how minimal genetic variation may drastically alter 
compatibility status. Thus, seedling rootstocks are generally prone to these vagaries and seedling 
rootstocks should be avoided and the use of compatible clonal lines is encouraged when available. 

One exception to this rule is the case of nucellar polyembrony, where embryos form that are clonal 
with the maternal tissue. This trait is used to propagate clonal seedling lines commercially for cost 
effective citrus grafting. 

 2.1.4 Health of plant material 

Although the scion material also must be healthy and free from disease it does not necessarily need to 
be fresh or actively growing. Experiments carried out at Gosford have shown that Eriostemon 
australasius cuttings held on a propagation bed for six months without forming roots have been able 
to form a successful graft union within three weeks. Similarly, grafts of Pimelea physodes have been 
successful using cut flower material that had been in a vase for 28 days prior to grafting. This was 
only possible when the material was free from disease. 

2.2 Characteristics of a compatible union 

2.2.1 Retention of individual characteristics 

As a grafted plant grows after forming a compatible union, individual cells remain as either scion or 
rootstock cells and no fused cells exist with each component retaining their characteristics right up to 
the graft union. This can be clearly demonstrated by grafts between varieties with different bark types 
or wood colours (e.g. Figure 2.2) or even more dramatically by varieties with different sap colours. 
For example, where ‘an intermediate stem piece, having coloured sap, is inserted between a colourless 
stock and upper scion, the colouring begins and ends abruptly with the intermediate’ (Garner, 1988). 

This is extremely important when grafting for soil borne disease resistance. Grafting itself does not 
confer resistance to the scion; rather it physically separates the scion and disease in space. If a scion is 
grafted too low, or planted too deep it then it becomes almost as susceptible to soil borne diseases as 
an ungrafted specimen. 
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Figure 2.2 A rare successful graft union of Banksia grandis on B. integrifolia 
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2.2.2 Interlocking fibres 

A fundamental characteristic of a compatible union is that the cells on each side of the union interlock 
to provide mechanical strength. Although the cells remaining on each side of the union remain distinct 
they firmly interlock providing strength equal to or greater than the ungrafted stem. Figure 2.3 clearly 
shows that interlocking of cells in a graft of Boronia heterophylla on B. clavata where 12 months after 
grafting it is very difficult to identify the graft union.  

 

Figure 2.3 A longitudinal section of Boronia heterophylla grafted onto B. clavata (arrows 
indicate the change in bark a the graft union) 
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2.3 Symptoms of incompatibility 

Incompatibility is expressed through failure to unite in a strong union, failure to grow in a healthy 
manner or premature death. Some combinations may survive for several months without actually 
joining or growing, while others may grow for several years only to show delayed symptoms of 
incompatibility. Absolute incompatibility is often shown by a clean break at the graft union whereas 
early symptoms of delayed incompatibility include repeated suckering of the rootstock (Figure 2.4). 
Other symptoms of incompatibility include significant scion stem thickening greater than the 
rootstock (Figure 2.5) and discontinuity of the bark at the graft union (Figure 2.6). 

 

Figure 2.4 Suckering of an incompatible seedling Corymbia maculata rootstock under  
C. ficifolia 

 

Figure 2.5 Scion overgrowth of 
Corymbia ficifolia above of an 
incompatible seedling  
C. maculata rootstock  

 

Figure 2.6 Discontinuity of bark on a graft 
of Eucalyptus grandis on  
E. grandis, seven years after 
grafting 
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2.4 Methods of grafting 

Over a hundred grafting and budding techniques exist and these can be divided up several different 
ways. The first logical division is between those that use intact scions (approach grafting) and those 
that use a detached scion. The second separation, described as rind and cleft grafts, relates to how the 
material is manipulated which determines when each type of union can be attempted. 

2.4.1 Approach (attached) and detached scion grafting 

The major benefit of the attached scion method is that the scion has a constant supply of water and 
nutrients provided by its own root system during union formation minimising the risk of desiccation. 
However, as the scion increases in size watering of rootstocks becomes problematic and time 
consuming. Similarly, if grafting is aimed at providing soil borne disease resistance and there is a risk 
that the scion rootstock may be infected with the disease before the scion roots are severed, the 
disease can be transferred to the scion before removal and thus making the graft useless. 

Detached grafting provides much more flexibility in material handling with the ability to collect scion 
material from remote locations and prepare it in the nursery. 

2.4.2 Rind and cleft grafts  

The rind is all the tissues external to the woody core of the stem, not just the bark. Grafting techniques 
can also be divided into those that rely on the rind slipping which can only be done when the cambium 
is growing actively and those that are joined by the types of cuts (cleft) made irrespective of the rind 
slipping which can be done any time of year. 

 2.4.3 Dormancy of scion material 

Scion desiccation is a serious risk to the success of any graft. Approach grafting is the simplest type of 
graft and can be done any time of year without fear of scion desiccation as the scion has its own roots 
attached until a union is formed. However, commercially it is rarely feasible to have the rootstock 
growing next to a scion plant. Thus many traditional grafting techniques for deciduous species depend 
on the use of dormant scion material to allow time for graft unions to form without scion desiccation. 
This idea has been adopted for evergreen species through the use of budding, as wrapping a solitary 
bud avoiding the risk of dehydration of leafy scions. Improvements in managing scion environment 
now allow routine green grafting of leafy scions through careful management of temperature and 
humidity. 

All of the species used in this project are evergreen, so techniques have been utilised or developed 
that allow green grafting of all materials from tissues cultures to pieces of cut flower stem.  

2.4.4 Joining methodologies 

Satisfactory joining methodologies are required to maximise the strength of the union until sufficient 
strength is gained through future growth and to maximise the chance of union formation by holding 
the cambial layers in close proximity until a union is formed.  

The nature of the material and the grafting environment will determine whether the graft needs to be 
sealed or not. Most traditional grafting methodologies require sealing with a plastic film, wax or 
mastic. However, clips are now routinely used for rapidly healing grafts kept in a high humidity 
environment, minimising labour requirements. 
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Wedge graft 

The grafting technique used for most of the grafts performed in this project was the wedge or cleft 
graft. This technique is extremely reliable, easy to perform and flexible with grafts where the scion is 
thinner or equal in diameter to the rootstock. Furthermore it provides good structural support and can 
be easily used in conjunction with a grafting clip. It also allows for the use of large pieces of grafting 
material to accelerate the development of the scion. 

This graft is performed by slicing down each side of the scion base to end in a fine point forming a 
wedge. A split is made in the top of the rootstock the same length as the scion wedge. The scion is 
then inserted into the cut in the rootstock so that the top of the scion cuts are in line or just above the 
rootstock. After ensuring that there is good cambial contact, the union area is then wrapped firmly 
with Parafilm® or held tightly with a clip. 

The scion usually has the upper leaves retained, with leaves around the graft removed for operational 
convenience as well as allowing a short unbranched section of stem to develop above the graft union. 
Occasionally if the material is vigorously growing the tip may be removed to avoid dehydration in the 
first few weeks following grafting. Scion pieces are generally 3 to 15 cm long and ideally chosen to 
match the rootstock thickness. 

2.4.5 Use of interstock 

In some cases where a desirable scion is not compatible with a desirable rootstock it may be possible 
to create a successful graft by using a piece of a third variety or species in between the scion and 
rootstock acting as a bridge. This piece is referred to as an ‘interstock’ and the process called double-
working because it requires two grafts to complete. This technique has been used successfully to graft 
Boronia serrulata and Pimelea spectabilis onto suitable rootstocks.  

2.4.6 Mummy wrapping 

An alternative to maintaining a leafy scion is to use a technique described as Mummy wrapping or 
Mummy grafting was first introduced by Merv Hodge in the late 1980’s (Olde and Marriott, 1994). 
This technique takes longer than other grafting methods to perform but reduces the level of aftercare 
required and has proved very successful for a number of Proteaceae genera in particular.  

This is almost an extension of budding techniques, using a piece of stem with several buds and the 
leaves removed. Instead of using budding tape to wrap the grafts narrow strips of Parafilm® or 
Nescofilm® are used to seal around the grafted area. These films are thin, clear, and pliable having the 
ability to stretch and stick to themselves. Mummy wrapping uses the film as a complete seal for the 
scion, providing a moist and humid area around the scion whilst keeping excess water out. The leaves 
on the scion are removed leaving a small section of petiole prior to grafting so that they do not 
interfere with the wrapping and reduce the risk of foliar disease developing under the wrapping. After 
preparation the scion material can be completely wrapped ensuring no gaps with film from the base up 
and stored in a refrigerator for several days prior to grafting. At grafting the film near the base of the 
scion is removed, the graft performed and completed by wrapping the graft firmly. 

These grafts may be left outdoors in full sun and it is a perfect technique for in-field grafting (Figure 
2.7). With exposure to normal levels of ultraviolet light the wrapping eventually breaks down with 
time allowing the developing leaf buds to break through without any major aftercare (Figures 2.8-
2.11). Another advantage of mummy grafting (Figure 2.11) is the isolation of the grafted material 
from other grafts providing protection from external infection. In addition it isolates asymptomatic 
infected material and its transparency allows later identification as the infection spreads and removal 
of infected material prior to cross infection. 
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Figure 2.7 A mummy wrapped Telopea speciosissima (Waratah) wedge graft in the field six 
weeks after grafting. Note shoot below graft union (arrow) needs to be removed

 

 

Figure 2.8 Corymbia ficifolia grafted onto 
C. maculata in a 100mm square 
tube three weeks after grafting 

 

 

 

Figure 2.9 Close-up of Figure 2.8 showing 
the wedge graft and first buds 
breaking out of the mummy 
wrapping shown previously 
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Figure 2.10 Close-up of a growing Corymbia ficifolia bud two weeks after grafting protected 
by the petiole. Note the moisture build-up under the Parafilm® and how the leaves 
have been trimmed leaving a small piece of petiole to protect the new buds

 

Figure 2.11 Close-up of a Corymbia ficifolia 
bud emerging from the mummy 
wrapping, note the protective 
petiole is still intact and healthy 

 

Figure 2.12 Close-up of an infected 
Corymbia ficifolia scion 
highlighting the need for clean 
material and a hygienic work 
environment 
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2.4.7 Shield or ‘T’ budding 

This very common technique is suitable for stems less than three years old or where the rind is not too 
thick to cause difficulties. It is normally carried out in the height of the growing season when the rind 
can be easily parted from the wood using a budding knife. 

Axillary scion buds are preferentially taken from shoots of the current season’s growth. A shallow 
slicing cut is made starting 1 cm below the bud and coming out well above it leaving a tail for 
handling. The stock is prepared by making a T incision through the rind to the wood. The rind is lifted 
and the bud inserted (ensuring correct polarity) by sliding the bud down ensuring the bud lies between 
the edges of the rind. The tail is trimmed exactly at the horizontal incision and the bud firmly 
wrapped. Whatever tying material is used the bud must be held tightly and thereafter the stock must 
not be constricted. It is important not to crush the bud under the tying material. To this end the bud is 
often left exposed or the bud itself may be wrapped lightly using an expanding tape such as Parafilm®. 
Note where axillary buds are used, a small piece of petiole is often retained partly as a handle but also 
as a resource for the developing bud.  

This technique is more suitable for woody stemmed material where the buds are large and easily 
visible as it is important to be able to easily lift the rind and accurately place the bud. Figures 2.13 and  
2.14 show the technique demonstrated on Telopea speciosissima (Waratah). 

 

Figure 2.13 A shield or ‘T’ budded  
Telopea speciosissima 
(Waratah) in the field before 
wrapping 

 

 

Figure 2.14 A shield or ‘T’ budded  
Telopea speciosissima 
(Waratah) after wrapping with 
Parafilm® wrapping 
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Figure 2.15 Healthy union, bud shot away 
after stem beheaded above 
bud, in Spring following late 
summer budding 

 

 

 

 

 

 

 

Figure 2.16 Evidence of a Waratah bud 
borer commonly known as 
Macadamia twig girdler 
(Xylorycta luteotactella) taking 
advantage of the new growth 
surrounding the freshly joined 
bud
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It should be noted that this technique can favour insect pests such as bud borers, that require physical 
protection from predators (Figure 2.16) and appropriate insect control measures should be put in 
place. 

2.5 Aftercare  

2.5.1 Temperature 

Graft union formation is dependent on the growth of cells to unite the stock and scion. Each species 
has an ideal temperature to maximise cell growth and graft formation. Experience has shown that 
temperatures in the range of 18-25ºC are appropriate for most species, although some may even prefer 
it a little warmer. The problem as temperature increases, higher rates of fungal and bacterial growth 
can occur, thus increasing the risk of infecting all plants.  

2.5.2 Humidity maintenance 

Maintaining high humidity is essential when using the green grafting technique. Ideally, humidity 
should be kept just below saturation point, minimising scion dehydration whilst avoiding 
condensation of free water at the graft union. This can be achieved in several ways from the use of 
fogging systems, wet cloches, moist grafting boxes and even zip-lock bags or polythene tubing around 
the graft union. At ideal grafting temperatures a change in temperature rapidly changes the ability of 
the air to hold moisture having a dramatic effect on humidity. Minimising rapid temperature changes 
reduces the risk of drying out and condensation problems associated with fluctuations in humidity. To 
this end green grafting is often done in a structure that is virtually a greenhouse within a greenhouse.  

2.5.3 Light Level 

Successful formation of a graft union does not require the presence of light. In fact bench grafted 
grapevines are often packed in vermiculite in foam boxes and stored in controlled temperature rooms 
to minimise temperature variation and maximise callusing rates. However, when green grafting, a 
certain amount of light is usually required to provide an energy source for continuously respiring plant 
material. This may only need to be as little as 5-10% of natural daylight but these levels should be 
gradually lifted as graft union formation takes place to enable rapid hardening off once the graft union 
has been fully formed.   

2.5.4 Sucker removal 

It is inefficient and often disadvantageous to remove all potential buds on the rootstock prior to 
grafting. However, removing the first few developing rootstock shoots during the initial inspections 
two to three weeks after grafting can significantly improve the graft union success and overall quality 
of the graft.   

2.6 Field maintenance of grafts 

2.6.1 Sucker removal 

All graft combinations may sucker occasionally and this often occurs following hard pruning or 
harvesting or some other form of stress or damage to the plant. These suckering shoots need to be 
removed as close to the stem as the possible as soon as possible to minimise the scarring. It is good 
practice to inspect plants every few months but particularly three to four weeks after flower harvest 
for signs of suckering. 
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2.6.1 Soil level 

Where a graft is designed to ameliorate against a soil borne disease it is critical that the soil level is 
kept well below the graft union as any wound including those from flower harvesting may be 
sufficient to allow the organism to penetrate the scion. As previously discussed a resistant rootstock 
does not confer resistance to the scion cells but only physical separation from the problem. A build-up 
of soil around the graft union and or rain splash may be sufficient to allow infection and subsequent 
death. 
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3 Benefits of grafting 
3.1 Why graft? 

There are three main reasons to use grafting or budding. The first is to provide a healthy root system 
on a difficult to vegetatively propagate form or species. This includes the common situation where a 
species may not be true-to-type from seed or the seeds themselves are difficult to germinate. 
Furthermore, many plants remain difficult to propagate by cuttings especially after they have flowered 
and switched from a juvenile to a mature form. Alternatively, a cultivar may have successfully been 
initiated into tissue culture, but be difficult to bring out of culture successfully. In this situation tissue 
culture material may be successfully grafting onto ex vitro seedling material as long as careful 
humidity control is observed. 

The second reason grafting is used is to allow the rapid multiplication of a limited amount of stock 
material. Thus if a new desirable variant or sport is produced grafting can allow rapid multiplication 
with as little as a single bud. 

The third and most common and important reason for grafting is to confer a beneficial effect on the 
scion. This includes changes in habit, plant size or creating a tolerance or resistance to some adverse 
condition such as the presence of a pest or disease, heavy or alkaline soil, drought or water-logging. 
These benefits are discussed in greater detail in the remainder of this chapter. 

3.2 Precocity – time to first harvest 

For many perennial plants, the first flowering of seedlings may not occur for several years due to 
juvenility of these plants. In contrast this project has shown saleable flowering stems of grafted plants 
may be obtained in as little as 9 -18 months. Furthermore, the final flowering form, particularly colour 
and size of seedlings can rarely be determined with complete certainty until flowering. 

In species that are easy to propagate juvenility can be avoided by production using cuttings. However, 
the ease of adventitious root formation in many woody species declines with age. Therefore, if 
possible, it is usually important to maintain stock plants in or return them to a juvenile state 
(Hartmann & Kester, 1990). Various methods exist to return a plant to its juvenile state and these are 
often used for the commercial production of woody plant cuttings. However, these techniques have a 
tendency to restore juvenility to the material for longer than the rooting process and thus restore the 
new plants at least temporarily to a juvenile form. For example, the first flowering of Corymbia 
ficifolia may not occur until 3-5 years after germination. When this species is grafted as a seedling 
onto another seedling rootstock for disease resistance, it will not flower any earlier, retaining its 
juvenile phase and form reaching a height of several metres before flowering. In contrast when 
grafting a piece of mature scion material, the plant created takes the form of the tree canopy branching 
early and flowering on all suitable branches and flowering occurs as early as 20 months from grafting 
(Figure 3.1a-d).  

The general advantage of grafting over cuttings is the rootstock provides an already established root 
system. This can give a significant advantage in establishment from of up to several months, often 
leading to a difference in when the first harvest can be made, potentially by as much as a year, helping 
to payback earlier the extra costs associated with a grafted plant.
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a) At planting, grafted ‘adult’ clone 
(foreground), grafted seedlings (background)  

 

c) Grafted adult variety ‘Bronze Orange Red’ 
24 months after planting – 3rd flowering 

 

b) 12 months after planting, grafted seedlings 
(foreground)  

 

d) Grafted seedling variety 24 months after 
planting – 1st flowering  

 

Figure 3.1 Comparison of grafted seedlings versus grafted adult forms  
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3.3 Change in form - cropping efficiency 

The use of a mature scion instead of juvenile scion material dramatically alters the plant form for 
some species more efficiently than any other management tool. For genera where there is a distinct 
phase change between juvenile and adult it can be seen to dramatically alter plant form (Figure 3.2a-
b). In most cases this change is for the better. As discussed previously with regard to Corymbia, this 
brings flower height down to an easy to manage level where all management can be done from ground 
level without the need for harvesting aids such as pole pruners, ladders or raised platforms. 
Furthermore the changed branch structure provides more harvestable stems at an easily accessible 
height (Figure 3.1 c-d).This effect is more evident for the pure Corymbia ficifolia lines in comparison 
to the C. ficifolia x C. ptychocarpa hybrids which do not have the same regular even branch structure. 
This irregularity is presumably an effect of the C. ptychocarpa parentage. 

a) seedling scion b) adult scion 

  
 

Figure 3.2 Comparison of grafted seedlings versus grafted adult scions 12 months after 
grafting   

3.4 Scion vigour and plant size 

Added vigour or dwarfing conferred by the rootstock is a valuable benefit of grafted plants and 
provides a continuing benefit for the life of the crop. 

Increased vigour can lead to obvious direct increases to yield per plant for weaker varieties, both in 
harvestable stem number and through longer stems which usually equates to higher returns. 
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Alternatively, dwarfing can create an even more significant return per hectare for vigorous species as 
higher yields per hectare can be achieved at higher planting densities whilst reducing the need for very 
hard pruning often required for vigorous plants (Reddy et al., 2003). 

3.5 Disease and pest resistance 

Sarooshi et al., (1999) reports that Phytophthora root rot can be a devastating disease for plants in the 
family Rutaceae, and that Phytophthora resistance is a common reason for grafting citrus, with 
particular rootstocks also conferring resistance or tolerance to Citrus nematode (Tylenchulus 
semipenetrans) and Tristeza virus (Closterovirus sp.).   

In this project the rootstock Boronia clavata was chosen due to its perceived resistance to pathogenic 
species of Phytophthora.  

3.6 Tolerance of soil conditions 

Rootstocks can have a variable response to cold, pH, flooding, drought and salt. Lime tolerance can be 
determined through variable levels of visible iron chlorosis and is used as a rootstock screening 
technique (Roose, M.L., 2008).  

3.7 Altering flowering time 

It has long been known that rootstock choice can affect timing of bloom (flowering) in stonefruit. 
Recently, it has been shown that this response is a combination of the response of flowering attributed 
to chilling hours experienced by the scion and a response by the rootstock to soil temperature 
independent of air temperature rather than the flower buds acting independently. The rootstocks 
within one species alone can influence flowering date by up to ten days (Malcolm, 2004). 

The possibility of different rootstock clones and particularly different species impacting flowering 
time of grafted wildflowers can not be underestimated but has yet to be observed. This effect would 
be expected to vary more greatly when rootstocks of different species are used. 
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4 Risks of using grafted material 

4.1 Higher plant costs 

The extra labour and bench time involved in the production of a grafted plant automatically means 
that a grafted plant will cost more than an equivalent cutting grown plant. If the grafted plant is 
appropriate to the site and growing system this extra cost will easily be absorbed.  

4.2 No silver bullet 

Just because a plant is grafted does not automatically mean that it is more appropriate in all growing 
conditions than an ungrafted plant. Similarly, not all rootstocks are suitable to all conditions and 
extensive research has been carried out on perennial fruit crop rootstocks to show the specificity of 
each rootstock/ scion combination in different growing environments.  

4.3 Graft incompatibility 

Graft incompatibility is simply the inability of a combination between a particular scion and a 
rootstock to unite and grow successfully despite being grafted under optimum conditions. 
Incompatibility exists at the clonal level but can often be accurately generalised (but not always) to 
the species level. In most cases graft incompatibility will be observed in the weeks following grafting 
and can be easily confused with poor graft management until a propagator becomes confident with 
their own knowledge and skill level. However, there are a significant percentage of cases where the 
combination fails at a later stage and this is termed delayed incompatibility.  

Delayed incompatibility is the bane of all plant grafters and growers. Plant combinations may appear 
to be satisfactory and grow vigorously before failing one, three or even forty years later (Garner, 
1988). Although most flower growers would be satisfied with any graft that lasted ten years, grafting 
of native species has only a relatively short history and many combinations have not even been tested 
for that length of time.  

Incompatibility can occur at all taxonomic levels, but the risk is reduced with genetic proximity. All 
seedlings have genetic differences no matter how small or hard to detect. In some cases this leads to 
variation in graft compatibility and this effect is particularly noticeable with the genera Corymbia and 
Banksia where an identifiable percentage of seed from a batch may be determined to be incompatible. 
An example is illustrated in the incompatible intraspecific graft shown back in Figure 2.6. For this 
reason most established commercial grafting is done on vegetatively propagated clonal rootstocks or 
from polyembryonic nucellar seedlings which can be selected for the maternal true to type form such 
as in the Citrus industry. 

4.4 Inappropriate rootstocks to location 

Although one rootstock may outperform all other rootstocks at one location, this does not 
automatically confer site suitability across a range of locations. The simplest and generally most 
reliable method is to test grow the rootstock choices on site first. However, this can take considerable 
time and will not always guarantee success so a trial planting of the graft combination is always 
recommended. 
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4.5 Risk of root bound plants 

Any root bound plant where the roots are circling inside the pot may be a ‘time-bomb’ waiting to fail 
with some species being at greater risk. Grafting often increases this risk as rootstocks that are not 
cutting grafted are held for longer in tubes out of necessity during the grafting process. Thus plant 
management is required to ensure that rootstocks are managed appropriately by the propagator to 
avoid this situation occurring.  
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5 Preliminary Gross Margin Assessment 

5.1 Background 

The economics of flower growing are often overlooked and growers often misidentify where their 
biggest costs occur in their businesses. Following separate good work by Gerry Parlevliet in WA 
(Floriculture News, June 2004) and the team in Queensland that produced the ‘Should I grow 
Wildflowers’ (Carson, 2000) on the ‘Economics of Production of Waxflower’, this project utilised 
their assumptions to analyse the production costs hidden in their gross margin and cash flow budget 
analyses.  

5.2 Aims 

The major aim of this assessment is to understand the main factors which affect cumulative net returns 
(CNR) of a standard flower growing enterprise budget by breaking down the cost components. This 
assessment will make a comparative study of cumulative net returns under different plant price and 
plant loss estimates to evaluate the potential cost effectiveness of grafted wildflowers.  

5.3 Method 

The Queensland Cash Flow Budget (Carson, 2000 reproduced in Table 5.1) and their standard 
assumptions were used as a basis for this analysis. Costs were broken down as proportions of net cost 
over 5 and 10 year timeframes into establishment, operating, and harvest, processing and packaging 
costs to understand the importance of each factor. A factorial sensitivity analysis of cumulative net 
return at three annualised plant loss rates (0, 5 and 10%) and four plant prices ($1.50, $5.50, $10.50 
and $15.50 ea) was conducted. These increased plant prices are used to highlight the effect of higher 
plant prices (which may occur with grafted plants) versus the impact of plant losses.  In addition the 
effect of a 10% yield increase at the 10% annualised plant loss rate is also compared. 

5.4 Results 

The first conclusion that can be drawn is that the cost of harvesting, packing and shipping product 
(predominantly labour costs) invariably account for 60-80% of the total cost of producing the final 
product (Table 5.2). This has immediate implications if your crop is not up to a satisfactory quality 
standard. It may well avoid ‘throwing good money after bad’ by not picking and shipping product at 
all if the return is expected to fall below the cost of harvest. The data also highlights the low cost of 
plant material at 2-3% of overall costs and around 1-2% of income once a crop has been grown for 5 
years. 

What is more intriguing is where profit may be increased assuming we leave issues of improved 
quality, price received and efficiency of production alone for the purpose of this exercise. This 
assessment assumed that the cost of fertilising, spraying, weeding and maintenance remains 
approximately the same regardless of plant numbers as the whole block still needs to be managed in 
any case despite gaps. 
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Table 5.1 Cash flow budget for waxflower (Carson, 2000) 

  Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 
Income $           
Yield (420g bunches per 
plant for USA market) 2 8 10 12 12 12 12 12 8 6 
Surviving plants (number) 1 980 1 782 1 604 1 443 1 299 1 169 1 052 947 852 767 
Yield (Bunches ha) 3 960 14 256 16 040 17 316 15 588 14 028 12 624 11 364 6 816 4 602 
Gross return            
(@$2.30 per bunch) 9 108 32 789 36 892 39 827 35 852 32 264 29 035 26 137 15 677 10 585 

Expenditure $           
Establishment           
Plants 2200 @ $1.50 3 300          
Irrigation 3 000          
Weedmat 4 000          
Soil preparation 1 200          
Labour (planting) 820          
Contingencies 1 000          
Operating           
Fertiliser 150 300 400 500 500 500 500 500 500 500 
Chemicals 250 350 400 400 400 400 400 400 400 400 
Maintenance (pruning, 
weeding) 1 250 1 250 1 250 1 250 1 250 1 250 1 250 1 250 1 250 1 250 
Spraying 500 1 000 1 250 1400 1400 1 400 1 400 1 400 1400 1 400 
Harvesting, packing and 
packaging ($0.85 per bunch) 3 366 12 118 13 634 14 718 13 250 11 924 10 730 9 659 5 793 3 912 

Freight ($0.10 per bunch) 396 1 426 1 604 1 731 1 559 1403 1 262 1 136 682 460 
Contingencies 750 750 750 750 750 750 750 750 750 750 

Total Expenditure 19 982 17 194 19 288 20 749 19 109 17 627 16 293 15 096 10 775 8 672 
Net return -10 874 15 595 17 604 19 078 16 743 14 637 12 742 11 041 4 902 1 913 
Cumulative net return -10 874 4 721 22 325 41 403 58 146 72 783 85 525 96 566 101 468 103 381 
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Table 5.2 Breakdown of total cumulative expenditure costs after 5 and 10 years as a percentage 
for waxflower production from Table 5.1 

Expenditure 
After 5 
years 

After 10 
years 

Establishment   
Plants 2200 @ $1.50 3.4 2.0 
Irrigation 3.1 1.8 
Weedmat 4.2 2.4 
Soil preparation 1.2 0.7 
Labour (planting) 0.9 0.5 
Contingencies 1.0 0.6 
Total establishment 13.8 8.1 
   
Operating -pre-harvest   
Fertiliser 1.9 2.6 
Chemicals 1.9 2.3 
Maintenance (pruning, weeding) 6.5 7.6 
Spraying 5.8 7.6 
Total operating 16.0 20.1 
   
Operating harvest onwards   
Harvesting, packing and 
packaging ($0.85 per bunch) 59.3 60.1 
Freight ($0.10 per bunch) 7.0 7.1 
Total operating harvest 
onwards 66.3 67.2 
   
Contingencies 3.9 4.6 

 

Having fixed most of the variables, plant cost, yield and annual plant loss remain. The original budget 
makes assumptions of $1.50 plant price, annul plant losses of 10% of remaining plants and a yield that 
increases to 12 x 420g bunches per plant by year 4, holding until year 8 and then declining. The 
cumulative net return (CNR) over 10 years was $103 381 per ha. 

Over a 10 year crop life increasing individual plant yield by 10% increases CNR by 15% as the 
establishment costs are amortised over more bunches. However, if annual plant losses are reduced 
from 10% to 5% the increase in CNR is significantly greater at 51%. Furthermore if annual plant 
losses are reduced another 5% to 0% the increase in CNR over the 10% loss rate is 118%. This is due 
to a per hectare yield increase of 33% and 77% respectively over the base assumptions, achieved 
without any increase in yield per plant. The remaining increase is due the amortisation of all non 
harvest production costs across the greater yield. Thus to achieve the same effect of reducing plant 
losses from 10% to no losses (0%), a grower would have to lift yield per plant 77% in this example.  
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Table 5.3 Sensitivity analysis – cumulative cash flow (excluding capital costs) per hectare of waxflower at three loss rates and four plant prices. All 
other assumptions as per Table 5.1   

  Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 
% relative to 
baseline at 10 years 

10% plant losses   Cumulative cash flow (excluding fixed costs) per hectare    
Plant costs            
$1.50ea -10 874 4 722 22 326 41 402 58 146 72 784 85 526 96 568 101 469 103 382 100% 
$5.50ea -19 674 -4 078 13 526 32 602 49 346 63 984 76 726 87 768 92 669 94 582 91% 
$10.50ea -30 674 -15 078 2 526 21 602 38 346 52 984 65 726 76 768 81 669 83 582 81% 
$15.50ea -41 674 -26 078 -8 474 10 602 27 346 41 984 54 726 65 768 70 669 72 582 70% 

  Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 
% relative to 
baseline at 10 years 

5% plant losses   Cumulative cash flow (excluding fixed costs) per hectare    
Plant costs            
$1.50ea -10 577 7 222 28 646 53 393 76 682 98 593 119 193 138 545 149 224 155 600 151% 
$5.50ea -19 377 -1 578 19 846 44 593 67 882 89 793 110 393 129 745 140 424 146 800 142% 
$10.50ea -30 377 -12 578 8 846 33 593 56 882 78 793 99 393 118 745 129 424 135 800 131% 
$15.50ea -41 377 -23 578 -2 154 22 593 45 882 67 793 88 393 107 745 118 424 124 800 121% 

  Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 
% relative to 
baseline at 10 years 

No plant losses   Cumulative cash flow (excluding fixed costs) per hectare    
Plant costs            
$1.50ea -10 280 9 830 35 480 66 820 98 160 129 500 160 840 192 180 211 640 225 160 218% 
$5.50ea -19 080 1 030 26 680 58 020 89 360 120 700 152 040 183 380 202 840 216 360 209% 
$10.50ea -30 080 -9 970 15 680 47 020 78 360 109 700 141 040 172 380 191 840 205 360 199% 
$15.50ea -41 080 -20 970 4 680 36 020 67 360 98 700 130 040 161 380 180 840 194 360 188% 

  Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 
% relative to 
baseline at 10 years 

10% losses, 10% yield increase   Cumulative cash flow (excluding fixed costs) per hectare    
Plant costs            
$1.50ea -10 339 7 181 26 950 48 364 67 213 83 744 98 191 110 766 116 588 119 122 115% 
$5.50ea -19 139 -1 619 18 150 39 564 58 413 74 944 89 391 101 966 107 788 110 322 107% 
$10.50ea -30 139 -12 619 7 150 28 564 47 413 63 944 78 391 90 966 96 788 99 322 96% 
$15.50ea -41 139 -23 619 -3 850 17 564 36 413 52 944 67 391 79 966 85 788 88 322 85% 
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5.5 Discussion 

From this assessment an obvious question arises; ‘if small increments in increasing yield are shown to 
have little effect on returns and plant losses a major effect, how can plant losses be reduced? The 
immediate answer may be better or more appropriate planting material. The next question becomes: 
how much can a grower afford to spend on improved planting material? The answer is – it depends. 
Table 5.3 explores this question in more detail presenting the cumulative net cash flow over the 10 
year life of the crop at annualised plant loss rates of 0, 5 and 10% and plant costs of $1.50, $5.50, 
$10.50 and $15.50. These are compared with the effect of a 10% yield increase paired with the 
original 10% plant loss rates at all four plant prices.  

When examining the reduction of annualised losses from 10 to 5%, paying seven times more for plant 
material still sees the grower better off by Year 6. Even when paying ten times as much ($15.00) for 
plant material the grower is still ahead at Year 7. This situation would be even more greatly 
exaggerated if a grower could reduce plant losses to near zero. Even when paying ten times as much 
($15.00) for plant material the grower is still ahead at Year 4 and 50% in front by Year 7. Thus in any 
scenario where plant losses are an issue, the benefit of paying for higher quality planting material 
makes clear financial sense. 

How is this relevant to the use of grafted plants? This assessment indicates the use of grafted plants 
will have a greater financial benefit if their use relates to a problem that causes plant death rather than 
purely affecting yield. Moreover a modest reduction in annual plant losses easily justifies a grower 
paying a much higher up-front plant cost for quality plants. Similarly, if the grafted plants can 
generate higher bunch prices by being new desirable varieties or moving flowering to the beginning or 
end of season, a similar justification can be made.  

A separate analysis not shown indicates that replanting gaps from dead plants is an option that will 
slightly reduce the effect of plant loss. However, it comes with associated replanting costs, 
increasingly leads to plantings of mixed size and vigour and is unlikely to be successful when the 
problem is a root disease such as Phytophthora.  

 

 



 

 29 

6 Scion Species 
This chapter gives a short description of the key species chosen as scion material as part of this 
project and describes aspects of their occurrence in nature as well as pertinent facts observed in 
cultivation which may have implications for flower growers to consider. 

6.1 Family Thymeleaceae 

6.1.1 Pimelea 

The genus Pimelea has 108 species and 91 species in Australia which are all endemic and occur from 
the tip of Cape York, through Central Australia to the southern tip of Tasmania and far south-west of 
WA (Rye, 1990). 

6.1.1.1 Pimelea nivea Labill.          Snowy Pimelea 

P. nivea is endemic to Tasmania. It occurs close to the coast, mainly at low altitudes on hillside often 
in rocky ground. It has very distinctive elliptic to circular foliage, dark green and hairless above 
contrasting with the white, densely hairy lower surface and stems making it an excellent cut foliage 
(Figure 6.1). It is a shrub from 0.3 to 3.5 m high, and generally flowering from September to February 
(Rye, 1990). 

6.1.1.2 Pimelea physodes Hook.                Qualup Bell 

P. physodes occurs from Gairdner River to Ravensthorpe (in an area 200km NE of Albany, WA) in an 
area roughly 40 x 100km. It is the only species in the genus with a large bell-like inflorescence, 
consisting of red to green bracts (Figure 6.1). It is a shrub 0.2-1.0 m high, naturally occurs in sand 
often with gravel or rocks on plains or hillsides and flowers from July – October (Rye, 1990). 

At Narara, in the nursery situation, different clones have flowered April-February (11 months of the 
year). Although this is not always on sufficient stem length it indicates that plants could be managed 
intensively to produce two crops a year with a sufficient understanding of flowering control. 

6.1.1.2 Pimelea spectabilis Lindl.     Bush Rose, Bunjong  

P. spectabilis is endemic to south-western Western Australia occurring in two main areas. on the 
eastern to southern eastern outskirts of Perth and near the coast from Cape Naturaliste to Fitzgerald 
National Park generally within 50km of the coast. It is a shrub 0.5-2.0 m high, naturally occurring in 
gravelly or rocky sand often on lateritic ridges or rocky slopes and flowers (Figure 6.1) from August-
December (Rye, 1990). 

6.2 Family Proteaceae 

6.2.1 Banksia 

The genus Banksia has approximately 73 species all of which occur in Australia of which 72 are 
endemic. The greatest concentration can be found in south-western Western Australia and adjacent 
regions where 58 species are located. One tropical species exists and can be found from the 
Kimberley to Cape York whilst the rest naturally occur within a few hundred kilometres of the coast 
from the Eyre Peninsula in South Australia to south eastern Queensland and throughout Tasmania 
(George, 1987).  
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Many of the western species are desirable as cut flower and as garden specimens but there has been 
little success growing them in the coastal areas of the eastern states except on deep sands. 

6.2.1.1 Banksia praemorsa Andrews       Cut-leaf Banksia 

B. praemorsa occurs in the coastal areas near Albany, WA and is a dense, tall upright shrub to 5m 
high with large 35cm x 10cm flower heads that occur in two colour forms, either deep red to purple or 
green and yellow (Figure 6.1). Flowering occurs over an extended period at any one locality and has 
been recorded from June – November across its range (Elliot and Jones, 1984).  

It is used largely as a foliage or even wind-break but has been used in this study as a semi-commercial 
species that has some known graft compatibility. 

6.2.2 Telopea 

The genus Telopea has 5 species endemic to eastern Australia occurring from the Gibraltar Range in 
northern New South Wales and down the coastal zone into Victoria with one species endemic to 
Tasmania (Crisp & Weston 1995).  

6.2.1.1 Telopea speciosissima Sm.          Waratah 

T. speciosissima grows on sandy soils with a clay base over sandstone from Ulladulla north to the 
Watagan Mountains and west to the Blue Mountains. It is a medium upright shrub with one to many 
erect branches to 3m high. It has large red terminal inflorescences (Figure 6.1) usually in August to 
November but with a more restricted spread at any one site.  

6.3 Family Myrtaceae  

6.3.1 Chamelaucium  

The genus Chamelaucium is restricted to south-western Western Australia (Elliot and Jones, 1984).  

6.3.1.1 Chamelaucium uncinatum Schauer         Geraldton waxflower 

C. uncinatum is a medium to tall shrub naturally occurring in a wide area in the sandplains north from 
Perth for over 500km stretching inland up to 150km Florabase, 2009) and flowers (Figure 6.1) from 
August – January (Elliot and Jones, 1984).  

6.3.2 Corymbia 

The genus Corymbia contains c. 113 species mainly consisting of the bloodwoods and ghost gums 
which were formerly part of the genus Eucalyptus (Hill and Johnson, 1995). They occur in all 
mainland states but are generally distributed across northern Australia and some extending further 
north. However, some common species occur in the south-east including spotted gum (C. maculata), 
Red Bloodwood (C. gummifera) and Yellow Bloodwood (C. eximia) and three species occur in south-
western Western Australia including red flowering gum (C. ficifolia) and Marri (C. calophylla). 

6.3.2.1 Corymbia ficifolia (F.Muell.) K.D. Hill and L.A.S. Johnson      Red flowering gum 

C. ficifolia occurs in a very narrow range near Walpole on the far south coast of Western Australia. It 
is a small to medium tree 6-15 m high. Flowers are generally red to orange although some forms and 
hybrids show greater variation (Figure 6.1) and the flowering period is normally January to April 
(Brooker and Kleinig, 1990). It grows in slightly acidic or gravelly sands with clay subsoil (Elliot and 
Jones, 1986).  
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6.3.3 Darwinia 

The genus Darwinia has c. 60 species and is endemic to Australia with species occurring in 
Queensland, New South Wales, Victoria, South Australia and Western Australia. The majority of 
species are confined to south-west Western Australia and most of the species suited for floriculture 
are of the pendulous bell type (Elliott and Jones, 1984). 

6.3.4.1 Darwinia leiostyla (Turcz.) Domin    

D. leiostyla usually occurs in the Stirling Range and Middle Mount Barren region of Western 
Australia. It is an erect shrub from 0.3-1.5 m high confined to sandy or stony soils. 

6.3.4.1 Darwinia macrostegia (Turcz.) N. Marchant & Keighery       Mondurup Bell 

D. macrostegia usually occurs in well drained sandy or stony soils in the western region of the Stirling 
range and in the Porongorup Range of Western Australia with bells up to 6cm long usually red and 
white either blotched or striped. 

6.3.4.1 Darwinia meeboldii C.A.Gardner         Cranbrook Bell 

D. meeboldii is rare in the wild and usually occurs in peaty soils over quartzite in the Stirling Ranges 
of Western Australia. It is an erect spindly shrub from 0.5-3 m high with bells that are usually white 
with red tips. 

6.3.4.1 Darwinia oxylepis (Turcz.) Benth.             Gillham’s Bell 

D. oxylepis normally is rare in the wild and usually occurs on moist soils in the Stirling Ranges of 
Western Australia. It is a small shrub to 1.5m tall with bells that are usually red with the uppermost 
bracts light green. 

6.3.4 Regelia 

The genus Regelia has c. 6 species with 5 endemic to south-western Western Australia and one 
species in the Northern Territory (Elliot and Jones, 2002).  

6.3.4.1 Regelia velutina (Turcz.) C.A. Gardner     Barrens Regelia 

R. velutina usually occurs in the quartzite of the East Barren Ranges near the coast between Albany 
and Esperance in Western Australia. It is a large shrub from 2-6 m high with densely hairy young 
growth and striking red flowers (Figure 6.2) which generally appear from September to February 
(Elliot and Jones, 2002).  

6.3.5 Verticordia 

The genus Verticordia has 101 species and all are endemic to Australia, most occurring in south-
western Western Australia from Shark Bay to Israelite Bay in the south extending east to the edge of 
the Gibson and Great Victoria Deserts but with three species in the far North from the Kimberley to 
Arnhem land (George, 2002). 

6.3.5.1 Verticordia grandis J.L.Drumm.         Scarlet Featherflower 

V. grandis occurs in south west Western Australia from near Geraldton south to Cataby and inland to 
Moora and Three Springs. A woody shrub from 0.7 to 4 m tall by 0.3 to 3 m wide that grows in sand 
often over laterite or loam in heath or open shrubland. It flowers (Figure 6.2) intermittently all year 
with peak flowering from August to January (George, 2002).   
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6.3.5.2 Verticordia monadelpha var. callitricha (Meisn.) A.S. George (1991)   

            Pink Cauliflower 

V. monadelpha var. callitricha occurs in south-western Western Australia to the north and east of 
Geraldton from Kalbarri south-east to almost Morawa over approximately 200 x 200 km. Normally 
this shrub only grows to 0.6 m but occasionally to 1.3 m high and up to 1.2 m wide and can be found 
on deep sands as well as gravelly sands and laterites on rises and flowers (Figure 6.2) from October to 
January (George, 2002).   

6.4 Family Rutaceae 

6.4.1 Boronia 

The genus Boronia currently includes approximately 140 species which are all endemic to Australia 
occurring in all states and is widespread in non-arid areas (Duretto, 1999). 

6.4.1.1 Boronia heterophylla F.Muell.      Kalgan Boronia, Red Boronia 

B. heterophylla occurs in SW WA between Busselton and Albany generally growing in wet areas near 
streams (Wilson et al., draft). It is a shrub generally under 2m high with bright reddish-pink flowers 
(Figure 6.2) in long branched axillary racemes between August and November (Elliot and Jones, 
1984).  

6.4.1.2 Boronia megastigma Nees ex Bartl.        Brown Boronia  

B. megastigma occurs in SW WA between Harvey south to Cape Riche generally growing in winter 
swamplands mainly in the Karri forests or southern limits of the Jarrah forests (Wilson et al., draft). It 
is a shrub generally under 2m high with dark brown to purple-black perfumed bell-like flowers in long 
branched axillary racemes between August and October (Elliot and Jones, 1984).  

6.4.1.3 Boronia molloyae J.Drumm.              Tall Boronia 

B. molloyae occurs in SW WA between Gingin south to Albany generally growing along streams 
(Wilson et al., draft). It is a shrub to 3m high with 0.5cm long pinkish-red bell-like flowers in long 
branched axillary racemes between October and January (Elliot and Jones, 1984).  

6.4.1.4 Boronia purdieana Diels.          Yellow Boronia 

B. purdieana occurs in disjunct populations in SW WA from near Busselton and then north of Perth to 
Shark Bay and also near Leonora, generally growing on sandy seasonally waterlogged soil in Banksia 
woodland (Wilson et al., draft). It is a shrub to 1m high with greenish-yellow 0.5cm long bell-like 
flowers (Figure 6.2) in long branched axillary racemes between July and November (Elliot and Jones, 
1984).  

6.4.1.5 Boronia pulchella Turcz.              Pink Boronia 

B. pulchella occurs in the Stirling and Porongorup Ranges in south west Western Australia. It is a 
slender shrub to 1 m high and is often growing among rocks or tones in moist situations (Wilson et al., 
draft). Flowers are pink, open-petalled and 1 to 2cm in diameter (Figure 6.2) with flowering normally 
between September and November (Elliot and Jones, 1984). 



 

 33 

 

a) Pimelea nivea b) Pimelea physodes c) Pimelea spectabilis 

   
d) Banksia praemorsa e) Chamelaucium uncinatum f) Telopea speciosissima 

   
g) Corymbia ficifolia ‘Dwarf 
red’ 

h) Corymbia ficifolia ‘BOR’ i) Corymbia ‘Summer Snow’ 

   
j) Corymbia ‘Summer Glory’ k) Corymbia ‘Summer Red’ l) Corymbia ‘Summer Beauty’ 

   
Figure 6.1 Flowering specimens of scion varieties used in this project 
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a) Regelia velutina b) Verticordia grandis c) Verticordia callitricha var. 
monadelpha 

   
d) Boronia heterophylla ‘Red’ e) Boronia heterophylla 

‘Moonglow’ 
f) Boronia molloyae 

   
g) Boronia purdieana h) Boronia ‘Lipstick’ i) Boronia ‘Purple Jared’ 

   
j) Geleznowia verrucosa k) Eremophila nivea   

  

 

Figure 6.2 Flowering specimens of scion varieties used in this project  
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6.4.2 Geleznowia 

Geleznowia is a monotypic genus with three sub species (Florabase, 2009).  

 6.4.2.1 Geleznowia verrucosa Turcz.              Yellow Bells 

Geleznowia verrucosa is an erect shrub from 0.1 to 1 m tall naturally occurring on sandy or gravelly 
soils, sandstone or laterite north and east from Perth almost up to Shark Bay normally flowering in 
August to November  (Florabase, 2009). Flowers are yellow and may have a red colouring on the 
outer bracts and (Elliot and Jones, 1984). Forms that do not exhibit reddening of the bracts (Figure 
6.2) are preferred by consumers as the red-bracted forms are perceived to be over-matured. 

6.5 Family Myoporaceae 

6.5.1 Eremophila 

The genus Eremophila has 215 species all present in Australia of which 214 are endemic. Species are 
widespread throughout the arid areas of the continent, but with most species restricted to WA and 
absent from Tasmania (Chinnock, 2007). 

6.5.1.1 Eremophila nivea Chinnock     Silky Eremophila 

E. nivea is extremely rare and is only known from a few small populations in the Three Springs area, 
WA. It is a shrub from 0.8-1.6 m high and naturally occurs in sandy soils overlaying clay. All 
vegetative parts are completely covered in white hairs giving the foliage a silver appearance and 
contrasts nicely with the mauve flowers (Figure 6.2) which normally occur from August to December. 
Responds well to watering in dry periods and can respond with a flush of flowers in as little as two 
weeks later (Elliot and Jones, 1984). 
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7 Rootstock selections 
This chapter gives a short description of the species chosen as rootstock material as part of this project 
and describes aspects of their occurrence in nature as well as pertinent facts observed in cultivation 
which may have implications for flower growers to consider. 

7.1 Family Thymeleaceae 
7.1.1 Pimelea 

Each of the rootstocks P. ligustrina, P. latifolia and P. axiflora trialled at Somersby were vigorous 
and healthy under normal conditions. Extremely windy and wet conditions led to a degree of stem 
breakage in all three species when grown on their own roots and this is considered a particular risk 
with this genus. This risk increases significantly with the development of large, incredibly dense 
bushes of P. physodes or P. spectabilis highlighting the need for adequate staking and wind protection 
for this genus. Severe water-logging also proved a problem with all species increasing their 
susceptibility to root rot. Prolonged ponding above rows often leads to death, particularly if this 
follows other stresses such as heavy pruning. 

Clonal propagation of P. ligustrina was much easier, from the availability of cutting material through the 
ease of handling cutting material to rooting success. A propagation success rate of 90% was regularly 
achieved using 4 to 5 node semi-hardwood cuttings with a 5 second dip in 4000-8000ppm IBA. 

In contrast the tendency of P. latifolia to almost continuously be in flower in cultivation made it much 
harder to get good cutting material. It should be noted that Merv Hodge, a well known Queensland 
propagator, uses P. latifolia seedlings as his source of rootstocks (pers. comm.). However, the 
potential risks of using seedling rootstocks must be considered when other equally suitable rootstocks 
are available. Similarly, P. axiflora propagation success was generally poorer and although easily 
propagated P. ferruginea was considered to have lower vigour but may be a good alternate stock in 
some situations.  

7.1.1.1 Pimelea axiflora F.Muell ex. Meisn.    Bootlace Bush 

P. axiflora is a shrub from 0.2 – 3m high occurring from the Grampians to the east coast in Victoria, 
in south-eastern NSW and on King Island. It usually occurs in damp locations and along watercourses 
at lower elevations but different subspecies may also be found on limestone cliffs or in alpine 
environments up to 2000m. It flowers from August to March depending on the habitat (Rye, 1990). 

7.1.1.2 Pimelea ferruginea Labill.              Riceflower 

P. ferruginea is a coastal shrubland species extending over a large range in south-western Western 
Australia from Cliff Head (100 km south of Geraldton) to Point Culver (300 km north-east of 
Esperance). It is a dense shrub from 0.3 – 1.5 m high and can be found on stabilised sand dunes or 
rocky headlands flowering from August to February (Rye, 1990). 

7.1.1.3 Pimelea latifolia R.Br.               Broad-leaved Riceflower 

P. latifolia occurs from north of Cairns, Queensland south to Bowral, New South Wales. It is a shrub 
0.2- 3.0 m high, naturally occurs in sand often with gravel or rocks on plains or hillsides and flowers 
mostly from August to October and less commonly from April to July. It is a variable species with 
four recognised subspecies. It often occurs on rainforest margins though to rocky hillsides, ridges or 
outcrops (Rye, 1990) and in drier areas may occur along intermittent streams. 

At Somersby, selections of this species have been observed to flower virtually continuously. 



 

 37 

7.1.1.4 Pimelea ligustrina Labill.           Tall Riceflower 

P. ligustrina occurs in south eastern Australia from the Macpherson Range in Queensland through 
eastern NSW and Victoria to southern Tasmania. It is a shrub 0.2-3.0 m tall, from alpine habitats to 
forest gullies and hillsides, near watercourses or swamps. It has three subspecies which flower 
variously from September to February (Rye, 1990). 

7.2 Family Proteaceae 

7.2.1 Banksia 

Some work has been done on the clonal propagation of Banksias but with little generally on the two 
species listed below. 

7.2.1.1 Banksia integrifolia L.f.           Coast Banksia 

B. integrifolia is widespread, chiefly occurring from the coast to the ranges between Fraser Island, 
Queensland and Port Philip Bay, Victoria. It is a tree to 25 m tall with a flowering period mainly 
between January and July. It can usually be found on coastal sand dunes or inlets (George, 1987), but 
has proven adaptable to heavier soils. 

7.2.1.2 Banksia serrata L.f.     Old man Banksia, Saw Banksia 

B. serrata is a common near coastal species with a distribution range extending from Cooloola, 
Queensland to Wilsons Promontory, Victoria with an outlying population in north-western Tasmania 
(George, 1987). 

7.3 Family Myrtaceae  

7.3.1 Chamelaucium  

7.3.1.1 Chamelaucium uncinatum Schauer         Geraldton Wax 

The wide variation in this species means that it has been possible to select for individual varieties that 
show heightened tolerance of particular pathogens such as Phytophthora.  Invariably these are much 
more successful on their own roots than a number of the new hybrids, particularly the 
C. megalopetalum hybrid varieties. 

7.3.2 Corymbia 

7.3.2.1 Corymbia maculata (Hook.) K.D. Hill and L.A.S. Johnson        Spotted Gum 

Corymbia maculata is widespread from south-east Queensland through coastal NSW into northern 
Victoria. It is a tree to 45 m that normally grows on slopes and ridges of coastal ranges and on 
undulating areas near the coast in open forest on sandy soils (Chippendale, 1988). 

7.3.2.2 Corymbia gummifera (Gaertn.) K.D. Hill & L.A.S. Johnson    Red Bloodwood 

Corymbia gummifera occurs from south-east Queensland through eastern NSW to far eastern Victoria 
including some islands and is commonly found in sandy soil on flats and low hills in open forest near 
the coast. It is a tree that grows up to 35 m (Chippendale, 1988). 
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7.3.2.3 Corymbia intermedia (R.T. Baker) K.D. Hill & L.A.S. Johnson   Pink Bloodwood 

Corymbia intermedia naturally occurs to eastern Queensland from Cooktown southwards, including 
coastal islands to north-eastern NSW as far south as Raymond Terrace. It is a tree to 30 m which can 
be common in open forest but also occurs as scattered trees in closed forest (Chippendale, 1988).  

7.3.3 Darwinia 

Darwinia is endemic with c. 60 species represented in all mainland states but the majority are 
confined to Western Australia (Elliot and Jones, 1984). 

 

7.3.2.1 Darwinia citriodora (Endl.) Benth.        Lemon-scented Myrtle 

Darwinia citriodora occurs in south-western Western Australia from just north of Perth to east of 
Albany (Florabase, 2009). It is a shrub from 0.5 to 2 m tall and flowering mainly in May to December 
but also sporadically. A reliable species in cultivation under a wide range of conditions (Elliot and 
Jones, 1984). 

7.3.4 Regelia 

7.3.4.1 Regelia ciliata 

Regelia ciliata is found in a wide area from just south of Geraldton south to Mt. Barker and east to 
Wagin in south western W.A.  It is a small to medium often open shrub 1.5 to 4 m tall flowering 
mainly from August to March. It is found mainly in winter wet sandy and gravelly soils, tolerating 
frosts and limited waterlogging, and has proven very reliable in temperate and semi-arid regions 
(Elliot and Jones, 2002). 

7.4 Family Rutaceae 

7.4.1 Boronia 

7.4.1.1 Boronia clavata P.G. Wilson          Green Boronia 

B. clavata occurs in SW WA between Busselton and Albany generally growing in alluvial floodplains 
near riverbanks. It is a shrub generally 1.5 to 2.5 m high with erect bell-like pale yellow-green flowers 
in long axillary racemes between August and January. This species has proven highly adaptable in 
cultivation (Elliot and Jones, 1984).  

7.4.1.2 Boronia x ‘Purple Jared’              Purple Jared 

Purple Jared is a hybrid between B. heterophylla and B. megastigma. It is reported to be tougher than 
either parent and tolerates drier, hotter soil conditions (D. Growns pers. comm.). It has dark brown to 
purple-black perfumed bell-like flowers in long branched axillary racemes between August and 
October  

7.4.2 Correa 

The genus Correa has 11 species all endemic to Australia mainly restricted to the eastern states and 
South Australia, although one species extends into Western Australia. All are woody plants from 
small shrubs to small trees. 
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7.4.2.1 Correa glabra Lindl.                Rock Correa 

C. glabra is a variable species that normally occurs on rocky or hilly sites from south east Queensland 
through to South Australia usually in open woodland. An erect shrub to 2 m it flowers from May to 
August (Elliot and Jones, 1984). 

7.5 Family Myoporaceae 

7.5.1 Myoporum 

The genus Myoporum has 30 species, 18 of which occur in Australia, with 16 endemic species. Within 
Australia the genus is widespread throughout the continent and Tasmania, but with most species 
concentrated around the coastline. The majority of species are salt tolerant and grow on sandy 
calcareous soils or soils derived from sedimentary or volcanic origin (Chinnock, 2007).   

7.5.1.1 Myoporum insulare R. Br.              Common Boobialla 

M. insulare is widespread along the coastal regions from Shark Bay in Western Australia to the 
extreme south coast of NSW, also found in Tasmania and Lord Howe Island. It is an erect spreading 
shrub to small tree 0.2-6 m high occurring on sand dunes, clay, silt or calcareous loams, rocky rises or 
coastal cliffs and is extremely salt tolerant (Chinnock, 2007). 

7.5.1.1 Myoporum montanum R.Br.             Western Boobialla 

M. montanum is a variable and widespread species. It naturally occurs in all mainland states and 
extends north into New Guinea occurring in a wide variety of woodland types as well as mangrove 
margins and open grasslands. A shrub 1- 4 m and occasionally up to 8m high naturally occurring on a 
range of soil types from cracking clays and silty loams to sand dunes and humus rich soils along creek 
lines (Chinnock, 2007). It normally flowers between August and December but is also known to 
flower sporadically (Elliot and Jones, 1993). 
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8 Observations on graft compatibilities 
In this chapter general comments are made on compatibilities within the genera studied as part of this 
project. The genera Boronia and Pimelea were particularly studied in depth and the results of these 
observations are discussed. Although combinations within the Corymbia/ Eucalyptus group were 
studied these have been left out because of confounding factors of graft success and seedling 
variation.   

8.1 Family Thymeleaceae 

8.1.1 Pimelea 

Introduction 

The last revision of Pimelea was carried out in 1990 by Rye for the ‘Flora of Australia’ (Rye, 1990). 
Pimelea is a reasonably large and greatly variable genus. A range of the plant forms present in this 
genus is shown in Figure 8.1.  A comprehensive molecular study is currently being undertaken in 
South Africa by Ms Cynthia Moleboheng Motsi examining the relationships between each of the 
genera within the Family Thymeleaceae. This research should help provide a clearer understanding of 
the genetic relationships between species and genera. However, botanical research at this level only 
gives an indication of graft compatibility and a true understanding cannot be known until the grafts 
are made and grown for several years. 
 
Aim 

To identify the range of graft compatibility within the genus Pimelea with a specific focus on 
P. physodes.  
 
Methods 

A linear listing of the Australian species in the genus Pimelea was created as a reference point and is 
given in Table 8.1. This is based on the order presented by Rye (1990) in the Flora of Australia. 
A range of combinations in this framework were tested to indicate the potential breadth of 
compatibility that may exist for future grafting opportunities.  
 
Combinations were tested using standard wedge grafting techniques using rooted cuttings as stock. 
 
Results & Discussion 

Research over several years has indicated a number of compatible combinations within the genus. 
These are listed in Table 8.1. All of these combinations have been demonstrated to be compatible for 
several years. The list of successful combinations suggests that there is reasonably widespread 
compatibility within the genus with a species from every section tried compatible with Pimelea 
ligustrina as a rootstock.  Variable evidence of incomplete compatibility (Table 8.2 and 8.3) exists, 
however the medium term life-span of these plants as measured in terms of 5-10 years rather than 
decades allows greater tolerance of incomplete compatibility. It must also be remembered that each 
clone may behave differently and that these reports can only be taken as a guide. For example, the 
same clone of P. spectabilis has been observed to be directly compatible on a different clone of 
P. ligustrina but as that rootstock clone was difficult to propagate it was not considered commercial 
(P Vaughan pers. comm.).  
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. 
a)  b)  c)  

   
d)  e)  f)  

   
g)  h)  i)  

  

 
Figure 8.1 Composite showing variation in form with the genus Pimelea  

a) Pimelea linifolia subsp. linifolia, b) P. ferruginea, c) P. tinctoria, d) P. ligustrina subsp. ligustrina, 
e) P. axiflora subsp. axiflora, f) P. physodes, g) P. penicillaris, h) P. spectabilis and 
i) P. latifolia subsp. elliptifolia 
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Table 8.1 Listing of mainland species of Pimelea based on the Flora of Australia Vol. 18 (1990) 

No. Section Species* Subspecies 
1 1 HETERANTHOS gilgiana  
2 2 PIMELEA petrophila   
3 2 PIMELEA flava 2 
4 2 PIMELEA hewardiana  
5 2 PIMELEA serpyllifolia 2 
6 2 PIMELEA halophila  
7 2 PIMELEA pelinos  
8 2 PIMELEA pygmaea  
9 2 PIMELEA milliganii  

10 2 PIMELEA cinerea  
11 2 PIMELEA clavata  
12 2 PIMELEA microcephala 2 
13 2 PIMELEA neo-anglica  
14 2 PIMELEA pauciflora  
15 2 PIMELEA spinescens 2 
16 2 PIMELEA axiflora 3 
17 2 PIMELEA drupacea  
18 2 PIMELEA filiformis  
19 2 PIMELEA spiculigera 2 
20 2 PIMELEA forrestiana  
21 2 PIMELEA spicata   
22 3 EPALLAGE simplex 2 
23 3 EPALLAGE sericostachya 2 
24 3 EPALLAGE williamsonii  
25 3 EPALLAGE elongata  
26 3 EPALLAGE trichostachya  
27 3 EPALLAGE interioris  
28 3 EPALLAGE argentea  
29 3 EPALLAGE micrantha  
30 3 EPALLAGE curviflora 6 
31 3 EPALLAGE latifolia 4 
32 3 EPALLAGE strigosa  
33 3 EPALLAGE biflora  
34 3 EPALLAGE umbratica  
35 3 EPALLAGE aquilonia  
36 3 EPALLAGE leptospermoides  
37 3 EPALLAGE venosa  
38 3 EPALLAGE sericea  
39 3 EPALLAGE nivea  
40 4 CALYPTROSTEGIA penicillaris   
41 4 CALYPTROSTEGIA ammocharis  
42 4 CALYPTROSTEGIA octophylla  
43 4 CALYPTROSTEGIA ciliolaris  
44 4 CALYPTROSTEGIA graniticola  
45 4 CALYPTROSTEGIA imbricata 5 
46 4 CALYPTROSTEGIA subvillifera  
47 4 CALYPTROSTEGIA villifera  
48 4 CALYPTROSTEGIA erecta  
49 4 CALYPTROSTEGIA sylvestris  
50 4 CALYPTROSTEGIA calcicola  

* Species in bold are those discussed in the text 
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Table 8.1(cont) Listing of mainland species of Pimelea based on the Flora of Australia Vol. 18 

No. Section Species* Subspecies 

51 4 CALYPTROSTEGIA phylicoides  
52 4 CALYPTROSTEGIA longiflora 2 
53 4 CALYPTROSTEGIA preissii  
54 4 CALYPTROSTEGIA angustifolia  
55 4 CALYPTROSTEGIA floribunda  
56 4 CALYPTROSTEGIA sulphurea  
57 4 CALYPTROSTEGIA ligustrina 3 
58 4 CALYPTROSTEGIA treyvaudii  
59 4 CALYPTROSTEGIA humilis  
60 4 CALYPTROSTEGIA glauca  
61 4 CALYPTROSTEGIA alpina  
62 4 CALYPTROSTEGIA stricta  
63 4 CALYPTROSTEGIA linifolia 4 
64 4 CALYPTROSTEGIA pagophila  
65 4 CALYPTROSTEGIA bracteata  
66 4 CALYPTROSTEGIA macrostegia  
67 4 CALYPTROSTEGIA pendens  
68 4 CALYPTROSTEGIA aeruginosa  
69 4 CALYPTROSTEGIA cracens 2 
70 4 CALYPTROSTEGIA tinctoria  
71 4 CALYPTROSTEGIA suaveolens 2 
72 4 CALYPTROSTEGIA drummondii   
73 5 MACROSTEGIA physodes  
74 6 STIPOSTACHYS decora   
75 6 STIPOSTACHYS haemostachya  
76 6 STIPOSTACHYS holroydii   
77 7 HETEROLAENA lehmanniana 2 
78 7 HETEROLAENA sessilis  
79 7 HETEROLAENA rara  
80 7 HETEROLAENA spectabilis  
81 7 HETEROLAENA leucantha  
82 7 HETEROLAENA avonensis  
83 7 HETEROLAENA brevistyla 2 
84 7 HETEROLAENA ciliata 2 
85 7 HETEROLAENA rosea  
86 7 HETEROLAENA ferruginea  
87 7 HETEROLAENA hispida  
88 7 HETEROLAENA lanata  
89 7 HETEROLAENA brevifolia 2 
90 7 HETEROLAENA brachyphylla   

* Species in bold are those discussed in the text 
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Table 8.2 Compatibility of graft combinations within the genus Pimelea listed in group order 

 Scion Rootstock Number of distinct 
varieties tested 

Compatibility 

P. axiflora (2)† P. ligustrina (4) 1 Compatible 
P. nivea (3) P. ligustrina (4) 2 Compatible 

P. penicillaris (4) P. ligustrina (4) 1 Compatible 
P. ligustrina (4) P. ligustrina (4) 3 Compatible 
P. linifolia (4) P. ligustrina (4) 10 Compatible 
P.tinctoria (4) P. ligustrina (4) 1 Short-term 
P. physodes (5) P. ligustrina (4) 5 Compatible 

P. spectabilis (7) P. ligustrina (4) 1 Incompatible 
P. ferruginea (7) P. ligustrina (4) 3 Compatible 

P. congesta*  P. ligustrina (4) 1 Compatible 
P. physodes (5) P. ferruginea (7) 1 Compatible 

P. spectabilis (7) P. ferruginea (7) 1 Compatible 
† The number of the section in which each species is listed in Table 8.1 is given in brackets 
* P. congesta from Lord Howe Island is not listed by Rye (1990)in her review of Australian species. 

 

Table 8.3 Ranking of union integrity on Pimelea ligustrina 1. 

 
Excellent 
P. ligustrina 
P. linifolia 
P. ferruginea 
P. congesta 
 

Minor signs of 
incompatibility 
P. nivea 
P. axiflora 
P. physodes 
P. penicillaris 

Short-term compatibility 
P. tinctoria 
 
Clear Incompatibility 
P. spectabilis 

 
Thus it must be remembered that this work has often just concentrated on a very limited number of 
clones and an indication of compatibility or incompatibility here should only be used as a general 
guide for other clones of each species. The greater the number of distinct varieties tested listed in 
Table 8.2 the more confident one can be that species combination may work for a pair of new clones.  
 

8.2 Family Proteaceae 

8.2.1 Banksia 

Despite the great success observed in the development of combinations in Grevillea, the genus 
Banksia has proven a much more troublesome challenge. Numerous reports of successful graft 
combinations have been reported soon after grafting only to be found to be partially incompatible 
later. Banksia grafting is limited by relatively limited success and slow rooting of cuttings has led to a 
reliance on seedling rootstock. 

Isolated examples of successful combinations of cut flower species exist such as B. prionotes and 
B. grandis. Mr Nathan Kirkwood, a keen native propagator from Sydney, reports some success 
grafting B. hookeriana and even B. coccinea onto eastern rootstocks using interstocks but notes the 
difficulties with very high levels of incompatibility (pers. comm. 2006). 

Our research has shown that grafts of B. praemorsa onto B. integrifolia can be successful with grafted 
plants now in their seventh year and having flowered from three years onwards. Furthermore shoots 



 

 45 

from 9 month old plants have been successfully grafted onto seedling stocks indicating the possibility 
of achieving high success rates from stock plants if clonal rootstock were available.   

8.2.2 Telopea 

Nixon (1997) reports that all species of Telopea are compatible with each other, although noting 
examples of individual incompatibility exist when T. truncata is grafted onto T. speciosissima.  
Glenys Coomer (pers. comm. 2008) reports excellent results trialling topworking of old Telopea 
varieties in the field to replace them with newer varieties. Brian Fitzpatrick reports a case of 
T. truncata successfully grafted onto T. speciosissima growing well after seven years but failed to 
flower (pers. comm., 1998). This highlights our lack of understanding on factors which control 
flowering in this species. 

Preliminary trials of field budding and grafting of Waratahs have proven successful (Sections 2.4.6 
and 2.4.7). These techniques are not recommended for general practice because of the presence of a 
lignotuber, but provide another alternative for rapid propagation of new selections following 
flowering, rapidly reducing the risk of individual plant failure and allowing more rapid multiplication. 

When budding or grafting Telopea it should be noted that the larvae of the moth commonly known as 
the Waratah Bud Borer but more correctly Macadamia twig Girdler (Xylorycta luteotactella) finds the 
protection of the wrapping and the freshly wounded bark a very attractive site to occupy. Thus 
protection of the young bud or graft through the use of petroleum jelly (Garner, 1988) or chemical 
application is recommended. 

8.3 Family Myrtaceae  

8.3.2 Corymbia 

A number of compatible graft combinations between several different species have been made in the 
broader Eucalyptus/ Corymbia/ Angophora complex. However, the limitation remains the reliance on 
seedling rootstocks for Corymbia grafting. This is complicated by the heterogeneous nature of these 
seedlings leading to great variability in graft success between different batches of rootstocks of the 
same species even when using the same scion clone. Stan Henry, the breeder of the Summer series of 
Corymbia notes that populations of seed of the same species from as little as 1 km apart can have 
greatly different levels of compatibility when used as rootstocks for these species (pers. comm. 2008). 

To date the most successful rootstocks for most Corymbia selections are Corymbia intermedia, 
C. gummifera and C. maculata. Corymbia maculata has proven quite successful with a range of 
selections of the species types of Corymbia ficifolia but has proven incompatible with the current 
selections in the ‘Summer series’ (C. ficifolia x C. ptychocarpa hybrids). 

In general, compatible grafts within the genus are excellent providing a strong, hardy, stable root 
system for developing trees.  Trials using severe pruning to regenerate scion material and or to allow 
tree framework redevelopment were free from rootstock failure despite major shock being placed on 
the root systems (Figure 8.2a-f). 

However, the small but variable percentage of grafts exhibiting medium term incompatibility, 
approximately 15-25% of grafts, are of concern to growers planting a long-term perennial crop, 
leading to sizeable gaps in plantings. In the longer term this may be able to be addressed using clonal 
rootstocks or the use of a compatible interstock.  
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a) Regenerative cut b) 3 weeks after cut c) at planting, 5 weeks after cut  

   

d) 14 weeks after cut e) 40 weeks after cut f) 72 weeks after cut 

   

Figure 8.2 Regeneration of seedling Corymbia ficifolia grafted into Corymbia maculata after 
severe pruning 
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8.4 Family Rutaceae 

Citrus are a member of the Rutaceae family and most commercial combinations occur within the sub-
tribe Citreae predominantly remaining within the large genus Citrus or intergeneric grafts onto 
Poncirus trifoliata. Similarly, most known successful graft combinations of native species exist within 
individual genera or across the sub-tribe Eriostemoninae. The exception being a number of species in 
this sub-tribe, which can be successfully grafted onto Correa in the adjacent mono-generic sub-tribe 
Correinae. An abridged taxonomy of the family is shown in Table 8.4. 

8.4.1 Boronia 

Introduction 

The genus Boronia is still currently under revision in preparation for publication of the Rutaceae 
volume of the Flora of Australia. It is a large and greatly variable genus with natural locations of 
species divided into three major areas SW (south-western Australia), E (eastern Australia) and 
N (northern Australia).  

Aim 

The aim of this section is to better understand the grafting opportunities for the major commercial cut 
flower species particularly those clustered around Boronia heterophylla.   

Methods 

A lineal relationship structure is presented in Table 8.5 derived from the cladistical analysis reported 
by Weston et al., (1984). This table also incorporates base chromosome numbers reported by Smith-
White (1954), Stace and Armstrong (1992), Astarini et al., (1999), Lidbetter et al. (2002) and Shan et 
al., (2003). Since Weston’s analysis there has been a later revision of the section Valvatae by Duretto 
(1999), but this has no direct implication on the graft combinations studied and can’t be easily 
incorporated so it has not been included.  

Using this table as a guide, a range of graft combinations have been tested to explore the opportunities 
for different potential combinations in the search for suitable rootstock 

Results and Discussion 

Table 8.5 shows the ploidy level in the genus Boronia varies widely from 2n =14, through 15, 16, 18, 
22, 32, 36, 72 to 2n = 108.  An initial question emerged as to whether or not the basal chromosome 
number had an influence on graft compatibility. Current evidence suggests the basal chromosome 
number is only a guide and not a discriminating factor for graft compatibility. However, in 
combination with cladistic separation it may be a good guide to compatibility. Interestingly, neither 
grouping nor ploidy tends to follow species location with a number of groups being clearly spread 
between eastern and south-western Australia. 

Despite this apparent ‘randomness’, all successful grafts combinations for Boronia have been within 
the genus and largely confined to group 4 of this large genus as determined by Weston et al., (1984). 
This is illustrated in Table 8.6 where Boronia pulchella, B. megastigma and B. purdieana have all 
been grafted successfully on B. clavata previously (Dawson, 1996). We have since shown that 
B. heterophylla ‘Red’, B. heterophylla ‘Moonglow’, B. ‘Lipstick’, B. molloyae, B. filifolia and 
B. pinnata ‘White’ are all compatible with the variety of B. clavata commonly found in the nursery 
trade with all of these species and varieties other than B. filifolia of commercial cut flower interest. 
Furthermore B. serrulata which only shows short-term compatibility on B. clavata has demonstrated 
long-term compatibility when B. pinnata ‘White’ is used as an interstock. 
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Table 8.4 Abridged taxonomy of the family Rutaceae according to Armstrong (1991) 
 (Approximate number of genera/ species in brackets) 
 
SUBFAMILY Tribe  Subtribe  Genus  
1. SUBFAMILY – RUTOIDEAE (87/ 1321) 
  Tribe – Zanthoxyleae (29/ 541) 
    Sub-tribe – Choisyinae (5/ 39) 
       Choisya* 

  Tribe – Ruteae (6/ 89) 
  Tribe – Boronieae (22/ 280) 
    Subtribe – Boroniinae (7/ 152)   
       Boronia*# 
       Zieria* 

    Subtribe – Eriostemoninae (9/ 107) 
       Eriostemon # 
       Crowea 
       Phebalium* 
       Leionema* 
       Microcybe 
       Geleznowia # 
       Philotheca*# 
       Drummondita 
       Asterolasia 
    Subtribe – Correinae (1/ 11)  
       Correa*  
    Subtribe – Nematolepidinae (4/ 4)  
    Subtribe – Diplolaeninae (1/ 6) 
       Diplolaena 
  Tribe – Diosmeae (11/ 260) 
       Coleonema* 
  Tribe – Cusparieae (19/ 167) 
2. SUBFAMILY – DICTYOLOMATOIDEAE (1/ 2) 
3. SUBFAMILY – FLINDERSIOIDEAE (2/ 18) 
       Flindersia* 
4. SUBFAMILY – SPATHELIOIDEAE (1/ 10) 
5. SUBFAMILY - TODDALIOIDEAE  (23/ 230) 
  Tribe – Toddalieae (23/ 230) 
    Subtribe – Toddaliineae (13/ 130) 
       Acronychia*    
        

Halfordia*      
6. SUBFAMILY – AURANTOIDEAE - Syn.CITROIDEAE (33/ 217) 
  Tribe – Clauseneae (5/ 87) 
    Subtribe – Clauseninae (3/ 77) 
       Murraya*  
  Tribe – Citreae (28/ 130) 
    Subtribe – Citrinae (13/ 67) 
       Citrus* 
       Poncirus* 
       Fortunella* 
7. SUBFAMILY - RHABDODENDROIDEAE 

* Genera containing potentially suitable rootstocks   
# Genera with species of particular commercial cut-flower interest 
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Table 8.5 Linear interpretation of species within the genus Boronia based on the cladistic 
analysis by Weston et al., (1984) 

Taxon Group 2nd level Species Group Location Ploidy 2n= 
1 1 A rigens rigens  E 36 
2 1 A baeckeacea rigens  SW  
3 1 A inconspicua rigens  SW  
4 1 A nana rigens  E 36 
5 1 A pencillata rigens  SW  
6 1 A polygalifolia rigens  E 36 
7 1 A anemonifolia anemonifolia E 36 
8 1 A bipinnata bipinnata  E  
9 1 A anethifolia bipinnata  E 36 

10 1 B coerulescens coerulescens E,SW 36,72 
11 1 C busselliana busselliana  SW  
12 1 C defoliata busselliana  SW  
13 1 C fabianoides busselliana  SW  
14 1 C subsessilis busselliana  SW  
15 1 C tenuis busselliana  SW 16, 18 
16 1 D ramosa ramosa SW 36 
17 2 A alata alata SW  
18 2 A algida algida E 20 
19 2 A edwardsii edwardsii W  
20 2 B bowmanii bowmanii  E  
21 2 B alulata bowmanii  E  
22 2 B grandisepala grandisepala  N  
23 2 B pauciflora grandisepala  N  
24 2 B affinis affinis N  
25 2 B filicifolia affinis  N  
26 2 B lanuginosa affinis  N  
27 2 C lanceolata lanceolata N  
28 2 C ledifolia ledifolia  E 32 
29 2 C adamsiana ledifolia  SW  
30 2 C amabilis ledifolia  E  
31 2 C eriantha ledifolia  W  
32 2 C ericifolia ledifolia  SW  
33 2 C fraseri ledifolia  E 32 
34 2 C glabra ledifolia  E  
35 2 C granitica ledifolia  E  
36 2 C keysii ledifolia  E 32 
37 2 C mollis ledifolia  E 32 
38 2 C obovata ledifolia  E  
39 2 C repandea ledifolia  E  
40 2 C revoluta ledifolia  SW  
41 2 C rosmarinifolia ledifolia  E  
42 2 C rubiginosa ledifolia  E  
43 2 C ruppii ledifolia  E  
44 2 C ternata ledifolia  SW  
45 2 C whitei ledifolia  E  
46 3  konambiensis konambiensis NC   
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Table 8.5 (cont) Linear interpretation of species within the genus Boronia based on the 
cladistic analysis by Weston et al., (1984) 

Taxon Group 2nd level Species Group Location Ploidy 2n= 
47 4 A ovata ovata  SW  
48 4 A cymosa ovata  SW  
49 4 A scabra ovata  SW  
50 4 A barkeriana barkeriana E 18 
51 4 A denticulata denticulata  SW 18 
52 4 A dichotoma denticulata  SW  
53 4 A fastigiata denticulata  SW 18 
54 4 A juncea denticulata  SW  
55 4 A spathulata denticulata  SW 18 
56 4 A parviflora parviflora E 18 
57 4 B pilosa pilosa  E 22, 44 
58 4 B citriodora pilosa  E 108 
59 4 B deanei pilosa  W 22 
60 4 B gunnii pilosa  E  
61 4 B muelleri pilosa  E 22 
62 4 B rhomboidea pilosa  E  
63 4 B safrolifera pilosa  E  
64 4 B subulifolia pilosa  E  
65 4 B pinnata pinnata  E 22 
66 4 B thujona pinnata  E 22 
67 4 B microphylla microphylla  E 22 
68 4 B coriacea microphylla  SW  
69 4 B falcifolia microphylla  W  
70 4 B filifolia microphylla  E 18 
71 4 B inornata microphylla  E,SW  
72 4 B floribunda floribunda  E 22 
73 4 B serrulata floribunda  E 22 
74 4 B crenulata crenulata  SW 18, 36 
75 4 B capitata crenulata  SW  
76 4 B nematophylla crenulata  SW 18 
77 4 C gracilipes gracilipes  SW 16 
78 4 C albiflora gracilipes  E  
79 4 C crassipes gracilipes  SW  
80 4 C oxyantha gracilipes  SW  
81 4 C pulchella gracilipes  SW 14 
82 4 C stricta gracilipes  SW  
83 4 C virgata gracilipes  SW  
84 4 D octandra octandra SW   
85 4 E crassifolia crassifolia SW 18,36 
86 4 E tetrandra tetrandra SW  
87 4 E purdieana purdieana SW 18 
88 4 E clavata clavata SW 14 
89 4 F megastigma megastigma SW 14 
90 4 F molloyae molloyae  SW 16 
91 4 F heterophylla molloyae  SW 14, 15 
92 ? ? latipinna latipinna E  
93 ? ? rivularis rivularis E  

  Red - not directly compatible with B. clavata   
  Purple – variable clonal compatibility response observed 
  Green- directly compatible with B. clavata   
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Table 8.6 Compatibilities of a range of Boronia graft combinations 

Scion Rootstock Number of 
distinct scion 

varieties tested 

Compatibility 

B. heterophylla  B. clavata  5 Compatible 
B. molloyae  B. clavata 1 Compatible 

B. megastigma B. clavata 4 Compatible 
B. purdieana B. clavata 2 Compatible 
B. pulchella B. clavata 1 Compatible 
B. filifolia B. clavata  1 Compatible 

B. pinnata ‘White’ B. clavata 1 Compatible  
B. pinnata ‘Pink’ B. clavata 1 Short-term 

B. denticulata B. clavata 1 Short-term 
B. citriodora x B. muelleri B. clavata 1 Short-term 

B. muelleri B. clavata  1 Incompatible 
B. x ‘Purple Jared’ 

(B. megastigma x B. heterophylla) 
B. clavata 1 Compatible 

B. x ‘Lipstick’ (B. crassipes x 
B. heterophylla) 

B. clavata 1 Compatible 

B. serrulata B. clavata 5 Short-term 
B x ‘Aussie Rose’ 

(B. serrulata x B. floribunda) 
B. clavata 1 Short-term 

Alternative rootstock combinations for B. heterophylla 
B. heterophylla ‘Red’ B. muelleri 1 Incompatible 
B. heterophylla ‘Red’ B. denticulata 1 Incompatible 
B. heterophylla ‘Red’ B. filifolia 1 Incompatible 
B. heterophylla ‘Red’ B. pinnata ‘Pink’ 1 Incompatible 
B. heterophylla ‘Red’ B. pinnata ‘White’ 1 Short-term 
B. heterophylla ‘Red’ B. citriodora x B. muelleri 1 Short-term 
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9 Somersby field site 

9.1 Background 

The Industry and Investment NSW (formerly NSW Department of Primary Industries) field site for 
the grafting trials was on the NSW Central Coast at Somersby. This site had originally been part of an 
operational citrus farm. As part of the standard practices this farm had large levels of superphosphate 
applied to the soil over time. The result of this prolonged application can be seen in the soil analysis 
results (Table 9.4). 

The generalised soil type at Somersby is a Sandy Yellow Earth duplex soil representative of acid 
leached sandy soils in NSW. It is based and rests on Hawkesbury Sandstone and the surface soil is 
loamy sand; primarily fine sand with a clay fraction in the order of 20% (McKenzie et al., 1997). 

Understanding the history, soil and the local climatic conditions are fundamental in interpreting the 
trial results. This site is far from perfect for the establishment of a native cut flower operation and thus 
a good test for the ability of these grafted plants to cope with difficult conditions. 

9.2 Weather 

The nearest long-term weather station to Somersby is at the Narara Research Station (Table 9.1), less 
than 3km away, which has an average annual rainfall of 1318 mm with an average two days below 
0ºC per annum. However, the Narara site is in a South facing valley at an elevation of 20 m whereas 
the Somersby site has a north-easterly aspect and is near the top of a ridge with an elevation of 240 m. 
Thus the Somersby site is generally a lot milder both in winter and summer with very few occurrences 
of frost and generally a cool nor-easterly sea breeze blowing in the early afternoon in the middle of 
summer and this can be seen from the new automatic weather station data for Somersby (Table 9.2). 

As can be seen from the measured data, as in much of Australian weather data, average rainfall only 
gives part of the story with over 400mm of rain recorded in a single four day period in June 2008 
(Table 9.3). Despite being a sandy soil this led to a prolonged perched water table in the trial block. 

Table 9.1 Average weather data for Narara, NSW

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann. 

Rainfall 
(mm) 133 152 151 138 118 128 79 74 68 84 92 102 1318 

Mean 
Max 0C 27.5 27.1 26.0 23.6 20.4 17.9 17.5 19.0 21.3 23.8 25.0 26.9 23.0 

Mean 
Min 0C 16.7 17.1 15.3 11.9 8.3 6.5 4.6 5.3 7.7 10.7 13.0 15.2 11.0 
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Table 9.2 Automatic weather data from Somersby for 2008 

  Jan Feb Mar April May June July Aug Sept Oct Nov Dec Ann. 
Mean 

Max0C 24.7 22.6 23.5 19.3 18.7 16.6 15.1 15.7 20.1 22.3 22.0 25.0 20.5 

Mean 
Min0C 17.6 16.0 15.0 12.1 10.3 10.5 7.5 6.6 10.6 12.5 14.1 15.9 12.4 

 

Table 9.3 Measured rainfall from the Somersby site for the years 2006- 2008  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann. 

2006 129 32 118 7 30 72 77 80 182 21 48 118 914 

2007 69 202 141 187 88 606 42 191 60 47 175 269 2077 

2008 252 265 79 210 3 209 40 42 156 93 92 103 1544 

 

9.3 Soil analysis and fertiliser application 

9.3.1 Aim 

Surface soil analysis was conducted to describe the soil nutrient status and identify any risks or 
problems that may need to be overcome. 

9.3.2 Methods 

Chemical analyses of the soil at the Somersby trial plot were undertaken as part of the project. The top 
15cm of soil was analysed at seven points across the planting and sent to Sydney Environmental and 
Soil Laboratory for analysis. The methods used for analysis are as follows: 

• pH, electrical conductivity (EC), soluble cations (Sol cat), nitrate (NO3), aluminium (Al) and 
chlorine (Cl) according to Bradley et al., (1983) 

• Exchangeable cations (Exch. Cat.) and effective cation exchange capacity (ECEC) according 
to Method 15A1 Rayment and Higginson (1992)  

• Phosphate (PO4) according to Method 9E1 Rayment and Higginson (1992) 
• Ammonium (NH4), sulphate (SO4), iron (Fe), copper (Cu), magnesium (Mg) and zinc (Zn) 

according to Method 83-1 to 83-5 Black (1965) 
 

The minimum, maximum and average results are summarised in Table 9.4. 

9.3.3 Results and Discussion 

The results show that the soil was strongly to slightly acid with a very low to low electrical conductivity and 
low effective cation exchange capacity. At low pH, aluminium toxicity can become a problem hence 
the calculated lime requirement (CLR) is calculated to reduce the available aluminium to zero. Where 
aluminium is not a concern but the level of available calcium is low the calculated 
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Table 9.4 Summary of seven soil analysis results for Somersby flower block 0-15cm  

 Units Minimum Maximum Average 
pH in H20 (1:5)  5 6.6 5.94 
pH in CaCl2 (1:5)  4.1 5.8 5.10 
EC (dS/m) 0.08 0.16 0.11 
Base Saturation Percentage     
Ca % 58.9 76.3 69.26 
Mg % 16.3 22.8 19.80 
K % 2.3 9.3 3.89 
Na % 2.6 6.3 3.83 
Al % 0.8 19.3 7.13* 
     
Ratios     
Ca:Mg  2.6 4.2 3.53 
K:Mg  0.1 0.4 0.17 
Exchangeable Sodium Percentage  2.6 6.3 3.83 
     
Calculated Lime requirement (CLR) kg/ha 0 760 125.71 
Calculated Gypsum requirement 
(CGR) kg/ha 0 760 108.57 
     
Effective CEC  2.7 5.1 4.14 
     
Ammonium  1.7 9.8 6.39 
Nitrate  10.3 38.8 23.70 
Total N  17 49 30.14 
     
NH4 + NO3 mg/kg 17 49 30.14 
P as PO4 mg/kg 288 417 343.00 
S as SO4 mg/kg 8 9 8.33 
Ca mg/kg 319 721 579.00 
K mg/kg 27 168 64.29 
Mg mg/kg 53 131 100.86 
Fe mg/kg 45 282 124.14 
Mn mg/kg 4 10 6.14 
Zn mg/kg 1.8 9.4 4.93 
B mg/kg ND ND ND 
Cu mg/kg 14.7 35.6 26.97 
     

* Most readings were zero but heavily weighted by one high reading 

gypsum requirement (CGR) is calculated to lift the available calcium to 70% of base saturation 
percentage (BSP). Some soil samples indicated the requirement for additional lime or gypsum to lift 
pH or increase available calcium. The low electrical conductivity is a reflection of a sandy soil in a 
high rainfall environment and indicates there are no salt accumulation concerns. On the contrary, the 
problem is a low effective cation exchange capacity (ECEC). The only viable means of increasing the 
CEC is through the addition of organic matter. Different organic matter components have different 
life-spans in soils. It was decided the most effective long-term benefit was to add organic matter to the 
soil with the addition of woodchip organic mulches, whilst increasing the availability of nutrients 
using regular liquid feeding through the drip lines.  
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Overall the test values indicate very high residual phosphate levels exist after historical prolonged 
phosphate application leading to potential phosphate toxicity and the potential induction of iron, 
manganese and zinc deficiencies. The iron and manganese deficiencies were of particular concern at 
this trial site. 

Very low potassium levels also exist as a result of leaching and low CEC, leading to a risk of 
potassium deficiency. Low potassium levels in some of the samples also increase the risk of 
aluminium toxicity.  

Management to overcome these problems included increasing the level of potassium nitrate applied 
regularly, the use of chelated iron and avoidance of all phosphate fertilisers. Lime and dolomite were 
also added to raise the calcium and magnesium levels. Small amounts of manganese chelate were also 
applied as the addition of further iron would exacerbate the already low manganese levels. 

Calcium nitrate, potassium nitrate and ammonium nitrate were added regularly through the drip 
system as a liquid feed. Plants were also given 30g of ‘Nutricote® Total’ (Low P) slow release 
fertiliser at planting to assist establishment. 

The very high levels of phosphorus are a long term problem as phosphorus readily ‘fixes’ in the soil 
and no addition of phosphorus will be required for several years to come. Applications of iron 
sulphate would be required to lock up the excess phosphorus but risk lowering the pH further, which 
would have to be compensated with the addition of extra lime and dolomite. A simpler solution 
remains to be the regular addition of chelated iron. 

Overall, the soil in the trial block was far from ideal for growing native plants. However with careful 
management it shows what is possible and the range of tolerance of these grafted species. 

9.4 Leaf analysis of Corymbia ficifolia 

9.4.1 Introduction 

The increasing identification of nutrient deficiencies in forestry plantations of Eucalypts worldwide 
highlights our limited knowledge of the appropriate leaf concentrations of essential elements for 
Eucalyptus and Corymbia and the role micronutrients may play to limit productivity (Dell et al., 
2001). The lack of information on the nutritional requirements of forest trees is gradually being 
addressed, however our understanding of the nutritional requirements of cut flower and foliage 
species is very limited.  

9.4.2 Aim 

Collect base-line leaf nutrient data for comparison to plant analysis standards for Corymbia maculata. 

9.4.3 Methods 

Elemental analysis of the youngest fully expanded leaves of healthy adult Corymbia ficifolia were 
conducted in March 2007. 

Total nitrogen was analysed using LECO®. The metals were analysed following acid digestion and 
Radial View Inductively Coupled Plasma – Optical emission Spectrometry (ICP-OES).    

Sample results are compared against the standards provided by Boardman et al., (1997) for adequate 
nutrient levels in the youngest mature leaves of adult C. maculata as this is the most closely related 
species with reliable data available. 
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9.4.4 Results and Discussion 

The results showed that the two samples of C. ficifolia were within the adequate range as compared to 
the standards for mature samples of C. maculata (Table 9.5). 

The sodium levels in the samples of C. ficifolia were a little low compared to the standards of for 
Corymbia maculata but considered to be of little concern as Sodium is not generally considered a 
limiting essential element. The sulphur levels in the C. ficifolia samples may be considered a little low 
although no comparative data exist. The levels of all other elements analysed were within the range 
indicated as being adequate for healthy plants. Thus, this data suggests that nutrient levels in C. 
maculata may be a useful standard for C. ficifolia and a good reference point until further work is 
done in this area. 

Table 9.5 Nutrient concentrations of fully expanded leaves of Corymbia ficifolia (grafted onto 
C. maculata) as parts per million of dry weight vs standard ranges for C. maculata 

 Element 
Corymbia maculata adult (normal range) 

From Boardman et al., (1997) Corymbia ficifolia adult (samples) 
    Min Max Dwarf Orange Dwarf Red 
N mg/Kg 14,000 24,000 18,500 16,200 
P mg/Kg 1,400 2,300 1,400 1,300 
K mg/Kg 800 17,000 15,000 15,000 
S mg/Kg   1,100 960 

Ca mg/Kg 2,200 6,000 4,700 3,300 
Mg mg/Kg 1,800 3,000 3,000 2,300 
Na mg/Kg 1,000 3,000 940 880 

      
Fe mg/Kg 40 50 41 44 
Mn mg/Kg 20 250 54 62 
Zn mg/Kg NA NA 35 31 
Cu mg/Kg 6 12 6.5 5.0 
B mg/Kg NA NA 25 25 

Mo mg/Kg NA NA 1.9 <1 
Al mg/Kg 30 200 ND ND 

  

Estimate of nutrient removed per hectare from field plantings of Corymbia ficifolia 

If an average of 10 kg of fresh flower is removed per tree with 2000 plants per hectare then 20,000 kg 
or 20 tonne of flowering stem would be removed per hectare per annum. 

Assuming the dry matter content of flowering stems is approximately 25% and the values for leaf 
content being a fair estimate of the combined leaf, flower and stem components then the following 
levels of nutrient expressed as kilograms of each element (reported in Table 9.6) would be removed. 
Note this is the minimum replacement amount of fertiliser required to replace fertiliser removed. In 
addition, a margin of error needs to be added particularly for nitrogen and potassium which are easily 
leached or volatilised.   

Judd (1996) reports that the concentrations of nitrogen, phosphorus and potassium for branches are 
less than half that of leaves, however no estimates for flowers are reported, which are presumably 
higher than either. Similarly the percentage dry matter content of branches would be higher and 
therefore increase their respective value. 
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Table 9.6 Nutrients removed per hectare per annum assuming 2000 plants of Corymbia           
  ‘Dwarf Orange’ each yielding 10kg of flowering stem    

 
Usage 

kg/ha/annum 
Plant available nutrient in top 

150mm of soil (kg/ha)* 
N 92.5 33-96 
P 7 562-813 
K 75 53-328 
S 5.5 16-18 

Ca 23.5 622-1406 
Mg 15 103-255 
Na 4.7  

   
Fe 0.205 99-550 
Mn 0.27 8-20 
Zn 0.175 7-18 
Cu 0.0325 29-69 
B 0.125  

Mo 0.0095  
* Based on an assumption of a bulk density of 1.3 and a depth of 150mm soil 

Using a general assumption of a bulk density of 1.3 and a soil depth of 150mm the amount of 
available nutrient in kg/ha has been calculated from the range of soil samples (Table 9.6). The 
available phosphorus present in the soil is estimated to be 562 to 813 kg/ha. On the estimated rate of 
removal it would take at least 80 years to restore the P levels to a normal range. However, the nitrogen 
level is only sufficient to last four months to a year whilst the levels of potassium in the soil is 
estimated to be sufficient for between eight months to four years (depending on the sample) assuming 
no other losses and that the plants have access to every last gram. Obviously this is not the case as a 
minimum level of nutrients needs to be required at all times. Thus the need for regular addition of 
potassium and nitrogen fertiliser to this soil is essential.  

9.5 Soil temperatures and the effect of mulch 

9.5.1 Introduction 

The planting of this trial was originally designed to have a bed covered in Weedmat® to prevent soil 
erosion and minimise weed growth. Early observations of mat temperatures indicated that in summer 
the soil temperature just below the mat surface was regularly reaching 50ºC in summer. As a number 
of the plant species in this trial were from cooler climates it was important to determine the effect of 
mulch on soil temperature under Weedmat®.  

9.5.2 Aim 

Examine the soil temperatures 10 cm below Weedmat® (where roots normally occur) with or without 
the addition of mulch over the Weedmat®. 
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9.5.3 Method 

10cm of Eucalypt woodchip was placed on top of the Weedmat® and maintained at that thickness for 
the duration of the trial. Tinytag® dataloggers were inserted 10cm below the Weedmat® and 
temperature recorded ever five minutes. 

9.5.4 Results and Discussion 

Representative temperature records are shown in Figures 9.1 to 9.4 for weekly periods in August, 
October, November in 2005 and a particularly warm spell in December 2005/ January 2006 which 
included an extreme 44ºC day. Records for this day are presented in Figure 9.5. 

In winter, the soil temperature 10 cm below Weedmat without mulch largely follows the daily air 
temperature cycle with a small amount of buffering at each extreme. However during spring and 
summer the soil temperatures regularly rise above the air temperature maintaining an average 
temperature 1 to2ºC higher than the screen (air) temperature. In summer the 10cm depth of soil can be 
seen to have little buffering effect with the soil temperature regularly reaching 36ºC. Indeed the soil 
temperature was greater than 36 ºC for almost 6 hours on the 1st January 2006. In contrast the addition 
of a layer of mulch provided almost a 10ºC buffer on this day with soil temperatures at the same depth 
just reaching 28.5ºC despite the maximum air temperature reaching over 44ºC. 

These results show that the addition of 10 cm of mulch both delayed heat transfer at a depth 10cm 
below the Weedmat® and greatly buffered the soil temperature from both cold and heat extremes. 
This can allow roots to remain active longer. In summer the buffering potential of mulch is at its 
greatest with soil temperature usually holding within a daily range of 2-3ºC despite daily air 
temperatures and un-mulched soil often experiencing a 18-20ºC or a 12-14ºC range respectively and 
2-3ºC on average cooler than un-mulched soil. But, a cautionary note for cold sites, it should be 
remembered that mulch actually reduces sol heat loss around the base of the plant increasing the risk 
of frost. Similarly, stable warm soil temperatures may stimulate a flush of new growth prematurely 
where late frosts may occur. 
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Temperatures 10cm below weedmat +/- mulch vs air August 05
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Figure 9.1 Soil temperatures 10cm below Weedmat® ± 10 cm mulch versus screen air 
temperature for 6-13th August 2005 
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Figure 9.2 Soil temperatures 10cm below Weedmat® ± 10 cm mulch versus screen air 
temperature for 7-14th October 2005 
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Temperatures 10cm below weedmat +/- 10cm mulch vs air Nov 05
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Figure 9.3 Soil temperatures 10cm below Weedmat® ± 10 cm mulch versus screen air 
temperature for 6-13th November 2005 
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Figure 9.4 Soil temperatures 10cm below Weedmat® ± 10 cm mulch versus screen air 
temperature for 28th December 2005 – 3rd January 2006 
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Temperatures 10cm below weedmat +/- 10cm mulch 1/1/06
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Figure 9.5 Soil temperatures 10cm below Weedmat® ± 10 cm mulch versus screen air 
temperature for 1st January 2006 

 

9.6 Flowering times for grafted plants at Somersby 

9.6.1 Introduction 

The harvest window for individual crops is of prime concern to the flower grower. The shorter the 
harvest window the more labour that is required at any one time to be available to pick and process a 
particular crop. In practicality the reality is that available labour is quite inelastic and often determines 
the amount of any one crop that can be picked. Thus crop choice may be based on the need to try and 
even out the demands on a full time workforce or take advantage of the presence of seasonal workers 
and maximise freight efficiencies.  

Secondly for seasonal crops, the harvest window can largely affect price through timing of entry onto 
the market, with early and late product often receiving a premium due to limited volumes being 
available or through growers being able to target specific calendar events where flowers are bought in 
greater volumes in their target market country. An obvious exotic flower example is the scheduling of 
rose production for Valentines Day the biggest day in the rose growers calendar. The same parallel 
can be drawn for Ceratopetalum gummiferum (NSW Christmas Bush) which has a clear premium in 
the Sydney market for the week prior to Christmas. 

9.6.2 Aim 

To establish a reference data set from which comparisons to other sites could be made in terms of 
flowering date 

9.6.3 Method 

A planting of most of the crops used in this project was made at the Somersby trial site and flowering 
dates recorded. In 2006 visual observations of flower bud development and flower opening were 
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made. Records for harvests in other years were also made indicating harvest window. Where 
appropriate other factors which impacted on flowering time were noted as factors such as a string of 
hot days were noted to greatly accelerate the first flowering date and/ or compress the harvest window 
for a number of crops.  

9.6.4 Results and Discussion 

A general guide for the flowering time of individual lines at Somersby is presented in Table 9.7. This 
reflects the range over the length of the trial. Individual lines may have had much shorter flowering 
periods within any one season but these dates moved in some cases up to three weeks depending on 
the season.  

Pimelea spectabilis had a relatively narrow harvest window of around two weeks whilst in flower 
which could be supplemented by harvest in large bud for another two to three weeks. Whereas 
Pimelea physodes tended to have a longer harvestable period that lasted for around six to eight weeks 
with flowers being able to be picked at different stages during this period. Different varieties have 
slightly different timing. Pimelea nivea has a relatively narrow flowering period but this is not of 
much importance as the species is picked for foliage and has limited value in flower. The flowering of 
ungrafted Pimelea rootstocks is presented for interest as it is unclear at this stage whether alternate 
rootstock may have a major impact on flowering. 

Individual lines Boronia particularly Boronia heterophylla ‘Red’ and Boronia ‘Lipstick’ generally 
only had a harvest window that lasted two to three weeks which was seasonally affected. Individual 
Boronia lines usually flowered in a regular sequence however a concentrated cold winter followed by 
a very warm spring had the effect of compressing this sequence leading to an overlap in harvest times 
and a shortening of the season. 

Geleznowia verrucosa has unusual terminal flower heads consisting of sequentially opening flowers 
surrounded by petaloid bracts which remain attached and healthy until the fruit is almost mature. It is 
these bracts which are the main attractive feature. Thus this species can be harvested over a prolonged 
period as new flowers continue to develop. This is particularly the case with the yellow bracted 
varieties whereas varieties that have a red tinge in the older bracts have a reduced market value when 
sold at the later stages Figure 9.6. Optimum harvest time is partly related to the ability of the stem to 
hold the inflorescences aloft. 

 

Figure 9.6 Progressive development sequences of Geleznowia verrucosa inflorescences  
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Similarly, individual plants of Corymbia ficifolia normally have a spread of three to four weeks 
however a very warm week can halve this period. In contrast plants of the C. ficifolia x 
C. ptychocarpa ‘Summer’ hybrid series tend to have a longer flowering period with stems initiating 
flowers at widely different times yielding production over a longer timeframe. Neither seedling 
differences nor species differences for rootstocks of Corymbia ficifolia ‘BOR’ had any noticeable 
influence on flowering time of this scion. 

Eremophila nivea is harvested for foliage, in bud and in flower. It is a species particularly susceptible 
to Botrytis infection which may remain cryptic and only be observed post harvest. It is recommended 
that if an adequate preventative fungicidal program be applied it is better harvested for foliage or not 
grown at all.  

In the climatic conditions at Somersby, Verticordia monadelpha var callitricha is continuously 
attempting to flower apparently independent of time of year. Thus it rarely achieves sufficient stem 
length to be commercial. 

Flowering data for Regelia velutina and Verticordia grandis is limited due to its late addition to the 
trial site and the results for Thryptomene calycina and Chamelaucium uncinatum limited due to their 
relatively poor performance. 
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Table 9.7 Generalised heavy bud (yellow) and flowering (orange) of species at the Somersby trial plot 

Scion Rootstock Jan Feb Mar April May June July Aug Sept Oct Nov Dec 
Thymeleaceae                           
Pimelea nivea Pimelea ligustrina                         
Pimelea physodes Pimelea ligustrina                         
Pimelea spectabilis Pimelea ligustrina                         
Pimelea axiflora Own roots - rootstock                         
Pimelea latifolia Own roots - rootstock Individuals continual flushes of flowers 
Pimelea ligustrina Own roots - rootstock                         
Proteaceae                          
Banksia praemorsa 'Yellow' Banksia integrifolia                         
Rutaceae                                  
Boronia clavata Own roots - rootstock                         
Boronia heterophylla 'Red' Boronia clavata                         
Boronia heterophylla 'Moonglow' Boronia clavata                         
Boronia pinnata 'White' Boronia clavata                         
Boronia pulchella Boronia clavata                         
Boronia purdieana Boronia clavata                         
Boronia 'Lipstick' Boronia clavata                         
Boronia 'Purple Jared' Boronia clavata                         
Geleznowia verrucosa Correa glabra 'Red'                         
Myrtaceae                          
Corymbia ficifolia 'BOR' Corymbia maculata or C. intermedia                         
Corymbia ficifolia 'Dwarf Red' Corymbia maculata                         
Corymbia ficifolia 'Dwarf Orange' Corymbia maculata                         
Corymbia 'Summer Beauty' Corymbia gummifera                         
Corymbia ' Summer Glory' Corymbia gummifera                         
Corymbia ' Summer Red' Corymbia gummifera                         
Corymbia ' Summer Snow' Corymbia gummifera                         
Chamelaucium uncinatum 'Champagne pink' Chamelaucium uncinatum 'Purple pride'                         
Regelia velutina Regelia ciliata                         
Thryptomene calycina Thryptomene 'FC Payne'                          
Verticordia monadelpha var callitricha Chamelaucium uncinatum 'Purple pride'           Sporadic almost all through year 
Verticordia grandis Chamelaucium uncinatum 'Purple pride'              Sporadic almost all through year 
Myoporaceae                           
Eremophila nivea Myoporum montanum                         
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9.7 Windbreaks 

As discussed already a number of the crops discussed as part of this report are very susceptible to 
strong winds. Despite having large tree shelterbelts at distances of 20 to 50 m from the planting this 
was insufficient to provide the desired protection and early damage highlighted the need for better 
wind protection 

Two species were used to rapidly grow living windbreaks. 

The first barna grass (Pennisetum purpureum) is a very fast growing three metre tall perennial grass 
that can be established within 12 months and persist for several years. It is easily established by 
cutting stems into two node segments and laying these in a ripped trench line and covering them back 
over. Best results are obtained where stem pieces have been pre-sprouted on mist benches and watered 
and fertilised well during establishment.  

As can be seen from Figure 9.7 barna grass establishes very quickly and attains a good height. One of 
the greatest weaknesses is that it has the potential to lodge and to spread requiring extra maintenance. 

a) at planting           b) 22 months later 

 

Figure 9.7  Establishment of pre-sprouted pieces of barna grass stem 

 

The second was Knife-leaf wattle (Acacia cultriformis- Figure 9.8 and 9.9) germinated and grown on 
in 100 mm square tubes for six months pre-planting. This is a perennial species that can grow to three 
to four metres but also be managed for cut foliage or buds. 
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Figure 9.8 Acacia cultriformis windbreak (left) planted in February prior to mulching for water 
retention and weed control and then only watered at planting. 

 

Figure 9.9 Acacia cultriformis windbreak 14 months after planting 

Both species grew rapidly and provided a satisfactory windbreak within 12- 15 months. The barna 
grass windbreak was the quickest to attain maximum height but both species were more than 
satisfactory. 
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10 Grafted plant yields at Somersby 
A full range of grafted species was planted at Somersby firstly to check viability of graft combinations 
in the field but secondly to get an idea of economic viability from yield data and trial marketing. 

General Aim 

To estimate commercial yields of these grafted specimens. 

General Methods  

Plants were harvested according to flower development appropriate for domestic market consumption. 
Stems were trimmed to standard lengths in 5cm intervals, and any undersirable pieces were removed 
or discarded. Saleable stems were individually weighed and measured and depending on the crop 
weight was rounded to single gram or five or ten gram intervals. Harvest date, stem length and stem 
weight were recorded (Figure 10.1). 

 

Figure 10.1 Flower processing for harvest records 

10.1 Boronia 

Method 

Plantings of a range of grafted Boronias were made in December 2004 and November 2005. These 
included 50 plants of Boronia heterophylla ‘Red’, B. heterophylla ‘Moonglow’, B. purdieana, B. 
pulchella, B. ‘Lipstick’ and B. ‘Purple Jared’.  All Boronia lines had been grafted onto Boronia 
clavata. Harvest records were kept for 2006 and 2007. Harvest records for the later planting of 
Boronia heterophylla ‘Red’, B. ‘Lipstick’ and B. ‘Purple Jared’ harvested in 2006 are reported here. 
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Results & Discussion 

Yields of these three varieties have been given here (Table 10.1) as an indication of there potential for plants grafted in January 2005 ie. 20 months after 
grafting and 10 months after planting. They are only indicative. No further yields have been given as the second season yields are affected by nematodes 
leading to reduced volume and quality (Figure 10.2h-i). 

Table 10.1 Yield of selected Boronia lines at Somersby  

a) Boronia heterophylla ‘Red’ 2006 Distribution by length 

 Stem Length (cm)  
 35 40 45 50 55 60 Total 
Average stems/ plant 0.5 6.8 5.7 5.2 4.3 1.7 24.2 
Average weight/ stem (g) 16 23 32 43 55 76 39 
Average yield/ plant (g) 8 158 182 220 236 127 931 

 

b) B. ‘Lipstick’2006 Distribution by length 

 Stem Length (cm)  
 50 55 60 65 70 75 Total 
Average stems/ plant 1.6 1.4 1.8 1 1.8 1.4 9 
Average weight/ stem (g) 17 21 52 50 51 85 46 
Average yield/ plant (g) 26 30 94 50 91 119 410 

 

c) B. ‘Purple Jared’ 2006 Distribution by length 

 Stem Length (cm) 
 45 50 55 60 65 Total 
Average stems/ plant 1.5 1 4.5 2.5 2 11.5 
Average weight/ stem (g) 27 31 59 51 73 53 
Average yield/ plant (g) 41 31 265 129 146 611 
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The results presented in Table 10.1 highlight the variation between form and weight achieved for the 
different varieties. From the data Boronia heterophylla ‘Red’ has the highest yield by weight and 
count of stems. However, overall it has the shortest stem lengths and the lowest overall average stem 
weight meaning more stems are required to make a fixed weight bunch. 

Individual plants were harvested on the same day as each variety has a narrow harvest window and 
little difference is observed with any one bush. Boronia ‘Lipstick and B. ‘Purple Jared’ were 
harvested between the 4th and 15th September whilst B. heterophylla ‘Red’ was harvested between the 
15th and 25th September. 

a) B. heterophylla ‘Red’ 
5/9/06 – 10 months 

b) B. ‘Purple Jared’ 
5/9/06– 21 months 

c) B. ‘Purple Jared’ bunch 
5/9/06 

   
d) B. heterophylla ‘Red’ 
19/9/06 – 10 months 

e) B. ‘Lipstick’ 
19/9/06– 10 months 

f) B. purdieana 
19/9/06 – 10 months 

   
g) B. clavata (ungrafted) 
19/9/06- 10 months  

h) B. ‘Lipstick’ bunches 
from 10 and 21 month old 
plants – side view 

i) B. ‘Lipstick’ bunches from 10 and 21 month 
old plants – top view 

   
Figure 10.2  Growth of grafted Boronia on clonal B. clavata rootstock at Somersby 
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10.2 Corymbia 

Method 

The most advanced plantings of this genus were nine grafts of Corymbia ficifolia ‘BOR’ grafted onto 
C. maculata seedlings, planted in April 2003 and planted in December 2004 at 1.5m centres with 3 m 
between row centres. 

Harvest records were kept for these plants in the three years 2005/6, 2006/7 and 2007/8 with stem 
lengths cut down to the nearest 5cm with a minimum length of 30 cm and weights rounded to the 
nearest 10g. Harvests were generally performed two to three times per week depending on prevailing 
weather conditions. One of these plants proved to be an incompatible graft combination and its yield 
figures have been omitted from the results. Averages have also been rounded to the nearest 10g. 

Results & Discussion 

As can be seen from the images in Figure 10.3 and results in Table 10.2 and 10.3, planting 200mm 
pots of grafted plants of Corymbia ficifolia (BOR) achieved commercial yields within 12 months of 
planting or within 32 months of grafting. Nor did this harvest appear to hinder future yields. Average 
yields by weight were approximately 3.5, 8.8 and 14.5 kilos of flowering material suitable for 
bunching within the first 3 years of planting by which stage the plants appeared to have achieved 
maximum density at the 1.5 m intra-row spacing and yields appeared to plateau. Corymbia was overall 
the most successful genus planted at the Somersby site. 

Over these three seasons stems harvested/ plant increased from approximately 28/ plant to 60/ plant. 
Stem length also increased as expected with the median length increasing from 40cm to 55cm to 60cm 
over the three seasons. Correspondingly, the average weight/ stem increases from 130g to 240g over 
the three seasons. However, in general, the average weight/ stem at a specific length decreased 
becoming more user-friendly for florists and easier to bunch. 

Harvest spread for this variety is particularly tightly restricted with an increasing percentage of stems 
maturing for harvest within a fortnight window increasing from 91% to 92% to 99% as the bushes 
matured. 

Flowering gum is quite a heavy product and is often sold in medium (750g) or large (1kg) bunches for 
longer lengths. Commercial wholesale prices in Sydney market at this time appeared to be roughly 
proportional to weight with a rough rule of thumb in the order of $10/kg. 

This places the returns for healthy flowering gum in the order of up to $35, 88 and 145/kg for the first 
three seasons after planting a larger grafted specimen. 

It must be remembered that these returns reflect the situation for flowers harvested at peak season just 
prior to Christmas and have a strong market. Flowering gum is a highly perishable product that is 
heavy and hard to pack densely, thus suffering from high freight costs. The extended season of this 
species at Somersby appears to be from December to April with greater variation in the hybrid lines.  

Corymbia flowering stems are rarely symmetrical and display a large degree of variation. Flowering 
stems are often ‘divided’ to achieve appropriate sizes for standard bunch sizes. Data presented here 
are ‘raw’ data after conducting routine preparation and trimming to length. Selections of Corymbia 
ficifolia are more likely to exhibit a narrow harvest period in contrast to the hybrid varieties which 
often exhibit an extended flowering period with multiple flushes. 
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a) Planting 2/12/2004 b) 1st harvest 6/12/05 c) 2nd Harvest 9/12/06 d) 3rd Harvest 11/12/07 

   
 

 

    

Figure 10.3  First three years of Corymbia ficifolia BOR grafted on C. maculata seedlings after planting at Somersby– paired photos 
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Table 10.2 Seasonal harvest distribution for Corymbia ficifolia BOR grafted onto Corymbia maculata over the first three harvests 

a) 2005/06 Harvest spread 

 Harvest date 
 12/12/2005 15/12/2005 19/12/2005 22/12/2005 27/12/2005 3/01/2006 7/02/2006 13/02/2006  Total 

Average stems/ plant 6.0 10.0 8.0 1.3 1.6 0.1 0.4 0.4 27.8 
Average yield/ plant (g) 1050 1190 730 150 130 30 140 70 3480 

 

b) 2006/07 Harvest spread 

 Harvest Date  
 5/12/2006 6/12/2006 8/12/2006 11/12/2006 12/12/2006 13/12/2006 18/12/2006 22/12/2006  Total 

Average stems/ plant 9.3 5.8 5.1 18.1 5.3 1.8 3.1 0.4 48.8 
Average yield/ plant (g) 1720 1210 1060 3530 610 300 320 30 8770 

 

c) 2007/08 Harvest spread 

Harvest date 
Plant 11/12/2007 18/12/2007 21/12/2007 24/12/2007 27/12/2007  Total 

Average stems/ plant 10 14 14.5 21.5 0.5 60.5 
Average yield/ plant (g) 3470 4200 3100 3670 50 14470 
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Table 10.3 Harvest distribution by length category for Corymbia ficifolia BOR grafted onto Corymbia maculata rootstock over the first three 
harvests 

a) 2005/06 Distribution by length 

 Stem Length (cm)  
 30 35 40 50 60 70 Total 
Average stems/ plant 2.0 0.4 18.8 5.3 1.3 0.1 27.8 
Average weight/ stem (g) 40 120 110 160 300 490 130 
Average yield/ plant (g) 90 50 2050 860 370 60 3480 

 

b) 2006/07 Distribution by length 

 Stem Length (cm) 
 30 35 40 45 50 55 60 65 70 75 80 85 90 95 Total 
Average stems/plant 0.1 0.6 4.3 6.0 6.5 8.0 7.1 6.5 5.5 1.9 1.5 0.1 0.5 0.1 48.8 
Average weight/ stem (g) 110 70 80 90 130 150 190 240 260 320 320 410 460 580 180 
Average yield/ plant (g) 10 40 340 560 870 1180 1320 1550 1450 610 490 50 230 70 8770 

 

c) 2007/08 Distribution by length 

Length (cm) 
 40 45 50 55 60 65 70 75 80 85 90 95 100 Total 
Average stems/ plant 2.5 3.5 12.5 7.5 10 5 7 3.5 5 2 1 0.5 0.5 60.5 
Average weight/ stem (g) 60 100 110 200 230 270 350 330 400 370 500 680 780 240 
Average yield/ plant (g) 150 330 1330 1490 2270 1340 2420 1170 2000 740 500 340 390 14470 
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10.3 Eremophila 

Method 

Ten Eremophila nivea grafted on clonal  Myoporum montanum rootstock were planted on the 12th 
August 2005 from 100mm large tubes. Plants were harvested in September the following year and a 
representative 5 plants had their yields recorded. Stems less than 40 cm, 20g or 3mm in diameter were 
considered non-commercial. 

Waterlogging and severe Botrytis impacted yields in the following year and these were not recorded 
for 2007. 

Results & Discussion 

Eremophila nivea is a rapidly developing crop with an average of approximately 44 stems and 1675g 
of cut flower harvested within 13 months of planting. Actual yields varied from 1286 up to 2168g 
with a range of 30 to 51 stems. Stems that were only 40cm did not reach the minimum weight criteria. 

Table 10.4 shows that all flowers were harvested between 16th August and 12th September giving a 
nominal harvest period of 4 weeks with flower opening related to current weather conditions. Foliage 
and bud can be picked prior to this date as this product is almost in more demand for foliage than 
flower due to risks with late onset of botrytis rot.  

Stem lengths were excellent with stem lengths up to 90cm being achieved (Table 10.5). On average 
approximately 4-5 bunches of 350-400g between 55 and 75cm in length were yielded  per plant. This 
would return in the order of $18-25/ plant to the grower. 

10.4 Geleznowia 

Method 

Plantings of 35 Geleznowia verrucosa grafted on clonal Correa glabra ‘Red’ rootstock were made in 
November 2005.  These had been grafted six months earlier in May 2005. Harvest records were kept 
for 2006 and 2007. Stem lengths cut down to the nearest 5cm with a minimum length of 20 cm and 
weights rounded to the nearest whole gram. 

Results & Discussion 

The harvest data primarily indicate the relatively low yield of Geleznowia both in average stem count 
and total weight. Average stem count was 5.4 / plant in the first season and 19.4 / plant in the second. 
Average yield/ plant almost doubled from 240 to 392g but stem lengths did not increase nor did the 
average stem weight. Thus the crop remains quite intensive to pick unless a choice was made to 
harvest every second season. 

Secondly they identify the ability to harvest this crop over a prolonged period with a choice being able 
to be made to pick stems all at once or gradually depending on a grower’s needs which can often be an 
advantage to growers pressed for time. 

Unfortunately these yields are quite low and probably uneconomic. 
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Table 10.4  Seasonal harvest distribution for Eremophila nivea grafted onto Myoporum montanum for 2006 

 Harvest date 
 16/8/06 22/8/06 24/8/06 4/9/06 12/9/06 Total 

Average stems/ plant 56.4 52.9 36.8 40.9 41.2 43.8 
Average yield/ plant (g) 339 191 243 581 321 1675 

 

Table 10.5 Harvest distribution by length for Eremophila nivea grafted onto Myoporum montanum for 2006 

Length (cm) 
 45 50 55 60 65 70 75 80 85 90 Total 
Average stems/ plant 0.8 4.8 9.4 10 5.8 3.2 2 1.6 0.4 0.2 38.2 
Average weight/ stem (g) 28.8 29.1 34.4 36.3 54.9 52.1 68.8 85.3 107.5 118 43.8 
Average yield/ plant (g) 23 140 324 363 318 167 138 136 43 24 1674 

 

Table 10.6 Seasonal harvest distribution for Geleznowia verrucosa grafted onto Correa glabra Red over the first two harvests 

a) 2006            b) 2007 

Harvest date 2006 Harvest Date 2007 
 5/05/2006 31/05/2006 9/06/2006 26/06/2006 Total  3/08/07 Total 
Average stems/ plant 0.3 0.9 0.1 4.5 5.8  19.4 19.4 
Average yield/ plant (g) 9 52 13 167 240  392 392 
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Table 10.7 Harvest distribution by length category for Geleznowia verrucosa grafted onto Correa glabra Red over the first two harvests 

a) 2006 

 Length (cm) 
 20 25 30 35 40 Total 
Average stem count/ plant 0.3 1.6 1.9 1.8 0.3 5.8 
Average weight/ stem (g) 20 20 46.3 50.9 90 41.8 
Average weight/ plant (g) 5 31 87 89 28 240 

 

b) 2007 

 Length (cm) 
 20 25 30 35 40 Total 
Average stem count/ plant 9.6 4.5 2.7 2.2 0.4 19.4 
Average weight/ stem (g) 14.3 16.3 31.2 36 45.3 41.9 
Average weight/ plant (g) 137 74 84 79 18 392 
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10.5 Pimelea physodes 

Method 

Grafted specimens of Pimelea physodes grafted on Pimelea ligustrina 1 rootstock were planted at 1m 
centres on 3/11/05. Plants of Pimelea physodes 1 and Pimelea physodes 3 had been grafted in early 
January 2005 and plants of Pimelea physodes 2 had been planted on 26th May 2005. 

Harvest records were kept for these plants in the two years 2006 and 2007. Harvests were generally 
performed at a single time for individual harvests.  

Results & Discussion 

Average yields for each variety are presented in Table 10.8. As can be seen there was a marked 
difference in growth rate of individual lines with average yields varying between approximately 4 and 
11 stems / plants and 500-1300g plant. On the high yielding plants this was an average of 2-3 5 stem 
bunches which could be sold domestically for $6/ bunch or up to $15/ bunch on the export market. 

In the main, stem length ranged from 45-70cm with individual stems 30-300 g (Table 10.9). Some of 
these larger stems could be broken down into smaller lengths for standard bunching if necessary. 

Plants in their second year achieved similar if not higher yields although some plants were affected by 
waterlogging and lost due to root rots. 

Table 10.8 Average yields per variety of Pimelea physodes grafted on Pimelea ligustrina 1 for 
the first season 2006 

 Variety    
 1 2 3 Total 
Average stems harvested / plant 11.4 4.1 13.7 9.8 
Average weight harvested (g) 1250 490 1310 1050 

 

10.5 Pimelea spectabilis 
Method 

Advanced 300mm potted grafted specimens of Pimelea spectabilis grafted on Pimelea ligustrina 1 
rootstock were planted at 1m centres on 3/11/05. These plants had been grafted in March 2004 and 
had not been considered a commercial prospect until preliminary postharvest observations were made 
in September 2005. 

Harvest records were kept for these plants over two years with stems less than 20g, less than 3mm in 
diameter or less than 40cm discarded. Harvest times were based on flower maturity and spread over a 
2 week period from 5th to 19th September 2006. 

Results & Discussion 

The advanced plants of P. spectabilis adapted to field cultivation very rapidly with yields in the first 
season ranging from 1.6 to 4.9kg/ plant averaging just over 3 kg/ plant (Table 10.10). On average 
approximately 55 stems were harvested per plant with an average weight of approximately 55 g. Stem 
weight followed a roughly linear relationship to stem length making bunching at various lengths an 
easy option. 

On average a plant could easily yield seven 400g bunches which could fetch $6-8 each domestically 
making this species an interesting potential crop.  
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Table 10.9 Harvest distribution by length category for Pimelea physodes grafted onto Pimelea ligustrina 1 over the first season in 2006 

a) Average stem count at each length 

Length (cm) 
Variety 30 35 40 45 50 55 60 65 70 75 80 85  Total 

1 0.06 0.18 0.47 1.06 1.71 1.82 3.35 1.47 1.12 0.12 0.06 -- 11.41 
2 -- -- 0.11 0.33 1.67 0.33 0.89 0.44 0.33 -- -- -- 4.11 
3 -- 0.33 0.50 0.83 1.83 2.17 3.50 2.00 1.50 0.50 -- 0.50 13.67 

Overall 0.03 0.16 0.38 0.81 1.72 1.47 2.69 1.28 0.97 0.16 0.03 0.09 9.78 
 

b) Average stem weight at each length (g) 

 Length (cm) 
Variety 30 35 40 45 50 55 60 65 70 75 80 85 Total 

1 70 22 24 37 71 93 124 171 171 278 125 -- 109 
2 -- -- 20 93 91 73 121 209 242 -- -- -- 119 
3 -- 18 30 29 54 51 88 96 173 203 -- 397 96 

Average 70 20 25 42 73 80 115 153 178 233 125 397 107 
 

c) Average plant yield at each length (g) 

 Length (cm) 

Variety 30 35 40 45 50 55 60 65 70 75 80 85 
Grand 
Total 

1 0 0 10 40 120 170 420 250 190 30 10  1250 
2   0 30 150 20 110 90 80    490 
3  10 20 20 100 110 310 190 260 100  200 1310 

Overall 0 0 10 30 130 120 310 200 170 40 0 40 1050 
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Table 10.10 Yield of Pimelea spectabilis grafted onto Pimelea ligustrina 1 at Somersby 2006  

Stem length (cm) 
 40 45 50 55 60 65 70 Total 
Average stems/ plant 4.3 8.9 17 15.6 8.1 1.4 0.4 55.7 
Average weight/ stem (g) 30.5 41.9 53.1 56.9 76.4 80.8 113 55.2 
Average yield/ plant (g) 130 370 905 885 620 115 50 3075 
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11 Grower involvement 

11.1 Expressions of interest 

At the commencement of the project a request for expressions of interest was sent out for participation 
through an advertisement placed in Australian Horticulture in the September 2004 issue in 
conjunction with articles asking for expressions of interest in Australian Horticulture September 2004, 
Australasian Flowers Summer 2004, the Australian Flower Industry magazine June-Aug 2004, NSW 
Flower News July 2004, Floriculture News 2004, The Land - Agriculture Today Supplement 
November 2004 as well as through a radio interview on regional ABC radio.  

11.2 Grower uptake 

Over thirty expressions of interest were received from QLD, WA, VIC and NSW as well as some 
overseas enquiries. After further discussions of varieties available and the requirements of growers, 
ten growers were selected from NSW, Vic and WA.  

Visits were made to growers’ properties to observe growing conditions to better discuss appropriate 
plant selection and suggested combinations for their specific enterprises. Discussions led to the 
identification of other graft combinations that growers were keen to have tried and helped prioritise 
the focus of research. Later visits were made to these properties with the propagator where possible to 
further discuss progress and discuss problems.  

11.3 Grower uptake outside the project 

Significant grower uptake and enquiry has occurred outside the project with growers unwilling to 
commit to full participation or showing interest late in the project. Significant interest has been shown 
in Corymbia and Pimelea physodes in particular, but also in other crops such as Chamelaucium and 
Eremophila. Corymbia plantings have largely been market driven by a strong market for this product 
in Sydney. 

11.4 Species choice by growers 

The widely varying locations and site specific factors affecting each grower greatly influenced their 
species choice. In many cases a grower would not choose a species because they were happy with the 
level of success achieved with that species when it wasn’t grafted. Thus choices that may have been 
the most desirable for a location were often not selected. 

Species chosen were most often those that could not be grown ungrafted in a particular site at all, 
were not available in a clonal ungrafted form and largely picked to broaden a growers’ species mix. 
Thus species chosen were not always optimal from a growing point of view for a particular site.  

11.5 Growers’ strategies 

Individual grower’s approaches to growing their crops were as varied as the crops they tried. They 
covered the full spectrum from minimal input to see what each crop could tolerate and what pest and 
disease problems would need to be managed and when through to intensive investment aiming to 
maximise the return on their capital investment. This is no more evident than during the trialling of 
Pimelea physodes (Qualup bells).  
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11.6 Grower observations 

Growers were asked to report unusual observations and provide samples for pest or disease analysis. 
Progress was discussed during the project and a meeting held with the propagator when possible. 

Farm observations for the crops trialled were completed as part of the project and these form the basis 
of Chapter 12. 

11.7 Plants tested 

Over 7,000 grafted plants were planted on farms during the course of this project from 21 species of 
11 genera within 5 families. In no case were all of these represented on any one farm.  

11.8 Withdrawal from project 

One grower from Western Australia, another from north-western Victoria and one from northern 
NSW withdrew early from the project due to technical difficulties, drought or external circumstances.  

11.9 Best results for growers involved in the project 

Table 11.1 highlights the individual growers locality, general climatic description, soil type and their  
most successful grafted crops.  
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Table 11.1 Grower locality and most successful grafted crops 

Growers Operation Locality Bureau of Meteorology 
Climate Zone and associated 
information 

Soil type Preferred grafted crops 
of those trialled 

Tim Bailey and 
Karen Burns 

Crooby Cottage 
Wildflowers 

Falls Creek, NSW Temperate zone 
Av. Rainfall 1100 mm 
 

Sandy clay 
pH 5.5 (approx) 

Corymbia ficifolia and 
hybrids 

Malcolm and 
Jeanette Baldwin 

Ellinbank Nurseries Ellinbank, Vic Cool temperate 
Av. Rainfall 1100 mm 
 winter/ Spring dominant 

Krasnozem 
pH 5 (approx)  

Darwinia spp. 

Jeff Grace The Protea Patch Broulee, NSW Temperate zone 
Av. Rainfall 1600 mm  

Clay loam 
pH 5.5 (approx.) 

Corymbia ficifolia and 
hybrids 

Harry Kibbler Adei Wildflowers Kempsey, NSW Warm humid summer 
Av. Rainfall 1200 mm 

Vertisol 
pH 5.5 (approx) 

Pimelea physodes 

Gordon and Carol 
Meiklejohn 

Brimstone Waratahs The Oaks, NSW Temperate zone 
Av. Rainfall 900 mm 

Clay loam  
pH 5.5 (approx) 

Pimelea physodes 

Craig and Angela 
Scott 

East Coast Wildflowers Mangrove Mountain, 
NSW 

Temperate zone 
Av. Rainfall 1350 mm 

Sandy loam 
pH 5 (approx) 

Corymbia ficifolia and 
hybrids 

Jonathan Steeds 
and Olga Blacha 

Southern Cross Native 
Flora 

Somersby, NSW Temperate zone 
Av. Rainfall 1200 mm 

Sandy loam 
pH 5.5 (approx) 

Corymbia ficifolia and 
hybrids 

Brian and Pat 
Sundin 

Sandyn Manor Flowers Kempsey, NSW Warm humid summer 
Summer 

Sandy loam 
pH 5.5 (approx) 

Corymbia ficifolia and 
hybrids 
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12 Crop success or failure 
Each of the product lines was assessed by growers for their potential as cut flowers in their operation. 
A summary of the main results is given followed by general discussion of their observations. 

Three symbols have been used to highlight key traits: positive (), neutral (), and negative (). 

 12.1 Banksia 

12.1.1 Summary 

 Well known product 

 Seasonal or local opportunities 

 Successful combinations are long lasting and vigorous 

 Current reliance on seedling rootstocks 

 Graft compatibility incredibly variable and generally extremely poor 

 Combinations exist but limited by the lack of clonal compatible rootstock 

 Not currently available 

12.1.2 Graft compatibility 

Traditionally most Banksias are propagated by seed. This has also been true for most rootstocks and 
even scions to date. Banksia grafting to date has shown that compatibility between species is often 
highly variable between seed lots and even individual seedlings. For Banksia grafting to become a 
reality a move to clonal rootstocks as well as scions will be necessary. 

Fortunately for flower growers, graft incompatibility is expressed very early and is generally clear in 
the first few months in the nursery before the propagator would consider selling the product. Having 
said this grafts that are deemed compatible at this stage (having lasted four months) have been shown 
to last at least eight years in the field. 

12.1.3 Rootstock Factors 

Compatible grafts have strong graft unions which require no additional support in the field after 12 
months. Generally B. integrifolia has proven to be a plant tolerant of a wide range of conditions and 
showed no weakness in the present study. 

12.1.4 Scion factors 

The Banksia praemorsa ‘Yellow form’ used in these preliminary trials flowered successfully at 
Somersby, with no apparent fungal issues. However, bud borers and caterpillars appeared to be the 
greatest pest risks. 

12.1.5 Economic summary 

Grafted plants of Banksia are not available commercially at this stage due to a lack of combinations 
that are compatible at a high enough percentage on seedling rootstocks. 
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Grafted plants of B. praemorsa ‘Yellow form’ are not an economic product at this stage due to a lack 
of saleable stems. However early evidence suggests that grafting of more commercial species onto 
compatible clonally produced rootstocks may be an opportunity in the future. 

12.1.6 General 

Evidence from the literature shows that Banksia grafting remains in its infancy because of high levels 
of incompatibility and partial compatibility, leading to highly variable and inaccurate reporting of 
results. Thus knowledge of compatible combinations is very poor and for research to have any chance 
of success clonal propagation of rootstock lines will need to be achieved. At this stage several known 
combinations exist between selected scion and rootstock clones however success rates using seedling 
rootstock and seedling scions of these species is usually very low. 

One moderately successful combination using seedling rootstocks and scions is B. praemorsa ‘Yellow 
form’ on B .integrifolia. Research at Gosford has indicated that seedling on seedling graft 
combinations can achieve success in the order of 25 %. Similarly, compatible scions have been re-
grafted onto new seedlings with a similar percentage of success. Flowering of these grafts have been 
achieved within 3 years from grafting with up to 100 flower heads in the 4th year. Healthy growth and 
survival has been achieved for 6 years with no signs of incompatibility (Figure 12.1a-f). 

Unfortunately the general habit of this form when grafted fails to produce stems suitable as cut 
flowers with most stems short or bent. A more severe pruning regime may have some benefit. 

 12.2 Boronia 

12.2.1 Summary 

 Phytophthora resistance achieved 

 Plant form excellent 

 Range of combinations available 

 Suitable for current Boronia regions 

 No resistance to nematodes 

 Still susceptible to waterlogging 

 Still susceptible to high temperatures 

 Dense plants are susceptible to wind damage 

12.2.2 Graft compatibility 

Graft compatibility has been excellent for major flowering lines. No graft compatibility issues have 
been reported by growers nor observed in the field at Somersby or in greenhouse grown plants for the 
combinations reported as compatible in Table 8.6. Some minor reports of breakage have been reported 
at the graft union where plants are exposed to strong winds during early vigorous growth. 
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a) 3 months c) 26 months e) 35 months 

   
b) 7 months d) 34 months f) 46 months 

   
Figure 12.1 Growth of grafted Banksia praemorsa grafted seedlings (months from grafting) 
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12.2.3 Rootstock Factors 

Rootstock factors are a major factor in the commercial cultivation of Boronia with tolerance to local 
soil conditions being a major limitation. Current rootstocks although resistant to a number of 
pathogens are still susceptible to some pests and diseases and when associated with vigorous growth 
are susceptible to instability associated with strong winds. 

Phytophthora spp. - Phytophthora root rots 

A number of species of Phytophthora affect cultivated Boronia. An earlier survey of Boronia 
plantations on the NSW south coast (Figure 12.2a), identified three main pathogens. These were 
P. cinnamomi, P. cryptogea and P. dreschleri. On this basis, B. clavata was chosen as a rootstock as it 
proved tolerant of each of these three pathogens. Greenhouse inoculation trials proved grafted plants 
were resistant to colonisation by the pathogens when inoculated below the graft union. However 
inoculation above the graft union highlighted the largely independent nature of stock and scion. 
P. cryptogea and P. dreschleri were able to cause mortality in 69% and 8% of cases respectively 
within 11 weeks when inoculated above the graft union despite the height above soil level. The failure 
of P. dreschleri and P. cinnamomi to cause further mortality indicated partial protection (Lidbetter, J 
et al., 2002). Unfortunately with further testing as part of this project it has proven susceptible to  
P. cactorum present on the central and mid-north coast of NSW. 

Pythium irregulare 

Pythium and particularly Pythium irregulare has often been detected as present in samples of dying 
Boronia. This disease although not currently noted as a major pathogen appears to have pathogenic 
activity particularly when plants are under stress. 

Meloidogyne spp.- Root knot nematode 

Nematodes are obligate root parasites of a large range of plants and are generally more prevalent in 
sandy soils (figure 12.2b). The soil at Somersby was not fumigated initially to allow observation of 
which species susceptible. Once nematode infection was identified application of Nemacur® was 
used in an attempt to reduce the impact of these pests. Unfortunately, this was largely unsuccessful 
and plants gradually declined over two to three years. Anyone attempting to grow Boronia is strongly 
urged to undertake a nematode analysis of their soil pre-planting. 

Wind and rain damage 

Boronias are moderately susceptible to wind damage due to their density of foliage. This is often 
exacerbated with the extra weight of wet foliage and can lead to stem breakage particularly at branch 
junctions (Figure 12.2c). Not only does this damage lead to obvious crop loss but provides critical 
entry sites for plant pathogens. 

12.2.4 Scion factors 

Generally Boronia species have relatively few scion issues in the field with occasional attack by 
insects being the major concern and Boronia rust being of concern in some areas in Western 
Australia. In this trial, growers were provided with Boronia heterophylla ‘Moonglow’. This is a white 
variety that has generally been found to be less vigorous and more susceptible to damage than the 
standard red form, as well as in limited availability due to being harder to propagate clonally. 
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a) Mature ungrafted Boronia heterophylla plants with 
Phytophthora dieback 

b) Root knot nematode damage 

  
c) Wind to damage to ungrafted plants of Boronia clavata d) Boronia heterophylla infected with 

Puccinia Boroniae 

  
Figure 12.2 Causes of loss in Boronia plantations 
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Puccinia Boroniae – Boronia rust 

Boronia rust (Figure 12.2d) is an endemic disease of several Boronia species including B. 
heterophylla and B. megastigma. Although recorded on nursery plants grown on the east coast it has 
not been seen in plantings cultivated for cut flowers there. However it has proven a problem on 
several plantations in Western Australia (Driessen et al., 2003). Symptoms are brown to black 
pustular growths on leaves which can lead to leaf drop. 

12.2.5 Economic summary 

In most cases this plant was uneconomic with growers outside the normal Boronia growing region 
having difficulty achieving a commercial return in the short-term or long term survival generally 
(Figure 12.3a-d). 

Growers on the south coast of NSW had better success in areas that may be considered on the edge of 
normal commercial growing areas but were badly affected by dry conditions in 2007-2008 with some 
growers running out of water.  

Opportunities may remain on the south coast of NSW, Victoria and south-western Western Australia 
but this may need to be explored on a case by case basis. 

12.2.6 General 

Generally, success with Boronia was limited outside of the normal growing areas where the advantage 
of resistance to the local disease problems for which the rootstock was selected proved successful. 
Long-term survival remains a major factor with a range of new pest and diseases coming forward in 
other growing areas and this may be an area for further rootstock selection. 

The high water requirement and a need for good wind protection at all ages were highlighted as part 
of this work. 

12.3 Chamelaucium uncinatum and hybrids 

12.3.1 Summary 

 Phytophthora tolerance 

 Reduced plant losses 

 Can increase yields 

 Variation between varieties 

 Benefit is site and variety specific 

. 
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a) B. ‘Moonglow’ 7 months (north 
coast, NSW) 

b) B. ‘Moonglow’ 10 months 
(south coast, NSW) 

c) B. ‘Moonglow’ 10 months south coast, NSW 

   
d) 12 month old (Somersby, NSW) e) C. uncinatum 9 months 

(Somersby, NSW) 
f) Grafted C. uncinatum two years old (north coast, NSW) 

   
Figure 12.3 On farm trialling of grafted Boronia heterophylla ‘Moonglow a- d; and Chamelaucium uncinatum e-f 
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12.3.2 Graft compatibility 

Graft compatibility in the field has not proved a problem on Chamelaucium uncinatum ‘Purple Pride’ 
rootstock. Suckering is only a minor issue early on but soon disappears. 

12.3.3 Rootstock Factors 

The major issue with this rootstock is the risk of root binding due to the longer period the plants spend 
in tubes following grafting. This is easily overcome through the use of appropriate pots and re-potting 
or planting in a timely manner prior to root binding occurring. It must be realised that this problem if 
not observed early on usually only becomes an issue 12 to 36 months later when the plant suddenly 
dies. 

12.3.4 Scion factors 

This species has some susceptibility to Botrytis which varies between varieties and this issue can 
become a problem in warm, moist areas.  

12.3.5 Economic summary 

Grafting may be economic for growers who market a lot of their product direct to customers as mixed 
bunches or bouquets and avoids the need for paying wholesale margins and freight. Alternatively 
there may be a role for high value lines that are difficult to grow and have some distinct advantage. 
However, it is unlikely to be a standard practice for large scale operations due to the low value 
commodity nature of the product and the economics currently involved. 

12.3.6 General 

In general, grafted waxflower was only successful for niche market growers in this project even 
though this crop is successful in its own right elsewhere (figure 12.5e-f). 

 12.4 Corymbia ficifolia and hybrids 

12.4.1 Summary 

 Excellent yields 

 Quick to flowering 

 Flowers closer to ground for ease of harvest 

 Harvest within 12-24 months 

 Range of colours and timings 

 Opportunities for bud, flower and ‘nuts’ 

 Long plant life 

 Tolerates hard pruning 

 Grafting overcomes juvenility 

 Ethylene sensitivity 

 Relatively short vase life 
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 Heavy and bulky  

 Variable seedling rootstock compatibility 

 Need for development of clonal rootstocks 

 New pest and disease combinations 

12.4.2 Graft compatibility 

In general compatible grafts of Corymbia are very strong and rarely need support after 6 months. 

As discussed earlier flowering gum lines are currently grafted onto seedlings. With this comes a risk 
of variable compatibility. At this stage much of the risk lies with the propagator, however a proportion 
of plants at saleable age still face the risk of medium term incompatibility which often does not 
become obvious until 1-4 years after planting as shown in Figure 12.4 b-d and further discussed in 
Section 2.3. 

In the longer term opportunities exist with the development of specific clonally propagated rootstocks 
or interstocks but current cost structures for the propagator mean the current usage of seedling 
rootstocks will remain the norm in the foreseeable future. Thus growers should carefully assess the 
graft union of potential purchases, develop a good relationship with their propagator and expect some 
losses to occur.  

12.4.3 Rootstock Factors 

Corymbia rootstocks have been shown to be very tolerant of a range of conditions and generally very 
stable in the ground when plants are pruned to a vase shape. One exception has been on sandy soils on 
the Central coast where a tree was allowed to take a very erect juvenile form and the whole tree was 
blown out of the ground in very high winds. 

12.4.4 Scion factors 

The major issues with this crop are related to insect damage and these are discussed in the following 
chapter. A number of recently described or currently undescribed leaf spots or blights are also 
becoming an issue but are not described here. 

One of the key issues for production is management of plant form to ensure the maximum number of 
stems at an optimum size depending on the market. Trees will tolerate hard pruning, but early pruning 
needs to be appropriate to develop a suitable plant form for maximum yield. The selections of 
Corymbia ficifolia have proven more amenable to developing a good structure whereas the hybrid 
selections are more difficult to shape.  

One noted advantage of grafted material compared to seedling stock (where it could be grown) was 
the management advantage associated with the smaller tree size making all procedures from spraying 
to harvesting and pruning easier. This can be readily seen comparing the images in Figures 12.4 and 
12.5. 
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a) 33 month old ‘Summer snow’ in flower (Central 
Coast NSW) 

b) 21 month old trees variation in compatibility 
shown in c) and d) (South coast, NSW) 

  
c) Compatible d) Medium term-incompatible with suckering  

  
e) 9 months old (South Coast, NSW) f) 21 months old (South Coast, NSW) 

  

Figure 12.4 Growth of grafted Corymbia on farm 
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a) Mature seedling form (eastern Victoria) b) Harvesting seedling forms can be challenging 

  
c) Summer Snow attractive in bud and early flower d) Nuts 

  
e) ‘Summer’ series f) Corymbia for sale in Sydney market 

  
Figure 12.5 Harvest of grafted Corymbia grown on farm 
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12.4.5 Economic summary 

Of the products trialled in this project Corymbia is the bulkiest of the product lines and thus is heavily 
affected by both increases in freight cost rises and the value of our currency. In flower, it also 
generally has a relatively short vase life and thus needs to reach markets quickly. However, it is a 
most spectacular flower and has a strong market domestically, particularly in Sydney. Buds and nuts 
are also sought after and are able to be packed more tightly and perishability is much less of an issue 
particularly for nuts (Figure 12.5 c-d). 

The seasonal distribution of the product sees a very strong market for red or near red forms prior to 
Christmas, with a drop in prices in January when the market is weak followed by a strengthening in 
the following months as the overall market returns to normal. 

Flower growers reported very strong returns for this product in the order of $50-80/ plant once mature 
making it the most economically viable of the crops trialled. 

12.4.6 General 

All growers that tried Corymbia reported success in growing the crop. Thus it can be concluded that it 
is suitable to all of the higher rainfall areas around the eastern seaboard. Evidence suggests that this 
crop loves a lot of water and that it may be vulnerable to dry periods particularly during bud 
development. Thus a general recommendation would include that it needs to be irrigated or grown in a 
high rainfall area for best results.  

 12.5 Darwinia 

12.5.1 Summary 

 Range of forms and timings 

 Performing in Victoria 

 Failure to flower in northern NSW 

 Dropping dead in warmer wetter areas  

 Some forms difficult to pick 

12.5.2 Graft compatibility 

Graft compatibility has been excellent with no union failures reported. No graft compatibility issues 
have been reported by growers. Minor suckering occurs in the first 12 months, until the scion reaches 
a critical size. 

12.5.3 Rootstock Factors 

The rootstock has thrived in the moist, acid, cooler soils of eastern Victoria but struggled in both the 
drier sandy soils of the central coast and the warmer, heavier and periodically wet soils of northern 
NSW. In central and Northern NSW all plants have usually died within 2-3 years whereas in Victoria 
survival is greater than 90% for all four lines grown after 6 years. 
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12.5.4 Scion factors 

Both the foliage and flowers appear to have been little affected by foliage diseases such as Botrytis 
which have affected other genera but flowering has been erratic and poorer further north, often being 
confined to lower, older stems or sometimes non existent.  

12.5.5 Economic summary 

Saleable stems have been obtained on all four lines grown in Victoria (figure 12.6a-c) with this genera 
being the most economically rewarding of all tried with returns averaging $25 – 45/ plant/ annum. 
Although growth was slower than further north, flowering was excellent and plant losses were 
minimal with 95% or more of plants surviving after 5 years. Grower returns from D. macrostegia 
averaged 50 stems, 60cm long at 90c/ stem and D. meeboldii averaging 40-50 stems, 100cm long at 
$1.60/ stem every second year wholesale in Melbourne.  

However, in all other locations grafted Darwinias proved uneconomic or more often lead to major 
losses. Erratic or poor flowering in northern NSW countered the excellent growth rates achieved 
(Figure 12.6 d - f) and this was further tempered by deaths which saw all plants lost by the 4th year. 

12.5.6 General 

Grafted Darwinias appear to have a relatively narrow region of opportunity largely limited by latitude 
and temperature. One Victorian grower in particular could not be happier growing these lines and 
believes that there is good opportunity for selective hybridisation for more commercial forms. 
However, it is likely to remain a niche product providing opportunities for this region. 

 12.6 Eremophila nivea 

12.6.1 Summary 

 Good yields 

 Quick growing, harvest within 12 months 

 Excellent vase life 

 Botrytis susceptibility is a major problem 

 Moderate value  

 Very high water use post harvest 

12.6.2 Graft compatibility 

Generally, the graft union for this plant is quite stable, however the plant is vulnerable to strong winds 
and the union can break when quite young. Also, the plant is prone to rootstock suckering when young 
and after harvesting. These suckers need to be removed to maximise growth. 
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a) D. oxylepis 5 month old (eastern 
Victoria) 

b) D. meeboldii 5 months old (eastern 
Victoria) 

c) D. meeboldii 5 months old 
(central coast, NSW) 

   
d) D. meeboldii 5 months old 
(north coast, NSW) 

e) D. meeboldii 17 months old (north 
coast, NSW) 

f) D. oxylepis 17 months old 
(north coast, NSW) 

   
Figure 12.6 Grafted Darwinia grown on farm 

12.6.3 Rootstock Factors 

The rootstock appears to be moderately thirsty and does not tolerate water stress well. When well 
watered the plant is very vigorous.  

12.6.4 Scion factors 

This species is adapted to quite low rainfall areas in Western Australia and a number of growers 
commented on the need to control Botrytis (Figure 12.7a-b) being a major issue, with flowers and 
pruning wounds being particularly susceptible. The need to regularly apply preventative measures for 
the control of Botrytis and the difficulty of achieving this in sustained periods of wet weather often 
led to premature plant death. 

Similarly, the hairy nature of the leaves and the natural vigour of the plant make it particularly 
susceptible to wind damage when the foliage is wet. 
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a) Unsprayed trial– Botrytis 
infection (eastern Victoria) 

b) Post harvest expression of Botrytis not 
observable at harvest 

c) 9 months old (south coast, NSW) 

   

d) E. muelleriana  e) White form of E. nivea f) 9 months old(central coast, NSW) 

   
Figure 12.7 Grafted Eremophila grown on farm



 

 98 

12.6.5 Economic summary 

The vigour of this species allows a good commercial harvest with stem lengths greater than 50cm in 
most conditions with higher yields in year 2. This provides an early return on investment and 
improves the plants value. However, it has a relatively limited market where problems with delayed 
Botrytis infection reducing the crops’ value. Added to this the need to regularly control Botrytis and 
associated plant deaths reduce the plants’ overall economic viability. 

12.6.6 General 

This species, although often providing a very quick return, needs careful disease management and 
therefore is less desirable. Opportunities exist for growing this species in drier climates with adequate 
irrigation. 

Further opportunities exist with other forms and other species in this genus e.g. E. muelleriana 
(Figure 12.7d-e). 

 12.7 Geleznowia verrucosa 

12.7.1 Summary 

 Good timing 

 High value – good pack-out 

 Low yield 

 Short stems 

 Susceptible to nematodes 

12.7.2 Graft compatibility 

Field trialling evidence suggests no problems with compatibility. 

12.7.3 Rootstock Factors 

The rootstock although compatible appears to have trouble keeping pace with the growth and weight 
of the scion and needs supplementary support. Susceptibility to nematodes also makes it unsuitable 
for infested sandy sites. 

12.7.4 Scion factors 

Geleznowia generally appears relatively free from pests and disease. It produces flowers in late 
winter, an ideal time for growers to fill their normally low production period but its grafted habit 
produces numerous short stems which are unable to support the weight of fully expanded flowers 
leading to a weeping habit. Whilst this is highly desirable for a garden plant, for a cur flower it leads 
to a plant too small and requiring too many ‘cuts’ to be economic. A relatively high stem count is 
achieved but these stems are relatively low in value.  

12.7.5 Economic summary 

Although saleable stems are produced, their value/ plant are insufficient to justify grafting this plant 
for commercial plantings.  
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Although relatively successful across the test range with good survival into year two, growers rarely 
produced more than 2 short bunches/ plant per annum with returns in the order of $10-16/ plant/ 
annum. 

12.7.6 General 

Although a plant that can be grown under the right conditions and fill a useful niche in the season, 
grafted Geleznowia is unlikely to be grown commercially as a cut flower, due to its relatively low 
return/ plant.  

a)  b) c) 

   
d)  e) f) 

   
Figure 12.8 Grafted Geleznowia grown on farm 

 

 12.8 Pimelea physodes 

12.8.1 Summary 

 Excellent yields 

 High value, high pack-out 
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 Harvest within 12 months 

 Good vase life 

 Responds well to vase solutions 

 Botrytis susceptibility 

 Wind susceptibility  

 Susceptibility to wet feet 

 Short term crop 

 Further rootstock improvement required 

12.8.2 Graft compatibility 

As reported in Section 8.1 there are minor signs of incompatibility that exist in the graft combination 
of P. physodes on P. ligustrina. These are exhibited by rootstock suckering whilst young and swelling 
and slight overgrowth of the scion above the union. Similarly, there can be some weakness at the graft 
union when young and it is prudent to provide good support to these plants. Unfortunately this 
indicates long-term incompatibility. 

12.8.3 Rootstock Factors 

Generally, Pimeleas do not like waterlogging and need freely-draining soil. Although relatively 
tolerant to a wide range of conditions Pimelea ligustrina is no exception and is vulnerable to root rots 
if the soil becomes ponded for any period of time. Similarly, the root system is particularly prone to 
damage from wind-rocking particularly as Pimelea physodes is a much denser plant than Pimelea 
ligustrina. Wind-rocking and ponding proved to be the two major causes of plant loss on growers’ 
properties. However, in cases where these problems could be avoided plants have now been growing 
well for over 6 years.  

12.8.4 Scion factors 

Ironically, the major problems with this scion relate to its vigour on this rootstock. The density 
of the bush generated makes it vulnerable to high winds and increases humidity leading to 
risks from Botrytis. Developing buds and flowers are susceptible to characteristic spotting 
following the application of pesticide and it is strongly suggested preliminary trials are 
performed. 
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a) Rootstock – P. ligustrina b) Rootstock – P. latifolia 

  

Figure 12.9 Pimelea physodes –variation in rootstock compatibility 

12.8.5 Economic summary 

Early on, growers generally were very impressed with this high value, low volume product reducing 
the impact of freight and currency exchange rates on returns. Early returns were very good with 
excellent prices/ stem, per plant and per box. Growers achieved $12-36 / plant in the first year and 
$18-45 in the second for plants that grew well. Marketing and markets chosen have an impact on 
prices received. Successful yields were achieved from Victoria to Northern NSW, however the need 
to continually control Botrytis and susceptibility to wet feet and wind rocking brought an early end to 
the crop in both the north and the south with most success where better drainage was available and 
more intensive management was applied. Growers who had not invested in adequate support 
structures for this crop rarely had it survive more than two to three years. Thus survival ranged from 
0-75% at 3 years. Experience has shown that with an adequate support framework such as used in 
Figures 12.10 g-i, an extended commercial life can be maintained for at least 3 to 4 years potentially 
justifying the expense for this high value product. Interest remains but growers generally believe there 
is still more work to be done to develop this crop commercially both with optimising graft 
combinations and particularly with field management. 

12.8.6 General 

All Pimeleas and particularly P. physodes are wind sensitive especially when exposed and growing 
vigorously and windbreaks are strongly recommended. The best additional management solution 
designed by a grower on the project was the use of a vertical trellis of pig wire with holes of 
approximately 100 mm x 150 mm. Plants can be easily threaded through this fence or clipped or tied 
on when young and growing. An extra external supporting tie may be required at flowering because of 
the extra weight especially when wet. However, this system does not interfere greatly with the 
harvesting of crops as most stems are cut away from the central axis. 
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a)  b)  c) 

   
d)  e)  f) 

   
g)  h)  i) 

   
Figure 12.10 Pimelea physodes - variation in support methodologies used by growers 
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a) b) 

  

Figure 12.11 Pimelea physodes – pests and disease 

 

12.8.7 Major pests and diseases  

Epiphyas spp. – Including Light Brown Apple Moth (LBAM) 

Epiphyas liadelpha (Seaton, 1999) and Epiphyas postvittana (LBAM) are both endemic species of 
Tortricid moths that have been identified as pests of Qualup Bell. Larvae tend to attack developing 
leaf and flower buds (Figure 12.11a). This problem is of greatest concern when it relates to 
developing flower buds, and that which appears as the flowers develop. Furthermore, they remain of 
particular quarantine concern for exports. 

Botrytis cinerea – grey mould 

Botrytis cinerea (grey mould) is a common disease of ornamentals and cut-flowers that can have 
significant effects on Qualup Bell plants and flowers post-harvest (Figure 12.11b). 

 12.9 Pimelea spectabilis 

12.9.1 Summary 

 Excellent yields 

 Moderate value, high pack-out 

 Good vase life 



 

 104 

 Responds well to vase solutions 

 Wind susceptibility  

 Short season 

 Susceptibility to wet feet 

 Short term crop 

 Current need for an interstock 

12.9.2 Graft compatibility 

The selection of Pimelea spectabilis is not directly compatible with the selection of P. ligustrina used 
in this project and requires a compatible interstock. For this purpose P. ferruginea has proven 
eminently suitable. The double worked combination has proven highly suitable with no evidence of 
incompatibility over 5 years. 

12.9.3 Rootstock Factors 

As the rootstock is the same as that used for P. physodes please refer to notes in section 12.8.3. 

12.9.4 Scion factors 

The scion P. spectabilis has no particularly obvious pest and disease problems although in extreme 
situations LBAM and Botrytis can be a minor problem. One consideration is the need to try and prune 
the plant to an open vase shape after flowering to maximise stem length and flower quality in the 
following season. Although not as dense, P. spectabilis is generally larger and carries a similar weight 
of foliage to P. physodes. Thus good support is essential, especially if rain and wind is expected just 
prior to harvest when the plant is at its most vulnerable. Stems are generally lighter but stem count is 
higher/ plant than P. physodes and this requires a little more time picking and processing. 

12.9.5 Economic summary 

Although only preliminary trials have been conducted on this species it appears to have a ready 
market, though perhaps not as strong as P. physodes. Current estimates indicate that it is capable of 
maintaining a return of $20-25/ annum.  

12.9.6 General 

This species has only had very limited field and commercial trialling and therefore few 
recommendations can be made. It shows definite potential but is probably limited by rootstock site 
tolerance. Having a lower value than Pimelea physodes it doesn’t justify the same level of intensive 
management. 
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a) 21/2/06 b) 9/6/06 c) 5/9/06 

   
d) 8/9/06 after rain e) 19/9/06 f) 21/9/07 

   

Figure 12.12 Pimelea spectabilis at Somersby 
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12.10  Regelia velutina 

12.10.1 Summary 

 Attractive foliage 

 Foliage has an excellent vase life 

 Attractive flower 

 Still early stages of testing 

As yet very little limited trialling of this species have been done to date. Current observations show 
Regelia velutina to be relatively free of pests and diseases although root death has recently been 
recorded on heavy soils after a short period of waterlogging.  

12.10.2 Graft compatibility 

Experimental evidence has shown that variation in compatibility exists within grafted seedling lines of 
this species on Regelia ciliata. However, selected combinations such as that used for on-farm tests 
have proven to be highly compatible. 

12.10.3 Rootstock Factors 

At this stage there is little information about the rootstock, although some lodging has been observed 
in plants exposed to very high winds. Despite this, these plants continued to survive and grow 
vigorously. 

12.10.4 Scion factors 

Field testing of ungrafted specimens in eastern Victoria have produced excellent vigour but few 
flowers even up to four years old these plants are now pruned hard for foliage every year and never 
flower. Similar vigour has been recorded on the central coast of New South Wales with grafted plants, 
but the first traces of flowering have occurred within 18 months.  

12.10.5 Economic summary 

The best longer term results are shown for ungrafted specimens in eastern Victoria which are growing 
well with very few problems. Foliage yields are in the order of 60 x 60cm stems / annum at $0.70/ 
stem or approximately $42/ plant after 5 years with no plant losses in this time 

12.10.6 General 

Preliminary observations indicate this species when grafted onto Regelia citiata produces large 
vigorous plants with no major pest or disease problems. However, due to their vigour and density they 
are vulnerable to wind rocking. Early results show this species makes excellent cut foliage with a very 
long vase life or dried. 
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a) 20 months old b) 30 months old c) Flower detail 

   
Figure 12.13 Growth of Regelia velutina 

 

 12.11 Verticordia 

12.11.1 Summary 

 Range of colours and timings 

 Botrytis sensitivity 

 High P sensitivity 

 Erratic flowering 

 Yield? 

 Early stages of testing 

12.11.2 Graft compatibility 

No apparent problems were observed with either graft combination. 

12.11.3 Rootstock Factors 

The major rootstock issue observed related to susceptibility to problems with high phosphorous soils. 
This could be remedied by the addition of iron chelates. 
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12.11.4 Scion factors 

Two major problems with growing grafted Verticordia were observed in this project with both 
Vertocordia grandis and Verticordia monadelpha var. Callitricha.  The first is the risk of foliage and 
flower diseases such as Botrytis cinerea associated with high humidity. As discussed before these 
have quality, management and economic implications.  

The second relates to their tendency to regularly go to flower before any substantial stem-length has 
been achieved. This latter factor is the more frustrating as it appeared to be outside grower control. 
Something which potentially makes them ideal garden specimens is just a problem as far as growers 
were concerned. 

Verticordia callitricha var monadelpha was generally more successful in the range of climates tested 
but flowering stems were often very short and Botrytis control remained a major problem. 

12.11.5 Economic summary 

In general both forms of Verticordia were economic failures at all trial sites failing to produce 
sufficient stem length or overall yield. 

12.11.6 General 

Realistically these plants need to be tried in a much drier environment with supplementary watering to 
gauge what true commercial possibilities they may have. 

a) 12 months old in bud b) 12 months old c) 18 months old 

   

d) 18 months old e) Botrytis damage f) 9 months old 

   

Figure 12.14 Farm evaluation of Verticordia callitricha var monadelpha (a-e) and V. grandis (f) 
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13 Observed pests of Corymbia ficifolia 
The huge number of eucalypt species across the continent has allowed the development of a diverse 
array of pests and diseases. With the movement of cut flower species out of their natural range we are 
discovering a range of new host/ pest or disease combinations.  

Three very good field guides to pests and diseases of eucalypt species normally found on the east 
coast exist.  Despite being written for the forestry industry they have direct relevance to the problems 
faced by flower growers. 

These are ‘Forests and Timber: A Field Guide to Exotic Pests and Diseases’ (Mireku and Roach, 
2000), ‘Field Guide to Common Pests and Diseases in Eucalypt Plantations in NSW’ (Carnegie, 2002) 
and ‘Healthy Hardwoods – A Field Guide to Pests, Diseases and Nutritional Disorders in Sub-tropical 
Hardwoods’ (Carnegie et al., 2008). 

13.1 Insect pests 

Anoplognathus spp. – Christmas beetles 

These beetles are large (15-30mm) shiny and red-brown to yellow-brown. The larvae feed on grass 
roots with the adults emerging from the soil often following rainfall in the warmer months with 
several species often observed in plantations at the same time. The beetles feed in swarms and thus 
can cause considerable damage particularly to plantations surrounded by pasture. In forest plantations 
Beetles mainly feed on mature leaves, with a jagged ripping pattern for feeding. 

Variation in susceptibility of individual Corymbia species forest trees has been observed (Carnegie et 
al., 2008). Whether this is also the case for individual varieties of flowering gum at this stage is 
uncertain, however initial observations suggest the ‘Summer’ (Corymbia ficifolia x C. ptychocarpa) 
hybrid series and C. maculata may be more susceptible than varieties of C. ficifolia. This may have to 
do with the earlier flowering of straight C. ficifolia varieties leading to tougher leaves. 

 

Figure 13.1 Anoplognathus chloropyrus (Christmas beetle) feeding on young growth of 
Corymbia ‘Summer Glory’ - note the distinct jagged feeding pattern  
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Doratifera spp. - Cup moths 

Caterpillars of these species skeletonise leaves. When young the caterpillers remain in large groups 
but as they grow they will eat alone in groups of up to 5 and consume the whole leaf. They can cause 
extensive defoliation but are usually restricted to only a few trees at any one time. Mature caterpillars 
are up to 35mm long 

 

Figure 13.2 Doratifera casta (Black slug cup moth) feeding on Corymbia ficifolia 

Mnesampela privata – Autumn Gum Moths 

Young caterpillars skeletonise the leaves, progressing to eating whole leaves as they grow eventually 
defoliating whole stems. These caterpillars form shelters at branch tips and only feed at night. Mature 
larvae are green-brown with two characteristic yellow spots on the upper surface. 

Phylacteophaga spp.  Leafblister sawflies 

Larvae are often found attacking young mature leaves, feeding below the leaf surface creating a 
distinct blister. Blisters are initially small and enlarge as the larvae grow. More than one larvae and 
hence blisters may occur on a single leaf.  

Paropsis spp. – Chrysomelid leaf beetles 

A number of Eucalyptus leaf eating beetles exist in the genus. Larvae feed on immature leaves, mostly 
consuming the whole leaf and defoliating the upper crown.  

A common species is P. atomaria which has a very distinctive egg laying pattern (Figure 13.4). 
Juveniles emerge (Figure 13.5) and complete their life cycle in as little as 4-6 weeks at high 
temperatures which means the population can expand quite rapidly.
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Figure 13.3 Phylacteophaga froggatti 
feeding on Corymbia ficifolia 

 

Figure 13.4 Paropsis atomaria (Eucalyptus 
tortoise shell beetle) eggs on 
Corymbia ficifolia ‘Bronze 
Orange Red’  

 

 

Figure 13.5 Paropsis atomaria (Eucalyptus 
tortoise shell beetle) larvae on 
Corymbia ficifolia ‘Bronze 
Orange Red’  

 

 

 

Figure 13.6 Clump of sawfly larvae on 
Corymbia ficifolia ‘Bronze 
Orange Red’  
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Perga spp. and Pergagrapta spp. – Eucalypt Sawflies 

Sawfly larvae (Figure 13.6) are similar to caterpillars and are usually observed in clumps of 10 or 
more during the day, dispersing at night to feed. An identifying feature is the tendency to lift their 
‘tails’ and exude a yellowish fluid as a defensive mechanism. They are generally uncommon but can 
cause considerable damage. Adults can be up to 60mm long.  

Acalox ptychocarpi and Rhombacus sp 2. - Eriophyid or Erinose Mites 

These mites are not visible to the naked eye, so field identification is based on the large foliar lesions 
caused by hundreds of mites on each leaf. They are also relatively new to science with relatively little 
known about their host range. Acalox ptychocarpi was first described in the 1970’s from a Queensland 
specimen of Corymbia ptychocarpa, with the Rhombacus species yet to be described. Eriophyid mites 
(Figures 13.7 – 9) are generally considered species specific but these two species have been recorded 
together on a number of Corymbia species including C. ficifolia, C. maculata and C. eximia. 

 

 

Figure 13.7 Eriophyid mite damage on the upper surface of a Corymbia ficifolia leaf 

 

Monolepta australis – Monolepta or red-shouldered beetles 

These beetles are orange with a red band across the shoulders and are only 5mm long. However, they 
can be extremely damaging as they feed in swarms, grazing both sides of the leaves and even stems 
when in high numbers. Often observed when orchards such as avocado are in close proximity. A very 
mobile pest that appears and moves on very quickly, often leaving only the damage as evidence of 
their visit.  
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Figure 13.8 Eriophyid mite induced blisters on lower surface of a Corymbia ficifolia leaf  

 

Figure 13.9  Hundreds of Eriophyid mites within a single blister  
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14 Tissue culture of Corymbia maculata 

14.1 Introduction 

Some Corymbia species and selected hybrids can now be propagated clonally by cuttings, and some 
selected clones of C. variegata by tissue culture (Smith et al. 2007); however, propagation success has 
been extremely variable, with nutritional optimisation still to be reported. Consequently, the 
propagation of clonal rootstocks remains a hurdle to the production of grafted Corymbias. 

Our observations indicate that plants remain relatively healthy for two to three weeks on Murashige 
and Skoog, 1962 (MS) based media with the leaves later expressing symptoms of nutritional 
imbalance. This development indicated that there may be a fundamental imbalance of nutrients in the 
media compared to plant requirements. Thus a strategy was embarked upon to alter the media to better 
optimise growth of Corymbia maculata. 

We conducted several preliminary experiments to identify a range of parameters that may be useful. 
These included the addition of activated charcoal and the alteration of starting pH. Preliminary 
experiments indicated that the use of charcoal in media had a beneficial effect on plant health that 
appeared to be related to the presence of roots on plantlets. 

Pan and Van Staden (1998) reviewed the use of activated charcoal in tissue culture and highlighted a 
number of possible causes and effects. These included the provision of a darkened environment, 
adsorption of inhibitory substances such as phenolics, adsorbing and reducing the degradation of 
growth regulators and effectively acting as a buffer adsorbing and releasing nutrients in equilibrium. 
However, despite these observed improvements plants retained a variable level of apparent nutrient 
deficiency. 

Numerous models for medium optimisation have been reported in the literature including iconic work 
by Murashige and Skoog (1962) and the broad spectrum approach of de Fossard et al. (1974). A 
recent change in methodology has been the adoption of foliar nutrient analysis as a means of guiding 
media optimisation, using normal healthy plant concentrations for nursery or field grown plants for 
comparison (de Monteiro et al. 2000; Gribble et al. 2002). The plant model used by de Monteiro et al. 
(2000) was Passiflora edulis (yellow passionfruit) and Gribble et al. used a hybrid eucalypt clone 
(Eucalyptus europhylla x E. grandis). There was a 20 fold difference in iron (Fe) concentration 
between what Gribble reported in her PhD thesis (Gribble, 1999) and the cited paper and hence two 
rates of Fe were trialled as Fe deficiency was considered a possibility.  

The starting pH for many media in the literature is 5.9 largely for historical reasons with the precedent 
set by Murashige and Skoog (1962) presumably associated with observation of precipitation at higher 
pH levels. However, Newell (pers. comm.) has recently observed better growth of a number of 
Australian native plants when using media with pH 7 pre-autoclaving. Similarly, we had observed 
rapid falls of medium pH following plantlet addition for Eriostemon australasius where medium pH 
was observed to fall from 7 to 4.4 within 3 weeks and were concerned what may happen to nutrient 
availability at very low pH. In these experiments it was shown that bromocresol purple is a useful pH 
indicator in tissue culture media, with a progressive colour change over the range 5.2 to 6.8 and low 
toxicity to non-rooted plantlets at concentrations sufficient that the colour change could be observed. 

It must be remembered that not all elements in a tissue culture medium are likely to be available at the 
rates they have been added to media. Similarly element availability is not necessarily likely to follow 
the graphical representations presented in soil textbooks as pH changes. Instead, element availability 
is more likely to follow the chemical equilibrium equations applicable to solutions because such 
equations predict the forms and concentrations of the nutrients in the medium to which plantlets are 
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exposed. To better understand the medium the software programme Geochem® (2010) was used to 
predict the forms and concentrations of elements in solution. Uptake was expected to be a function of 
total concentration in solution including both free and complexed ions rather than free ions alone 
(Bell et al., 2003). 

14.2 Aims 

1) Develop a medium for the culture of Corymbia maculata in vitro by identifying the nutritional 
limitation of current protocols.  

2) Compare the benefits of Fe concentration, activated charcoal addition and starting pH on plant 
health score and dry matter nutrient concentrations with nutrient standards for healthy field grown 
material.  

3) Study the change in medium pH over 6 weeks.  

4) Use the computer programme Geochem® to try to understand the changes in nutrient availability as 
medium pH changes.  

14.3 Method 

Two concentrations of Fe (0.22 mM and 2.2 mM), two rates of activated charcoal (0 and 0.5 g/L) and 
two starting pHs (6 and 7) were combined factorially with 60 mL of media dispensed into each 
500mL jar prior to autoclaving for 20 minutes at 101 kPa and 121ºC. The pH sensitive dye 
Bromocresol Purple was added incompletely factorially to a few jars of each treatment to monitor pH 
changes in the media at a final concentration of 3 ppm (mg/L). 

The basic medium constituents for medium EK are given in Appendix 2. These are modified for each 
medium as follows in Table 14.1. 

Table 14.1 Media designation 

 

 

 

 

 

 

 

 

Seedlings of C. maculata were germinated aseptically and cultured for five generations to generate 
sufficient plant material for this trial. Plantlets were cultured in two cycles prior to the experiment on 
a simple medium similar to EL. Plantlets were collected as 4 to 5cm terminal shoots and randomly 
assigned to each medium. 

Media Normal Fe 
(0.22 mM) 

10 x Fe  
(2.2 mM) 

pH 6 7 6 7 

- Bromocresol purple 
- charcoal EK EI EM EG 

+ charcoal (0.5 g/L) EL EJ EN EH 

+ Bromocresol purple 
- charcoal EK+ EI+ EM+ EG+ 

+ charcoal (0.5 g/L) EL+ EJ+ EN+ EH+ 
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14.3.1 Replication 

All jars were randomised in a laboratory under cool white fluorescent lights with a photoperiod of 16 
h light/ 8 h dark, a light intensity of 50 ±10 micromoles/s/m2 and a temperature regime of 25 ±2 ºC 
and grown for 6 weeks. The level of replication is shown in Table 14.2. 

Table 14.2 Replication for each medium 

14.3.3 Assessment 

At the beginning, during and end of the experiment plants were visually ranked for overall size in 
combination with visual symptoms of plant health as well as being assessed for root development. 
Plantlets were ranked into five classes of roughly even proportion with class one plants being the 
largest and healthiest. An analysis of variance was carried out on fresh weight and class allocation. 

At the end of the experiment the leaf and stem above the agar was harvested and weighed prior to 
oven drying at 65 ±2oC for 24 h. Dry weights were recorded and then samples were pooled and 
ground for nutrient analysis. 

Dried samples were analysed by Waite Analytical Services using radial view inductively coupled 
plasma - optical emission spectrometry (ICP-OES) following acid digestion. The elements Fe, Mn, B, 
Cu, Zn, S, Ca, Mg, P, K, Na, Mo, Co, Ni, Cd, Al, Pb, & Se were analysed but some were below the 
detection limit of the instrument. Total N was analysed by combustion-gas chromatography, and 
chloride by axial view ICP-OES. 

The remaining agar in each jar was melted, stirred to ensure uniform distribution, and allowed to cool 
prior to measuring pH. 

14.3.4 Estimation of element availability 

All media macro- and micro- salt components for the two base cases of normal Fe (0.22 mM) and the 
ten times Fe rate (2.2 mM) were entered into the ion speciation software package Geochem®, and 
different cases run for pH’s from 4.0 to 7.5 with solid precipitates allowed assuming the medium 
behaves as a simple solution. The effect of activated charcoal, sucrose and agar could not be taken 
into account, nor the other organic additives. 

The program reports the proportions of ions present as free metals, bound in complexes by ligands and 
(solid) precipitates. Both free and complexed ions are believed to be plant available and thus have 
been combined to give percentage available ions. 

14.4 Results 

14.4.1 Evaluating visual rank assessment 

In order to check the qualitative evaluation of growth, the relation between ranking and fresh weight 
was checked (Figure 14.1). The relation between fresh weight and the different classes was linear with 
an ANOVA of fresh weight with various classes shows a significantly difference between classes (P = 
4.0009e-14). 

Media EG EH EI EJ EK EL EM EN EG+ EH+ EI+ EJ+ EK+ EL+ EM+ EN+ 

Reps 18 19 19 19 19 19 19 19 4 3 4 4 4 4 5 4 
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Figure 14.1 Fresh weights of plantlet tops ranked by class 

For both fresh weight and class, a significant difference between media (P = 0.0014 and 2.2e-16) was 
shown. More statistical differences exist using class as an indicator because it also takes visible 
nutrient problems and plant health into account as well as overall plant growth. All media at the 
normal Fe rate (0.22 mM) were significantly better than those at the high rate (2.2 mM). 

14.4.2 Plant ranking and weights 

Figure 14.2 clearly shows this difference in treatment effect of Fe level (p= 8.685e-16) with the 
average class score for all high Fe treatments above 3.9 and those with normal Fe below 2.5. Average 
scores for treatments with Bromocresol added did not differ significantly from those without and have 
been pooled together.  

The addition of charcoal to media stimulated growth (P = 0.0167). This effect can be seen in Figure 
14.3 which shows media EK and EL, both of which contain the normal Fe rate and start at pH 6.0 pre-
autoclaving. The jars with media that appears yellow/orange in colour in Figure 14.3a) have the pH 
indicator bromocresol purple added to the medium. The colour indicates that the pH of the medium 
has fallen below pH 5.2.
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Figure 14.2  Average class scores for each medium 
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a) Medium EK at day 50,  

 

 

b) medium EL at day 50 

 

Figure 14.3 Comparison of plantlets after 50 days ± activated charcoal 0.5%  
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The benefit of charcoal can be attributed in part to the very high ranks of plantlets that had roots in 
these treatments. Charcoal permitted root growth (26% in media EJ and 25% in media EL). This 
effect was not observed in the high Fe content media due to the toxicity of this level of Fe. This 
suggests that roots which often grow in culture at the expense of shoots increase plantlet ability to 
take up nutrients and grow. 

Using fresh weight as the key measure only iron concentration showed a highly significant effect 
(P = 3.417e -06). The high iron concentration was toxic for plantlets and this can be seen in Table 
14.3 which highlights the reduction in average fresh weight of all plantlets at each iron concentration.  

Table 14.3 Average fresh weight of plantlet tops after 7 weeks 

Iron concentration 
 in media 0.22 mM 2.2 mM 

Fresh weight 
mean (g) 0.214 0.118 

Plantlets 78 82 

 

14.4.3 Nutrient analysis 

The nutrient analyses and data for apparently healthy material (Dell and Robinson, 1993), are 
presented in Table 14.4. The nutrient standards from the original paper cited are presented as the data 
for some nutrients in the tabulation by Boardman et al. (p.529), in Reuter and Robinson (1997) have a 
10-fold error.  

Based on the nutrient data alone there remains a number of nutrient imbalances with these media. The 
approach clearly suggests the need to reduce the rates of  manganese (Mn), iron (Fe), calcium (Ca) 
and phosphorus (P). Iron levels are also high but leaf symptoms exhibited by older tissue cultures look 
remarkably like Fe deficiency. The suspicion is that the apparent deficiency symptom is induced by 
molybdenum (Mo) toxicity. When plantlets were exposed to the high rate of Fe it led to severe leaf 
necrosis, leaf drop and even plant death confirming the data rather than the visual symptoms. This 
suggests that a toxic level of Mn may be inducing a visual symptom like that of classical Fe 
deficiency. 
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Table 14.4 Nutrient analysis of tissue culture samples compared with field samples and ‘adequate*’ nutrient standards 

      Medium         
Fe mM 0.22 0.22 0.22 0.22 0.22 0.22 2.2 2.2 2.2 2.2    
pH  6 7 6 7 6 7 6 7 6 7    

Charcoal g/L 0 0 0.5 0.5 0.5 0.5 0 0 0.5 0.5       

   
EK EI EL EJ EL 

ROOTED 
EJ 

ROOTED EM EG EN EH FIELD  
ADEQUATE       

RANGE                   
MIN    MAX 

Element Shoot  concentration 
 

N mg/kg 19,817 20,771 21,255 23,397 38,355 32,183 19,751 20,687 21,875 23,361 15,783 17,000 26,000 
P mg/kg 2,800 2,800 2,800 2,200 8,100 6,300 2,400 2,700 3,600 3,800 2,900 1,000 2,600 
K mg/kg 13,300 14,000 12,200 13,700 22,000 16,500 15,500 14,400 14,100 13,700 7,500 10,000 17,000 
S mg/kg 2,300 2,400 2,200 2,300 3,000 3,000 2,400 2,400 2,700 2,900 1,190 1,800 4,200 

Ca mg/kg 7,700 8,200 7,100 6,700 8,200 8,900 6,900 9,000 8,600 9,800 9,950 2,900 4,000 
Mg mg/kg 1,650 1,700 1,590 1,620 2,000 2,200 1,480 1,590 1,500 1,510 2,025 900 2,400 
Cu mg/kg 2 2 2 2 3 2 2 2 2 2 6 6 12 
Zn mg/kg 42 31 41 32 60 47 40 37 47 39 62 12 54 
Mn mg/kg 490 470 420 420 560 630 630 570 550 520 151 12 54 
Fe mg/kg 113 96 80 68 184 113 430 410 550 570 28 39 50 

Mo mg/kg 5.2 6.3 4.5 5.8 5.2 5.2 9.0 6.6 8.3 8.4 <0.8 NA NA 
Co mg/kg < 0.8 < 0.7 < 0.7 < 0.8 < 1 < 1 < 1 < 0.7 < 0.7 < 0.7 < 0.7 NA NA 
B mg/kg 53 48 49 50 70 60 46 38 47 44 17 NA NA 
Al mg/kg 1.4 0.9 0.9 0.8 2.7 1.3 0.9 1.4 1.8 1.4 30 NA NA 
Na mg/kg 800 1,390 790 1,410 890 1,820 940 1,440 1,390 1,610 1,510 NA NA 
Cl mg/kg 4,746 4,921 4,883 4,755 NA NA 4,411 4,842 3,972 3,367 3,332 NA NA 

 

 * According to Dell and Robinson, 1993.
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An imbalance of the ratio of nitrogen (N):P may also be involved in the chlorosis problem. A ratio of 
15:1 is found to be close to optimal for most Eucalypt species (Judd, 1996). In these tissue cultures 
the ratio is in the order 5:1 to 8:1. The imbalance in N:P may exacerbate the effect of high P on the 
availability of minor elements.  

Sulphur levels are at the low end of the adequate range and symptoms of interveinal yellowing may 
partially reflect a sulphur deficiency as expressed in Eucalyptus globulus but an insufficient 
knowledge of deficiency symptoms in this species means visual analysis is very difficult. Although 
copper (Cu) levels are marginal, no typical symptoms of shoot tip malformation normally observed in 
eucalypts with Cu deficiency have been expressed.  

The ratio of elements present in the plantlet shoots (mg/kg dry matter), for plantlets with or without 
roots grown on media EJ to the amount present in the medium EJ (mg/L)is given in table 14.5. It can 
be clearly seen that for plantlets without roots Cu uptake is significantly greater than all other 
elements with a value of 304.9, followed by P, sodium (Na) and N as those with the highest relative 
levels of uptake, all having a ratio greater than 80. In contrast Ca, magnesium (Mg), sulfur (S), Zn and 
Fe all have relative uptake values less than 25 with Fe having a value less than 10. At these rates 
approximately half the Cu available in the medium is taken up by the plant material and is suspected 
to be limiting. 

The table clearly shows that un-rooted plantlets don’t take up nutrients equally from tissue culture 
medium despite their lack of roots. Either the plantlet stem is able to selectively uptake nutrients 
and/or major differences in rate of transfer of nutrients through the semi-solid medium exist. The 
presence of roots has increased the proportional uptake of all elements as a fraction of dry matter 
studied with the exception of Cu and Mo, highlighting the ability of roots to extract nutrients from the 
medium. Phosphorus shows the most significant increase in uptake with almost a 3 fold increase in 
total P present in the tops of plantlets with roots. As can be seen from the levels in Table 14.4 these 
rates are relatively unaffected by either adding charcoal or increasing the pH from 6 to 7. Referring to 
table 14.4 it can be seen increasing the level of Fe 10 fold sees a further reduction in the efficiency of 
Fe uptake despite increasing Fe content 3 fold. 

Table 14.5 Rate of element accumulation (mg/kg element in dry matter divided by mg/L in 
medium) in plantlets on medium EJ (with or without roots) 

  EJ EJ with roots 
Cu 304.9 237.3 
P 119.2 341.2 

Na 102.9 132.8 
N 83.4 114.7 

Mn 76.5 114.7 
Co 64.6 80.8 
Mo 58.1 52.9 
K 58.1 69.9 
B 46.1 55.4 
Cl 44.8 NA 
Ca 22.3 29.6 
Mg 22.2 30.1 
S 17.9 23.4 

Zn 16.4 24.0 
Fe 5.6 9.3 
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14.4.4 Media pH 

Preliminary checks of control (plant free) jars saw pH drop less than 0.2 pH units upon autoclaving 
with minimal further movement over the next 6 weeks. Thus most if not all of the observed effects are 
directly related to plant action. In many cases this can be seen in the jars with the addition of 
Bromocresol Purple, where the medium pH around the base of the plantlet stem can be seen to 
commence changing colour within a week and the pH change gradually diffusing through the rest of 
the medium. Such a change can be easily demonstrated by the addition of a single drop of acid to 
Bromocresol Purple medium indicating that diffusion through the semi-solid medium taking two to 
three days to reach an apparent equilibrium. 

From Table 14.6 it can be seen that the pH of all media regardless of the starting pH have been 
lowered dramatically during the six week period. Thus calculations of a nutrient’s availability in 
media should be based on the expected pH range expected by the plantlet rather than starting pH 
alone. 

Table 14.6 Average final pH of media after 6 weeks of growth of a single Corymbia maculata 
plantlet per jar containing 60mL medium 

Without roots   
  Starting pH 
  6 7 
Normal Fe -charcoal 4.2 ± 0.1 5 ± 0.2 
Normal Fe +charcoal 4.1 ± 0.3 4.9 ± 0.5 
10 x Fe - charcoal 4 ± 0.1 4.2 ± 0.1 
10 x Fe + charcoal 4.2 ± 0.1 4.4 ± 0.1 
   
With roots   
  Starting pH 
  6 7 
Normal Fe +charcoal 3.6 ± 0.6 4.5 ± 0.5 

 

For media with the normal concentration of Fe the final pH of media is strongly tied to starting pH. 
With the different pH starting points maintaining a differential in the order of 0.85 units. The presence 
of roots in jars of each of the two normal Fe rate treatments with charcoal has brought the media pH 
down a further 0.5 of a pH unit respectively. This appears to be a combination of the roots ability to 
extract nutrients more efficiently with the release of organic acid exudates by the roots as part of 
natural processes. The addition of 0.5g/L charcoal alone appears to have little effect on pH. 

 In contrast increasing Fe 10-fold has reduced the effect of starting pH reducing the final gap in pH in 
all high Fe treatments to 0.2 of a pH unit. Although extra Fe is taken up by these plants this is not 
sufficient to explain the pH difference.  

14.4.4 Geochem assessment 

Although the availability of each element or ligand in their free form varied markedly both between 
elements and over the pH range for each, true plant availability, the sum of percentages in either the 
free or complexed forms, were much more consistent. All elements and ligands with the exception of 
Ca, Fe(III) and phosphate were 100% available across the whole ph range of 4 to 7.5 tested in the 
model for either the normal Fe rate (0.22 mM) or the ten fold Fe rate (2.2 mM). The true percentage 
availability of these three nutrients is plotted in Figures 14.4 and 14.5. 



 

 124 

Of particular interest, a proportion of Fe was deemed to precipitate across the whole pH range either 
as the phosphate salt at low pH or as the hydroxide once the pH rose above 6. Iron availability drops 
dramatically with increasing pH. At pH 6, 77 and 95% of applied iron at the 0.22 mM and 2.2 mM 
rates are available respectively but at pH 7 only 28% and 61% are available. These results although 
perhaps surprising are in line with those for traditional MS medium which after assuming oxidation of 
Fe(II) to Fe(III) in solution follows a similar curve with Fe availability dropping to 54% at pH 6 and 
10% by pH 7. Even at the traditional MS medium pH the model indicates Fe availability has dropped 
below 59%. In the unlikely event that the Fe stayed in the (II) oxidation state during autoclaving only 
93% would still be available at pH 5.9. 

Similarly the concentration of available phosphate follows a similar curve, with 92% and 81% being 
available at the 0.22 mM and 2.2 mM Fe rates respectively at pH 6.0, whereas at pH 7 only 6% and 
7% are available. Only as the pH approached 4.0 did phosphate ever approach 100% availability. 

 In contrast, Ca at this concentration remains in solution and only begins to precipitate as the 
phosphate salt above pH 6 falling to 89% availability in both scenarios at pH 7 largely independent of 
Fe and EDTA concentration. 

Precipitation of salts in an agar based medium is presumed to occur as very fine precipitates that are 
readily re-dissolved as conditions become favourable such as decreased pH or the reduction in media 
concentration through plant removal. However, increasing concentrations of salts in media are 
expected to occur over time as media dry out in incompletely sealed systems and precipitation may be 
expected to increase. 

During modelling it was observed that the proportion of Fe precipitating across the pH range could be 
reduced by increasing the content of ethylene di-amine tetra-acetic acid (EDTA) through the use of 
the sodium salt Na2EDTA. By increasing the EDTA content to 1.5 times that of Fe, all of the Fe can 
be kept in solution up to pH 6.5 even in the fully oxidised Fe (III) state. Similarly increasing the 
EDTA content to 2.5 times that of Fe can keep the Fe fully in solution up to pH 7.0. Interestingly, 
despite not precipitating until a much higher pH the Ca requires much more EDTA to keep it in 
solution due to its much higher concentration and a required ratio of EDTA to Ca approaching 1:1. 
This requires an increase in the level of EDTA in the order of 25, 40 and 50 times required to keep all 
the Ca in solution up to pH’s of 6.5, 7.0 and 7.5 respectively. It is uncertain whether or not this could 
be achieved without potential phytotoxic effects even if NA2EDTA was replaced with the acid form 
and potassium (K) adjusted to the hydroxide to restore pH. The simpler suggestion is to use the 
smaller EDTA increase and a starting pH around 6.0. 

14.5 Discussion 

The approach of Gribble (1999) has been adopted to suggest a medium more suited to the culture of 
Corymbia maculata. The medium developed for the culture of the Eucalyptus grandis x E. europhylla 
hybrid clearly needs further refinement for Corymbia maculata and two proposed alternative media 
are suggested below. The main features of these new media (Table 14.7) are a very large 17-fold 
reduction in Mn due to its apparent toxicity, a halving of both Ca and Fe content along with a 1.5 fold 
increase in EDTA and doubling of Cu. Mo has also been greatly reduced although not expected to 
have been impacting seriously on plant health. A halving in the content of P which will also help 
minimise the increase in total sodium following the increase in EDTA using disodium EDTA. The 
new media are proposed to be made at pH 6.0 to ensure a continuous uniform availability of all 
elements in solution. 
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Figure 14.4 Availability of three major ligands in media EI to EL as affected by pH at normal Fe 
concentrations as modelled using Geochem® 
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Figure 14.5 Availability of three major ligands in media EI to EL as affected by pH at 10x Fe  
concentrations as modelled using Geochem® 
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Table 14.7 shows the difference in ion concentrations between traditional Murashige and Skoog 
(1962), the normal rate of Fe media group used in this experiment representing EI, EJ, EK and EL) 
and two proposed new media (recipes documented in Appendix 3) as a result of this experiment. 
These media are not expected to be optimised, but a much better approximation of optimised media 
with refinement through further leaf analysis and medium modification is expected to occur. 

Interestingly, the proposed new media have each of N, P and K at a third the rate of traditional MS 
medium, elevated Ca, Mg, S and Cu levels whilst halving boron and greatly reducing Mn and Mo. 
Thus N, P and K retain their standard ratios but other ratios such as P to Fe and Zn to Mn are greatly 
altered.  

In new medium 1 and 2 sodium is slightly elevated as a function of increasing EDTA to ensure 
uniform ion availability across all pH’s up to 6.5. In medium 2, sodium is greatly increased to allow 
an increase in the ratio of nitrate to ammonium without altering the availability of other nutrients by 
using sodium nitrate. This lifts sodium up to a near toxic level and it is unclear whether or not this 
medium can be safely used. The reason for making this shift in nitrate: ammonium ratio is to try and 
reduce the extreme pH shift in the media.  

Medium acidification is largely driven by differential uptake of anions and cations with the plantlet 
exchanging hydronium (H3O+) ions for cations taken up in excess to the anions. Calculation of ion 
balance indicates that the major driver in medium pH change is the form of uptake of N. Nitrogen 
uptake as ammonium will drive the medium pH down and uptake of N as nitrate will lift pH. Despite a 
lack of roots, it appears that the Corymbia maculata plantlets do not take up ammonium and nitrate in 
ratio but have a distinct and almost total preference for ammonium. This follows the trend for a 
number of eucalypts including, Eucalyptus nitens and E. regnans which have a distinct preference for 
N as ammonium (Garnett and Smethurst, 1999, Warren, 2009). 

This trend for large pH change is the main driver for the presentation of two new alternate media. The 
first takes into account purely the balance of elements present in the dry matter in relation to target or 
‘ideal’ concentrations. In adjusting the balance of elements along these lines it has been convenient to 
use ammonium nitrate to help balance total N without adversely impacting the concentration of other 
essential elements. However this has led to a doubling of the proportion of ammonium in the media 
and is thus expected to drive the pH down even further. As an alternate view of the ideal situation 
medium 2 has been created in an aim of stabilising media pH. Lowering the ammonium concentration 
to 1 mM, whilst maintaining the combined ammonium and nitrate content at 20 mM, is expected to 
stabilise pH during culture by readdressing the ion balance of nutrients taken up by the plantlets. 
Unfortunately this has come at the cost of slightly reducing S and dramatically increasing Na. 

It is uncertain whether or not this concentration of sodium is toxic to Corymbia maculata or whether 
other modifications may need to be made. 

The experimental data shows that lifting pH of media EI to EL tends to drive P, Fe, and Ca to 
precipitate out of solution, significantly altering the ion concentrations received by the plantlets from 
what has been nominally added in the medium. However, natural medium acidification by the 
plantlets rapidly reduces the pH at the base of the stem, thus restoring nutrient availability within a 
few days. In contrast, new media 1 and 2 are completely soluble at pH values up to 6.5 thus avoiding 
any nutrient shock over time. 



 

 127 

Table 14.7 Comparison of individual ion concentration between Murashige and Skoog  
media (1962), the nutrients in media EI-EL and two proposed new media 
 

  MS* 
Media EI-

EL 

Proposed 
new 

medium 1 

Proposed 
new 

medium 2 
Element 

concentration! mM mM mM mM 
N as NH4

+ 
20.6 2.0 4.2 1.0 

N as NO3
- 

39.4 18.0 15.8 19.0 
Total N 60.0 20.0 20.0 20.0 

K 20 6 6 6 
P 

1.2 0.6 0.3 0.3 
Ca 3.0 7.5 3.8 3.8 
Mg 1.5 3.0 3.0 3.0 
S 1.5 4.0 4.0 3.0 

Na 0.2 0.8 0.8 5.2 
Cl 6.0 3.0 0.0001 0.0001 
Fe 0.10 0.22 0.11 0.11 

EDTA 0.11 0.22 0.33 0.33 
 μM μM μM μM 

B 100 100 50 50 
Mn 100 100 6 6 
Zn 30 30 30 30 
I 5 5 5 5 

Mo 1.0 1.0 0.04 0.04 
Cu 0.10 0.10 0.20 0.20 
Co 0.11 0.11 0.11 0.11 

* Element concentration of standard media based on Murashige and Skoog (1962) 

Despite the presence of more BAP in media than IBA a quarter of plantlets on the normal Fe rate 
charcoal media EL and EJ grew roots. This phenomenon had been observed in previous trials and is 
clearly associated with the presence of activated charcoal. This effect of activated charcoal has 
variously been ascribed to either the provision of a dark environment, binding of plant growth 
regulators to the charcoal or removal of organic toxins antagonistic to root production (Pan and van 
Staden, 1998). De Fossard et al. (1978) separately indicate that rooting of Corymbia ficifolia in vitro 
is substantially increased by the use of a dark incubation phase indicating that medium darkening may 
be a key factor. 

It is uncertain how much effect the presence of sucrose, agar, charcoal and other minor organic 
additives have on the behaviour of Fe speciation but it is suspected that media follow the behaviour of 
simple solutions to a large degree especially as the medium is in a liquid state for a long period 
through both the initial preparation and the autoclaving process prior to setting.  

Of particular note the agar medium system is a very unstable system with rapid pH changes and 
differential nutrient uptake leading to dramatic changes in nutrient availability during the duration of a 
single culture period. Modification of media to reduce these effects should be beneficial. 

Given a general desire to maintain pH in the range 5-6.5 using a starting pH of 7 appears to have an 
obvious benefit in achieving the target pH range during the culture period. However, assessment using 
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the Geochem® speciation model suggests that maintaining a high pH could be deleterious and 
potentially lead to uneven mixing of components during the preparation stage due to precipitation. As 
no aluminium (Al) is added to the system it is unlikely that Al toxicity will result from low medium 
pH. However, the proposed two media suggested may help further elucidate the potential benefit of 
maintaining a stable pH in the tissue culture environment.  
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15 General discussion 
An extensive study was conducted to investigate the opportunities for grafted wildflowers using new 
and current methods. Either to introduce new product lines, provide an alternative for hard to 
propagate lines or make the cultivation of current lines easier. The specific results of these activities 
have been discussed in the preceding chapters. 

A review of current graft combinations was undertaken and potential new or replacement products 
were identified and offered to participating growers. An open expression of interest was placed in the 
national media to elicit interest and potential collaboration from growers. Collaborators were selected 
from across the country. 

The results of testing a diverse range of graft combinations at a range of sites was evaluated and 
discussed. From these findings the species tested can be divided into those that have:  

1) Commercial feasibility 

 Corymbia ficifolia grafted on C. maculata and hybrids 

Pimelea physodes grafted on P. ligustrina 

2) Commercial viability in a restricted range of climatic conditions 

Boronia heterophylla and hybrids grafted on B. clavata 

Darwinia leiostyla, D. Macrostegia, D. Meeboldii and D. oxylepis grafted on D. citriodora 

Eremophila nivea grafted on Myoporum montanum 

Regelia velutina grafted on Regelia ciliata 

3) Commercial feasibility but face key limitations 

Chamelaucium uncinatum hybrids grafted on C. uncinatum or  

4) Low commercial viability 

Boronia purdieana grafted on B. clavata 

Geleznowia verrucosa grafted on C. glabra Red 

Verticordia monadelpha var. callitricha grafted on D. citriodora 

5) Require further testing 

Banksia spp. preferably on B. integrifolia or B. serrata but combinations need to be clarified 

Eremophila spp. on Myoporum spp. 

Pimelea nivea on P. ligustrina 

Pimelea spectabilis on P. ferruginea interstock on P. ligustrina  

Verticordia grandis on C. uncinatum  
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On-farm testing of grafted wildflowers highlighted the range of factors that affect the success or 
failure of a plant selection. Notably, plantation management decisions often have a much greater 
impact on success or failure than the general climate information. Thus mapping of general climate 
suitability was not performed but key factors affecting grower decisions were discussed in the relevant 
sections. 

This project has shown that there is rarely a one size fits all solution and the need to undertake local 
site testing. Furthermore, this project has helped to highlight the ingenuity of Australian flower 
growers, both in identifying different markets for product and growing management options to ensure 
a commercial return for product when plants performed differently. 

In most cases at least one new additional crop was added to the product range of each grower. The 
findings of this report will assist industry to adopt this information and use it for further development.  

Future research opportunities 

This project has highlighted three key areas where further research would be of benefit. These 
include: 

1) the identification of compatible clonal rootstocks for Corymbia in particular, and also for 
Banksia; 

2) trialling of Pimelea physodes rootstocks, including screening for disease resistance, and; 

3) opportunities for Eremophila and Verticordia in more arid regions, possibly using different 
rootstocks. 
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16 Implications 
The major implication for industry from this project was to demonstrate that specific opportunities for 
grafted wildflowers exist to be grown economically on farms providing growers a greater crop choice. 
However, each crop or combination needs to be judged on its own merits for each specific enterprise 
and no single crop will be suitable to all areas or enterprises. Growers are provided with a concise list 
of the major current native flower crops that are available as grafted plants, their strengths and 
weaknesses. 

The identification of reduced annual plant loss as a major factor in maximising economic benefit of 
the use of grafted species highlights the need for identification of locally suitable rootstock where a 
known survival problem exists. This also highlights the importance of planting stock quality in 
maximising economic benefit as well as highlighting the need for appropriate plant support. The 
additional up-front capital costs of grafted plants generally require a longer payback period unless the 
time from planting to harvestable yield is significantly shortened. Thus a grafted plant is often 
required to survive and be productive for longer.     

The identification of proven graft combinations provides a strong base from which to develop these 
crops further as no single combination will be suitable for all situations. Observations of known 
compatibility groupings also facilitate the development of new combinations. 

Recordings of known flowering times of species from their natural habitat in combination with data 
from field sites helps growers identify the likely timing of flowering of a species on their farm, 
helping them decide whether or not a species may fit into their labour availability schedule. 

Growing grafted plant combinations in new areas means the risk of hitherto unknown plant/ pest or 
disease combinations, the continual identification of which requires the identification or development 
of new control measures. 

A clearer idea of the nutritional needs of Corymbia maculata in vitro provides a better idea of the 
nutrient requirement for this species both in vitro and potentially in alternate known nutrient delivery 
propagation systems such as hydroponics which are used as substrates for growing stock plants for 
cutting production.  
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17 Recommendations  
A wide range of grafted cut flower species has been tested under this project. Two key genera have 
been identified as being of high priority for future research. These are Pimelea and Corymbia. 

Pimelea physodes in particular provides a high value, low volume sought after product in late winter – 
early spring at a time highly desirable for flower growers. It is relatively easy to graft and is 
compatible with a number of species. However, further work is required in the identification of 
disease tolerance of different rootstocks under different soil and climatic conditions, collection and 
testing of a greater range of forms and research on the cultivation of this species in alternative 
production systems such as in greenhouses with the use of ultraviolet light to ensure colour 
development. The role of nutrition, particularly calcium, is thought to be required to maximise 
postharvest life. Pimelea spectabilis has also proven to have cut flower potential with a satisfactory 
vase life and moderate yields, whilst Pimelea nivea makes an excellent cut foliage with contrasting 
concolorous foliage and vase life of 14 days.  

Corymbia ficifolia and Corymbia hybrids have a market in both the landscape and cut product 
markets. In the cut market it can be sold as bud, flower or nut and there are distinct advantages of 
each. Despite being a product that is quite bulky and relatively short vase life this cut flower has 
cornered a reasonably large market, particularly in Sydney. A lot more work needs to be done on 
optimising postharvest life through plant nutrition and optimum timing of harvest. Secondly, the lack 
of successful clonal rootstocks is a significant problem for propagators, growers and researchers. 
Largely due to variable growth rates in many instances as well as moderate levels of delayed 
incompatibility often in the order of 10-20% which has the potential to seriously affect profit margins   

Three genera, Darwinia, Eremophila and Verticordia are deemed to have greater potential than 
indicated by this project. Preliminary evidence suggests further breeding and selection of Darwinia 
would be of value for growers in wetter cooler areas particularly of Victoria. Similarly, as most of the 
sites were in relatively high rainfall zones, Botrytis problems associated with high humidity failed to 
allow these genera to reach there full potential. It is believed cultivation on drier sites with available 
supplementary irrigation would see them reach their potential. 

Eremophila nivea demonstrated an ability to grow rapidly forming large dense bushes and yield 
quickly under good conditions but Botrytis needs to be well controlled. With a range of colour forms 
available and similar species such as the deep-purple flowered E. muelleriana I believe a strong 
market opportunity exists.   

 It is recommended that further research and development is undertaken in each of these areas to 
maximise the potential benefit to the Australian industry. 

With the development of these species it is suggested that a thorough evaluation of the pest and 
disease combinations identified in cultivation is completed. 

Grower recommendations are presented in the Results and Discussion and Implications sections of 
this report and relate to specific individual growing conditions and their interaction with the local 
environment. However, over and above this one fact has been verified. Individual grower trials are 
recommended on each site before large scale plantings are commenced as site specific conditions and 
management factors are critical in determining the appropriateness of any crop or even line for a 
particular situation. 
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18 Appendices 

Appendix 1 Perceived grafting priorities of known combinations at project commencement 

Priority Scion Reason 
  Genus Species   
1 Boronia heterophylla Root disease 
1 Geleznowia verrucosa Root disease, vigour 
1 Pimelea physodes Root disease, vigour, propagation 
1 Verticordia grandis Root disease, vigour 
2 Boronia purdieana Root disease, vigour 
2 Eremophila nivea Vigour 
2 Corymbia ficifolia Clonal propagation, root disease 
2 Regelia velutina Root disease, vigour 
2 Chamelaucium hybrids Root disease, vigour 
3 Banksia praemorsa Test species, clonal propagation 
3 Boronia  megastigma Root disease, vigour 
3 Chamelaucium hybrids Root disease, vigour 
3 Darwinia selections Yield, vigour 
3 Pimelea spectabilis Root disease, vigour 
3 Verticordia monadelpha var. callitricha Root disease, vigour 
    

Priority rankings    
1- Project must do's    
2- Project should do's    
3- Project maybe's    
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Appendix 2 Basic media constituents of modified Gribble tissue 
culture medium 

INGREDIENT M.W. GRIBBLE 
MEM 

GRIBBLE 
MEM 

Media   
EI-EL 

Media   
EI-EL 

Macronutrients    mg/L mM mg/L mM 
(NH4)2SO4 132.14 132 1.0 132 1.0 

KNO3 101.10 637 6.3 610 6.0 
CaCl2.2H2O 147.02 220 1.5 220 1.5 

Ca(NO3)2.4H2O 236.16 1416 6.0 1416 6.0 
NaH2PO4.2H2O 156.00 93 0.6 93 0.6 
MgSO4.7H2O 246.47 550 2.2 740 3.0 

Micronutrients           
H3BO3 61.83 9.3 150 6.2 100 

MnSO4.H2O* 169.01 16.9 100 16.9 100 
ZnSO4.7H2O 287.60 11.5 40 8.6 30 

KI 166.00 0.83 5 0.83 5 
Na2MoO4.2H2O 241.95 0.25 1.0 0.25 1.0 

CuSO4.5H2O 249.68 0.025 0.10 0.025 0.10 
CoCl2.6H2O 237.95 0.025 0.11 0.025 0.11 

Iron      
NaFeEDTA 367.10 43 0.12 80 0.22 

Organics           
Myo-inositol 180.16     10 0.055 

Glycine 75.07     0.2 0.003 
Nicotinic acid 123.11     0.05 4.1E-4 

Pyridoxine HCl 205.64     0.05 2.4E-4 
Thiamine HCl 337.27     0.01 2.96E-5 

Growth 
regulators   mg/L µM mg/L µM 

BAP 225.26 0.045 0.2 0.0225 0.1 
IBA 203.23     0.0406 0.2 

   g/L   g/L   
Sucrose 342.3 20.55 60.0 30 87.6 

Charcoal        0 or 
0.5g/L   

Agar   6.5   8   
pH   5.8   6 or 7  
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Appendix 3 Proposed new Corymbia maculata medium  

 New medium 1 New medium 2 
Chemical Rate mg/L Rate mg/L 
(NH4)2SO4 132 0 
KNO3 610 610 
NH4NO3 175 175 
Ca(NO3)2.4H2O 900 900 
NaH2PO4.2H2O 46.5 46.5 
MgSO4.7H2O 740 740 
NaNO3 0 370 
NaFeEDTA 40 40 
Na2EDTA 74.7 74.7 
H3BO3 3.1 3.1 
MnSO4.H20 1 1 
ZnSO4.7H2O 8.6 8.6 
KI 0.83 0.83 
Na2MoO4.2H2O 0.01 0.01 
CuSO4.5H2O 0.05 0.05 
CoCl2.6H2O 0.025 0.025 

Organics   

Myo-inositol 10 10 
Glycine 0.2 0.2 
Nicotinic acid 0.05 0.05 
Pyridoxine HCl 0.05 0.05 
Thiamine HCl 0.01 0.01 
   
Benzyl amino-purine (BAP) 0.5µM 0.5µM 
Indole butyric acid (IBA) 0.2µM 0.2µM 
   
Sucrose 20g/L 20g/L 
Agar 8g/L 8g/L 
pH 6.0 6.0 
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Appendix 4 Commonwealth Bureau of Metereology Climate zones* 
based on temperature and humidity  

 

*Bureau of Meteorology (2003)
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19 Glossary      

adventitious appearing in an unusual position, not apical nor axillary (of shoots or roots)  

clone   genetically identical, propagated vegetatively to ensure uniform genetic makeup 

graft  where the scion meets the stock, or the act of joining two plants together  

heterogeneous having widely unlike constituents 

interstock an intermediate piece of plant material usually used to graft two incompatible plants 

polyembrony the development of several embryos within one ovule 

rind  all the tissue external to the woody core of the stem 

rootstock root-bearing part of a graft combination onto which a scion is grafted 

scion  part of a graft combination that becomes the branches, leaves and flowers 

tops  part of the plant above agar surface not including callus or roots 

topworking re-working an established plant in the field after pruning back to the main limbs 
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