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A survey conducted in south east Queensland (Qld.) and north eastern New 

South Wales (NSW) showed that Davidsonia species were highly popular as 

a bushfood in the study region. Wild harvests of many native fruits had been 

common to meet the demands for large number of products such as jams, 

sauces, conserves, vinegar, wines and liqueurs being developed for 

increasing number of local and overseas markets. Davidsonia jerseyana and 

D. johnsonii are listed as rare and endangered species.  Small cultivations 

have gradually developed without much selection and breeding or 

horticultural research being done on these fruit species. Seed is the main 

method of propagation for tall D. pruriens with large hairy fruits and the 

shorter heavy fruiting D. jerseyana with smaller and less hairy fruits.  

However, cuttings or suckers of seedless D. johnsonii obtained from few wild 

populations have been used to establish small populations in polycultures. As 

demands for fruits and trees for ornamental purposes increased, the need for 

cultivation of selected genotypes and potential hybrids has become 

inevitable. Application of modern techniques in micropropagation, genetic 

studies and breeding of elite genotypes to establish plantations with high 

quality fruits and high yields would be greatly beneficial in meeting the supply 

and demand of a sustainable bushfood industry.  

 

Callus induction experiments using in vitro, glass house and field material 

(leaves) produced friable callus in all three species, but only D. pruriens and 

D. jerseyana produced organogenic shoots. Adventitious shoots could not be 

obtained from D. johnsonii. Despite using several cytokinin and auxin 

treatments, embryogenesis was not achieved in any of the three species. 

Regeneration and multiplication study of D. pruriens and D. jerseyana was 

ultimately focused towards organogenesis pathways.  

 

A combination of 1.0 µM BA and 1.0 µM GA3 in MS medium produced 

optimum shoot growth in D. pruriens. Juvenile and mature tissues were used 

because of difficulty in decontamination of mature explants with very hairy 

leaves, thick stems and apical buds especially for D. pruriens. A higher 
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multiplication rate was achieved in D. jerseyana with optimum response on 

0.01 µM 2iP and 0.01 µm GA3 in MS producing thin and tall shoots with 

multiple nodes. Exposure to higher GA3 concentration inhibited the root 

development in both species. Root induction was achieved by 32.2 µM IBA 

exposure for 8-9 days in D. pruriens before transfer onto rooting medium (½ 

strength MS macro and micronutrients containing 10 µM riboflavin). Best 

roots in D. jerseyana were produced after 2-3 days exposure to 32.2 µM IBA. 

Residual effects of exogenous cytokinin and GA3 adversely affected the 

rooting. The rooted shoots were transferred to seed germination substrate in 

pots and successfully hardened in the humidity cabinet for 3-4 weeks before 

transfer to green house.  

 

Leaves of D. jerseyana treated with low concentrations of TDZ and NAA 

readily produced friable callus, producing organogenic shoots when 

transferred to PGR-free medium in 4-6 weeks. Adventitious shoots via direct 

organogenesis was achieved in cotyledons, nodes, internodes, and leaf 

explants of seedlings of both species by controlling the duration of exposure 

to medium containing 1.0 µm TDZ and 1.0 µm NAA.  Treatment of 

internodes, petioles, and leaf explants of mature plants after 1-3 days in D. 

jerseyana and 9-14 days in D. pruriens with 1.0 µm TDZ and 1.0 µm NAA 

and subsequent transfer onto MS medium produced adventitious shoots via 

direct organogenesis. Leaf explants of D. johnsonii formed good callus with 

2.5 µM 2,4-D and very low concentrations of BA  or  with 10.0 µM 2,4-D in 

combination with very low concentrations of TDZ but no shoots were formed. 

No embryogenesis was observed for any treatment in any species. Shoots 

regenerated via organogenesis is an efficient system for biotechnology 

applications such as genetic engineering, obtaining somaclonal variants, 

hybridization and cryopreservation and is highly desirable for the thick and 

hairy shoots of Davidsonia species.  

 

Molecular marker analysis of Davidsonia species using randomly amplified 

DNA fingerprinting (RAF) provided a preliminary view of genetic relationships 
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between three species, D. pruriens, D. jerseyana and D. johnsonii. Previously 

known to be D. pruriens var. pruriens, var.  jerseyana and var. johnsonii, were 

recently classified as three distinct species, based on morphological 

variations. Verification of their species status, using molecular marker 

technology will prevent any confusion which had been caused in the past.  

 

A more comprehensive study with 42 accessions from cultivated and wild 

sources provided 47 robust RAF markers for the first genetic analysis of all 

three species, using arbitrary primers OPA-3, OPA-12 and OPK-06. Several 

markers could be classified as diagnostic of D. pruriens, as they were 

observed in every accession and not found in the other species. Surprisingly, 

the vegetatively propagated D. johnsonii showed a high diversity within 

species and was genetically quite different to other species. The two 

sympatric species, D. jerseyana and D. johnsonii were genetically more 

different from each other than they were to D. pruriens. The study showed 

that most of the 30-40 years old trees of D. pruriens were from north Qld. and 

may have been distributed at Griffith University, Mother Nature’s Bush Tucker 

Nursery (MNBTN), Sherwood Park and Tropical Fruit World (TFW) at around 

the same time which formed the gene pool of most of the D. pruriens 

accessed from the study region.  

 

Davidson’s plum is an Australian native plum, with a high commercial 

potential due to its wide range of cuisine products, wines, antioxidants, and 

high composition of vitamins with potential health diets benefits. An increase 

in wild harvests and demands for orchard cultivation necessitates the 

development of techniques for mass micropropagation. Application of 

biotechnology to improve traits such as sweetness, palatability, reduced 

hairiness, seedlessness, larger fruit sizes, tree sizes, flowering and fruiting 

times and adaptability will be of enormous commercial advantage. Further 

genetic studies would provide the basis for the selection, improvement, 

cultivation and for the conservation of the two threatened and endangered 

species.  
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CHAPTER 1 

 

A survey of edible Australian native fruit species in the 

south east Queensland and northeast New South Wales 

coastal regions 

 
The Award winning Galeru Brand 
products from Cooroy, Sunshine Coast, 
Qld. 

 
A range of Galeru Brand Yoghurts 
for sale at New Farm markets 

 
The Rainforest Liqueurs Brand from 
John and Mary King, Connondale, Qld. 

 
A range of Galeru products with 
packaging for overseas and local 
markets 

 
Syzygium luehmanii named 
raincherry for market appeal. 

 
Liqueurs of five native species from 
John and Mary King 

 
Davidson’s plum cake made by Martha 
Shepard 

 
Martha Shepard and David 
Haviland at New Farm Market, 
Brisbane.  

 
The Tukka Restaurant at West End  
in Brisbane  

Plate 1.1 Bushfoods products and markets                                       Photos by N Nand (July, 2007)      
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1.1 Abstract 

A wide range of Australian native cuisines such as jams, sauces, flavours, 

fragrances, syrups, cordials, chutney, wines and novelty products developed 

for local and overseas market has caused an increase in the demand for 

indigenous fruits. A survey of producers of Australian native fruits identified 

some major constraints faced by the growers/processors such as; 

inconsistent supply of fresh fruits, risks in the exploitation of species by wild 

harvests, lack of knowledge of propagation techniques, lack of support from 

research and development and the lack of information on various agronomic 

and horticultural aspects. These factors severely hindered the development of 

the native bush food industry. From the fifteen Australian native species 

identified in south east Qld. and north east NSW, five species with highest 

commercial potential are described. These species were: Citrus australasica 

F.Muell. (Bailey) Swingle (Finger lime), Davidsonia pruriens F. Muell. and 

Davidsonia jerseyana Bailey (Davidson’s plum), Podocarpus elatus R.Br. 

(Illawara plum) and Syzygium luehmanii F. Muell. (riberry). Other species 

identified with lesser potential were: Acronychia oblongifolia A.Cunn. ex Hook. 

Endl. ex Heynh (Lemon aspen), Diploglottis spp. (native tamarinds), Eugenia 

reinwardtiana (Blume) DC. (beach cherry), Pleiogynium timorense (DC.) 

Leenh (Burdekin plum) and Rubus spp. (native raspberries). Application of 

biotechnology in selecting, breeding and in propagation systems is inevitable 

in order to meet the increasing demands for small and medium plantations. 

The application of molecular technologies will enhance the understanding of 

diversity between and within populations and conservation of plant genetic 

resources. Manipulations of genes could enable the utilisation of higher 

quality traits to improve stock or produce useful for value-added products. 

Research and development in areas of food safety, product development, 

marketing, fruit supply, storage, horticultural practices and national 

coordination will be needed for a sustainable industry. 

___________________________________________________________________________ 
Paper presented at second Queensland Bushfoods Conference held at Griffith University, 
Nathan Campus, Brisbane. June 2000. 
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1.2 Introduction 
 

1.2.1 Overview of Australian flora 

 

The Australian flora which has developed for about 30 million years (Johnson, 

1996) has evolved in isolation giving rise to 80% of Australian plant species 

and 30% of plant genera that are endemic (George, 1981). The sclerophyll 

vegetation has highly developed structures for water conservation (Purnell, 

1959; Jeffery, 1967; Lamont, 1972, 1982) and has become well adapted to 

poor soils (Specht et al., 1961). Australian flora has adapted and evolved to 

survive the harsh environmental conditions and tolerate fire by the 

development of thickened insulating barks, epicormic buds, underground 

ligonotubers and hard woody fruits. The fruits and seeds tolerate very high 

temperatures, thus seeds can remain dormant for long periods and germinate 

when conditions become favourable (Johnson, 1996). 

  

Australia has a wide range of climatic conditions and has about 16 000 

vascular plants scattered over the land mass (Hnatiuk, 1990). English 

explorers took some 170 species for pots and gardens by 1800, however, 

discovered they were difficult to propagate and bloom in harsh winter 

conditions. Australian plant nursery industries flourished in UK after heated 

glass houses were introduced (Cavanagh, 1993) and flowers and seeds were 

developed for distribution to the growers and nurseries. The irony is that the 

European settlers considered Australian plants as weeds and pests locally 

and introduced their own established plants from their own countries. Due to 

difficulty in propagation and cultivation, little attention was given to local native 

plants; however, use of traditional and biotechnological approaches are 

currently being used to re-establish the popularity of Australian native plants 

(Johnson, 1996) and to develop species that take advantage of new 

unexplored opportunities. 
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1.2.2 The Australian Bushfood industry 

 

The bushfoods have being used by Indigenous Australians for the past 40 

000 years (Roberts et al., 1990) but only Macadamia has been cultivated 

commercially since the 1890’s. Several bush food products have obtained 

International awards including one in Japan in 1988 for original menus based 

on Australian native plants (Moody, 1989). Currently there are a range of 

products such as fresh fruits and processed value added products such as 

wines, sauces, juices, flavours, condiments, vinegar, chutneys and medicinal 

products. Many medicinal plants such as Swainsona galegifolia (Andr.) R.Br. 

(Ermayanti et al., 1993), Solanum aviculare Forth. (Bradley et al., 1978; 

Tsoulpha and Doran, 1991) and Solanum laciniatum Aiton (Bradley et al., 

1978; Chandler and Dodds, 1983) and essential oil producing plants 

Melaleuca alternifolia Maiden and (E. Betch) Chee, Eucalyptus or 

Leptospermum species have been investigated for their commercial products 

and potential (Johnson, 1996). Seventeen species of bushfoods have been 

investigated for their commercial potential of antimicrobial, antioxidant and 

emulsifying properties (Forbes-Smith and Paton, 2002; Zhao and Agboola, 

2007) and potential for a wide range of uses (Hegarty and Hegarty 2001). 

 

Based on research by the Australian National Bushfood Industry Corporative 

(ANBIC), the Australian bush food industry (including bushfoods such as emu 

and kangaroos) was valued nationally at $5 million at the farm gate and $14 

million retail in 1996 (Phelps, 1997a,b). ANBIC (1996) estimated that the 

bushfood industry would have a farm gate value of about $30 million in 2000. 

The increased contribution of plant-based products had been significant and 

the native plant food industry had an estimated retail value of about $70 

million (Henly, 2001 pers. comm.), excluding the macadamia industry which 

was valued at over $80 million (Dyer, 1999). There has been no substantiated 

current value of the bushfood industry, and it is doubtful that it had reached 

the $100 million prediction (Phelps and Phelps, 1996) despite its rapid 

development in the mid 1990s including research and development projects, 
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horticultural developments and the marketing of new products on the 

international market. 

 

There are different estimates of how many plants have been utilised 

throughout Australia at various times as food plants. Edible parts of bushfood 

plants include: fruit, leaf, tuber, root, seed, calyx, shoot, flower and rhizome, 

however, not all parts of a plant are edible. Some plants may have two or 

more edible parts and other parts may be either non-palatable or toxic. 

Variations in number of species listed, depends upon the considerations of 

the degree and number of edible parts of the plants utilised for products in 

each report. 

 

Cherikoff and Isaacs (1990) suggested that there were 358 edible plant 

species throughout Australia including 208 species in the Sydney district 

alone, and Ringer (1998) listed 218 species in Qld. Of the 236 species in 

Central Australia approximately 140 species are utilised for food (Latz, 1995). 

Similarly Beal (1995a) and Christensen and Beal (1998) reported 440 edible 

plant species including 18 Acacia species, whose seeds are utilised 

throughout Australia.  

 

Although indigenous people of Australia have utilised native plant species for 

the past 40 000 years (Roberts et al., 1990) to 50 000 years (Dyer, 1999), 

little Aboriginal food and medicinal plant usage has been recorded. Most of 

the acquired knowledge was either in the form of art or transmitted culturally 

and orally (Lister, 1998). While European settlers farmed some bushfoods 

there was greater interest in exotic species that were considered to be more 

palatable. The transition of native edible plants into horticulture has been very 

slow with only Macadamia integrifolia Maiden and Betche, being well 

established after its first bushfood plantation in northern NSW in the 1890’s 

(McConachie, 1980). It was only after Vic Cherikoff, Paul James and John-

Paul Bruneteau pioneered the development and establishment of unique 

Australian cuisine in retail outlets and restaurants in Sydney in the early 
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1980’s (Queensland Department of Primary Industries (QDPI), 1999) that 

many people realised the potential of bushfoods for fresh, processed and 

value added products. Some farmers moved quickly to diversify their crops 

and grew bushfoods as an alternative to conventional cropping as they 

represented new crops for the growing market and were seen as a source of 

additional income. Most investments, however, have been small while the 

farmers conduct trials individually to develop a few native species. Despite 

high risks, growers and researchers are quite optimistic about the potential 

commercial opportunities of the Australian bushfood industry (Hardwick, 

1994; Johnson, 1996; Dyer, 1998; Graham and Hart, 1998; Ringer, 1999; 

Hegarty and Hegarty 2001; Zhao and Agboola, 2007). 

 

A number of studies (Dyer, 1999; Forbes-Smith and Paton; Geno, 1999; 

Gorst, 2000; Graham and Hart, 1998; Ringer, 1999; Rural Industries 

Research and Development Corporation (RIRDC), 1998; Zhao and Agboola, 

2007) have reported the qualities of some of the best edible species including 

some fruit species that have commercial potential on an Australia-wide basis. 

In this study growers and producers were surveyed in south east Qld. and 

north east NSW to identify species that are important commercially.  

 

 1.2.3 Application of biotechnology to Australian natives 

 

1.2.3.1 Introduction 

 

Application of biotechnology to develop new cultivars could benefit bushfood 

industry (Johnson, 1996). Exploitation of natural resources via wild harvests 

was inevitable as the demand for fresh fruits and leaves increased. As 

legislations were introduced to protect threatened and endangered species, 

more interested growers planted their preferred species on small and medium 

farms (Graham and Hart, 1997). Lack of horticultural knowledge and 

processing, storage difficulties, marketing and profitability of bushfoods has 

been a challenge for the industry. Currently considerable research and 
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development is being done at various plantations, universities and colleges 

supported by RIRDC and Commonwealth Scientific and Industrial Research 

Organisation (CSIRO).  

 

1.2.3.2 Plant tissue culture  

 

Pioneering work in plant tissue culture in Australia was done by de Fossard of 

University of New England. Several commercial plant tissue culture 

laboratories developed at the same time (Johnson, 1996). By 1980’s ferns, 

flowers, foliage plants and some novelty plants such as Cephalotus follicularis 

Labill. (an Australian carnivorous plant) were developed commercially 

(Johnson, 1996). From 1974-1980 numerous publications reported on 

micropropagation of native Eucalyptus species (Gorst and de Fossard, 1980; 

Johnson, 1996). Research on Australian native species includes tissue culture 

of Grevellia hybrids (Gorst et al., 1977), Araucaria cunninghamii Aiton ex D. 

Do. (Haines and de Fosssard, 1977), Anigozanthos species (Ellyard, 1978; 

McComb and Newtown, 1981), Brachyscome lineariloba (DC.) Druce (Gould, 

1978), Eriostemon australasius Wilson (Plummer and de Fossard. 1981), 

Grevillea rosmarinifolia A.Cunn. (Ben Jaacov and Dax, 1981), a range of 

native orchids and fruit crops such as Santalum acuminatum R.Br. 

(quandong) and Santalum lanceolatum R.Br. (plum bush) (Barlass et al., 

1981). 

 

As tissue culture technology expanded, research was focussed on media 

improvements for Australian plants for their in-vitro nutritional requirements 

(Taji and Williams, 1996). International interest in Australian plants has 

caused further application of tissue culture technology to many species (Taji 

and Williams, 1996). Other research has been conducted under confidentiality 

arrangements for development, propriety rights or under plant breeders’ rights 

(Johnson, 1996; Taji and Williams, 1996).  
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1.2.3.3 Application of tissue culture technology to rare and endangered  

Australian native species 

 

There are about 1000 threatened species in Australia including 304 species in 

Western Australia, 298 species in Qld., 259 species in NSW, 94 in Victoria, 

78 in South Australia, 47 in Tasmania and 18 in the Northern Territory (Briggs 

and Leigh, 1993). While seed collection and cuttings was the main method of 

propagation, in-vitro techniques could enhance clonal propagations and 

germplasm storage of the rare and endangered species of orchids and woody 

species (William and Taji, 1991).  Clements and Ellyard (1979) used tissue 

culture for rare orchids and McComb (1985) propagated Stylidium 

coroniforme Wege from sterile seedlings explants. Twenty two rare and 

endangered species from sixteen families have been successfully 

micropropagated and protocols established for Australian native species 

(Bunn and Dixon, 1996).  

 

National Botanic Gardens in Canberra, Royal Botanic Gardens in Sydney, 

Kings Park and Botanic Gardens in Western Australia, Black Hill Flora Centre 

and Botanic Gardens in South Australia, universities, and other research 

organisations are now concentrating on efforts to conserve the gene pool of 

endangered native species, develop techniques for long term in-vivo and in-

vitro germplasm storage (Turner et al., 2001), and to develop protocols for 

clonal propagation of selected species (Taji et al., 1996). Some rare and 

endangered species that have been micropropagated by tissue culture are: S. 

coroniforme (McComb, 1985), Grevillea scapigera A.S. George (Bunn and 

Dixon, 1992), Leucopogon obtectus Benth. (Bunn et al., 1989), Phebalium 

species (Jusaitis, 1991) and rare terrestrial orchids (Collins and Dixon, 1992; 

Jusaitis and Sorensen, 1993). Blandfordia cunninghami Lindl., an endangered 

species (Briggs and Leigh, 1988) rarely flowers in the natural environment, 

but was discovered flowering in the Blue Mountains National Park in Sydney.  

Embryos from immature (green) fruits from this species were germinated in 

vitro and established for micropropagation and replanting (Johnson, 1994). 
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1.2.3.4 Commercial micropropagation for the nursery industry 

 

Barlass and Hutchinson (1996) listed 14 commercial tissue culture 

laboratories producing 45 genera of 564 cultivars of Native Australian plants 

from which 85% were sold to the domestic market for pot plants or cut-

flowers. The company produced more than 500 000 propagules of 50 

cultivars of kangaroo paw of which 80% were exported each year. Australian 

native plants generally form a small fraction of the total production of most 

companies due to technical difficulties. Successful companies are 

concentrating on neighbouring markets in Asia, such as Taiwan, Korea and 

Singapore rather than competing with large producers in Europe and America 

(Barlass and Hutchinson, 1996). Cut-flowers such as Blandfordia grandiflora 

R.Br. and Anigozanthos spp. (Kangaroo paws) have been commercially 

micropropagated for the flower industry since 1994 (Johnson, 1996). Orchids, 

palms (Gorst, 1996), gymea lily (Smith, 2000) and more than 90 native 

ornamental species had been successfully tissue cultured by 1996 (Taji and 

Williams, 1996), many of which are utilised for the cut-flower industry.   

 

1.2.3.5 Application of tissue culture to woody species  

 

The major focus of micropropagation and research in Australia and 

internationally is on the valuable timber and essential oil producing genus, 

Eucalyptus. Due to the threatening ‘dieback’ disease in Eucalyptus marginata 

Sm. (Jarrah) forests of Western Australia, work started on disease resistance 

to prevent damage by Phytophthora spp. (Johnson, 1996).  

 

More than 500 named Eucalyptus spp. are found in Australia, but only two in 

Tasmania, E. deglupta Blume and E. urophylla Blake (McComb et al., 1996). 

Many Australian species have now been introduced into many countries for 

timber, pulp, oils, charcoal, and as ornamentals and form one of world’s most 

widely planted hardwood, about 6 million hectares worldwide. de Fossard, 

and his co-workers (de Fossard, 1976; de Fossard and Bourne, 1977; de 
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Fossard et al., 1977;  de Fossard et al., 1978; McComb, et al., 1996) 

developed protocols for callus culture, organogenesis, shoot culture and 

rooting techniques for 14 Eucalyptus species and laid the foundation for low-

cost tissue culture.  

 

1.2.3.6 Application of molecular marker technology to Australian natives  

 

Demand for a reliable supply of fruits has increased the need to improve 

breeding programs, propagation techniques and conservation of native 

species via biotechnology application (Johnson, 1996). The three species of 

Davidsonia, previously considered to be varieties, have only recently been 

raised to species level using morphological characteristics (Harden and 

Williams, 2000) and reviewed in detail in Chapter 5. Due to the range of 

variations within and between the species, molecular marker technology has 

been utilised (Nand et al., 2005) in the authentication and confirmation of the 

species status of D. pruriens, D. jerseyana, and D. johnsonii. Recent 

advances in molecular biology have enabled the renaming and classification 

of a native plant (Australian Native Food Industry Limited - ANFIL, 2007), 

Aniseed myrtle (formerly Anetholea anisata) as Syzygium anisatum Craven & 

Biffen.  

 

The PCR based technology using Random Amplified Polymorphic DNA 

(RAPD) and Sequence Tagged Sites (STS’s) and the recently developed 

technique, Randomly Amplified DNA Fingerprinting (RAF) has been 

successfully used to characterise commercially farmed M. integrifolia and M. 

tetraphylla LAS Johnson and their hybrids (Peace, 2002). Micropropagation, 

somaclonal variation and in vitro selection, haploidy, embryo culture, somatic 

hybridisation, gene mapping, cryopreservation and transformation 

technologies have been applied to many tropical and sub-tropical fruit species 

(Ashmore et al., 2000; Drew, 2007a; Drew, 1996a) including some Australian 

natives (Daggard, 1996; Taji and Williams, 1996). These rapidly developing 
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technologies can also be applied to several native species for conservation, 

breeding and the identification of biodiversity.  

 

1.2.3.7 Australian native species of potential interest  

 

Specific plants have been selected by Johnson (1996) as potential food plants 

such as Santalum spp. (Barlass et al., 1981; Chilvers, 1982) and as potential 

fruits: D. pruriens (Davidson’s plum), Diploglottis cunninghamii J.D. Hook. 

(Native tamarind), Elaeocarpus bancroftii F.Muell. & Bailey (Kuranda nut), 

Billardiera scandens Smith (Common Apple-berry), Tasmannia lanceolata 

A.G.Smith (Native pepper). Graham and Hart (1998) listed 14 species and 

this survey identified 15 species of high commercial potential, as determined 

by their usage in south east Qld. and north east NSW region.  

 

The Davidsonia species, have been listed by several authors (Archer, 2002; 

Hardwick, 1994, Graham and Hart, 1998; Johnson, 1996; Ringer, 1999) as 

having many uses and a high potential. The fresh fruits which are relatively 

large and sold at about $15.00/ kg are used for jams, sauces, flavours and 

wines (Ringer, 1999). D. johnsonii J.B.Williams & G.J.Harden which is 

seedless has potential as a source of processed fruit and wine.  

 

1.2.3.8 The current trend in the development of Australian native species  

 

A current trend is to move from the traditional Aboriginal food usage in which 

food was extensively treated before consumption (Hegarty et.al., 2001) to 

modern usage as flavours and medicines such as knowledge on toxicity and 

treatments to reduce fear of illnesses would encourage greater usage. 

Traditional knowledge has to be documented for greater accessibility in 

commercial use. Publication of Bushfood Production and Marketing 

Information (RIRDC, 1999) listed more than 66 individuals, 24 buyers of 

bushfoods, 14 processors, 13 nurseries, and 53 general organisations 

involved in the industry and provided a list of 48 periodicals, fact sheets, 
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research projects and research papers and 72 internet sites (RIRDC, 1999). 

Research publications and internet sites have greatly expanded in the past 

few years.  

 

The evaluation of Australian native fruits found that they contained 3.5 to 5.4 

fold higher amounts of antioxidants and anthocyanins than blueberries (Netzel 

et al., 2006) indicating the potential for development of novel functional food 

products. Apart from mainstream food markets exploration of alternative high 

value functional products such as antimicrobial agents, antioxidants (Forbes-

Smith and Paton, 2002; Zhao and Agboola, 2007) dyes, additives, essences, 

detergents and supplementary health diets provide great commercial 

opportunities. Many projects now funded by RIRDC which have more than 

1500 publications alone on New Plant Products R&D program and publication 

and information provided by several individual bushfood organisations and 

universities have greatly enhanced a more rapid development of the new 

industry in recent years. This report highlights the growing need for research 

and development of many plant species and the dissemination of information 

to the growers, processors and marketers. 

 

Aniseed myrtle, Davidsons’s plum, lemon aspen, lemon myrtle, mountain 

pepper, muntries/ muntharies, riberries, quandong, wild limes, and wattle 

seed were considered as the most significant crops and end uses (Forbes-

Smith and Paton, 2002). Market focus, safety and food standards, profitable 

and sustainable production systems and information and communication were 

the key issues to be addressed for growth and sustainability of the industry. 

RIRDC funded projects (Mc Donald et al., 2006; Page 2004; Ryder and 

Latham 2005; Zhao and Agboola, 2007) for the cultivation of species such as 

muntries, wild limes and quandongs have provided more information on the 

horticultural practices, research and development and potential opportunities 

for the growth and development of these native species.  
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Ahmed and Johnson (2000) identified 14 species with commercial potential 

including Davidsonia species, and Cherikoff (2004) listed 12 fruit species, 6 

seasoning and rub-spices, 9 herbs and spices, 4 oils, 3 seeds and nuts and 7 

convenience products which were available on the market. Another 

unpublished report (Johnston, 2001) listed 12 species with commercial 

potential. RIRDC projects (Hegarty and Hegarty 2001; Zhao and Agboola, 

2007) undertaken for food safety and phytochemical analysis in bushfoods for 

toxicity and commercial products from native species have also been 

identified in this survey.  

 

The objectives of the survey in this chapter were to identify the species most 

utilised for food or food and commercial products and thus considered to have 

the most commercial potential in south east Qld. and north east NSW and to 

ascertain key factors that influence the successful growing and marketing of 

these species and the development of the industry. In addition, we wished to 

establish the research and development priorities, in terms of biotechnological 

applications, that the enterprises perceived as being the most useful for 

propagation and conservation strategies within the industry.  

 

1.3 Materials and methods   

 

1.3.1 The survey  

 

A list of names of Australian native plant nurseries, growers, and/or 

processors in south east Qld. and north east NSW (between longitudes of 

150-154 E and latitudes of 23-27  N) was prepared from the yellow pages of 

the Qld. telephone directory. Initially, individuals were contacted by phone 

and/or fax for a brief introduction and to gauge the level of involvement and 

interest in Australian native plants and/or products. Those who were prepared 

to participate in a formal survey were sent a questionnaire. Another list of 

names was obtained from the editor of the Australian Bushfoods Magazine 

and surveyed. Questionnaires were also distributed at the first annual 
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Queensland Bushfoods Association Conference held at the Griffith University 

in August, 1999. In total, 62 questionnaires were distributed.  

 

The objectives of this survey were to identify: 

 

(i) species most commonly grown in the study region for their fruits, leaves 

and value added products in the study region 

(ii) the most preferred species with commercial potential on the basis of   

usage and trade 

(iii) propagation methods used and problems and constraints with these 

(iv) type and level of Research and Development already being undertaken  

      on these species 

(v) problems and constraints encountered by the industry group in  

     the commercial aspects of these species. 

 



A Survey of Edible Australian Native Fruits                                                   Chapter 1 

 

 
19 

 

1.3.2 The questionnaire  

The questionnaire was divided into five main sections under these sub-

headings: 

 

1.3.2.1 Australian native fruit species of interest and product range  

 

Based on the species in Table 1 and preliminary discussions with a small 

sample of growers in the survey region, 40 species were listed. From this list 

respondents were asked to nominate which plants they grew or sold and/or 

which raw produce and/or value-added products they sold. They also had the 

opportunity to add to the list any species of their interest not included.  

 

The respondents were requested to list five species (together with reasons for 

choosing these species) of most interest, ranked from highest to lowest, which were 

grown and/or sold by them and grown and/or sold by others.  

 

 

 

1.3.2.2 Propagation methods and constraints 

 

Since the issue of harvesting from natural populations was pertinent, at the 

time of the survey, to forthcoming state government legislation (now in place 

in NSW since October 2000), it was considered important to ascertain the 

degree to which producers had embraced the move to plantation farming. 

Growers/producers were asked whether they harvested fruits or seeds from 

the wild and if they; obtained seeds from other growers/producers, obtained 

plants from other growers, or propagated their own plants. Those indicating 

that they propagated their own native plants were then asked to list the names 

of the species and indicate the method of propagation used for those species. 

In relation to constraints to propagation, a number of possibilities were 

suggested and growers/producers were asked to indicate which constraints 

affected them. These included problems in relation to access to seeds, 

germination rates, seed storage, growth rates of seedlings, root induction of 
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cuttings, and the knowledge of propagation techniques. Provision was also 

made for the respondents to include other constraints that affected them.  

 

1.3.2.3 Research and development  

 

A blank table was provided to determine the level of research and 

development in the bushfoods industry with the headings; Type of research 

(eg. propagation, fruit development, post-harvest) and Level of research 

(backyard, commercial farm, Universities, Technical and Further Education, 

Department of Primary Industries, CSIRO). The respondents had to fill in the 

species name and details of research being undertaken on the species by 

them or undertaken elsewhere but known to them. 

 

1.3.2.4 Problems and constraints to commercialisation 

 

It was decided that a rapidly growing industry may lack information 

dissemination and strategies to meet market demand. The respondents were 

requested to list and explain the problems and constraints specifically 

affecting them. It was believed that obtaining and processing of fresh fruits for 

value added products posed some problems for the growers and processors. 

They were asked to explain any such problems and constraints, which they 

encountered. There was a niche market for the small processors, however, 

the growers/ processors were asked to explain any difficulty in finding markets 

for their products. These problems and constrains were then listed and the 

number of respondents with similar difficulties identified.  
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1.3.2.5 General comments 

 

At the end of the questionnaire respondents were also asked to add any other 

general comments or suggestions which might relate to any of the above 

sections but not already covered. 



A Survey of Edible Australian Native Fruits                                                   Chapter 1 

 

 
22 

Table 1.1. Australian native fruit species selected by other authors in their reports 

 

Species  

 

References 

Acacia spp. Benth., F.Muell., Schtdl. , 

Rbr.(Wattle seed) 

 Christensen & Beal (1998); Forbes-Smith & Paton (2002); Graham & Hart (1997); 

 Hegarty & Hegarty (2001); Ryder & Latham (2005);  Zhao & Agboola (2007) 

Acacia victoriae Benth. (Hook.) Hook.f.  

ex Benth. (Gundabluey) 

 Christensen & Beal (1998); Hegarty & Hegarty (2001); Phelps (1996); Ryder & Latham 

(2005) Zhao & Agboola (2007)   

Acronychia acidula F.Muell. R.Br. 

 (Lemon aspen) 

Christensen & Beal (1998); Forbes-Smith & Paton (2002); Graham & Hart (1997); Gorst 

(2000); Hegarty & Hegarty (2001); Phelps (1996); Zhao & Agboola (2007)   Phelps (1996) 

Backhousia citriodora F.Muell.  

(Lemon myrtle) 

Christensen & Beal (1998); Forbes-Smith & Paton (2002); Graham & Hart (1997); 

Hegarty & Hegarty (2001);  Phelps (1996); Ryder & Latham (2005); Zhao & Agboola 

(2007) 

Citrus ausralasica  F.Muell (Bailey) 

Swingle (Finger lime)  

Birmingham (1998); Christensen (1998); Forbes-Smith & Paton (2002); Gorst (2000); 

Graham & Hart (1997); Hegarty & Hegarty (2001) 

Citrus australis (Mundie) Planchon 

(Round lime)    Christensen & Beal (1998) 

Christensen & Beal (1998); Forbes-Smith & Paton (2002);  Hegarty & Hegarty (2001)  

Citrus glauca (Lindl.) Burkill (Wild lime)  Forbes-Smith & Paton (2002);  Graham & Hart (1997); Hegarty & Hegarty (2001); 

Phelps (1996); Ryder & Latham (2005); Zhao & Agboola (2007) 

Davidsonia pruriens F.Muell. 

(Davidson’s plum)  

Forbes-Smith & Paton (2002); Forbes-Smith & Paton (2002); Gorst (2000); Graham & 

Hart (1997); Hegarty & Hegarty (2001); Johnson (1996) ; Ryder & Latham (2005); Zhao 

& Agboola (2007)  

Diploglottis cunninghamii J.D.Hook 

 (Native tamarind)    

Hegarty & Hegarty (2001); Johnson (1996) 

Elaeocarpus bancroftii (F.Muell. & 

Bailey) (Kuranda nut) 

Johnson (1996)   

Kunzea pomifera (F.Muell.) (Muntries) Christensen & Beal (1998); Forbes-Smith & Paton (2002); Graham & Hart (1997); 

Hegarty & Hegarty (2001); Page (2004); Phelps (1996);  Ryder & Latham (2005)  Phelps (1996) 

Podocarpus elatus R.Br. (Illawara plum)  Beal (1995b); Christensen & Beal (1998); Forbes-Smith & Paton (2002); Gorst (2000); 

Graham & Hart (1997); Hegarty & Hegarty (2001); Phelps (1996); Zhao & Agboola 

(2007) 

Santalum acuminatum R.Br. (Quandong)  Christensen & Beal (1998); Forbes-Smith & Paton (2002); Graham & Hart (1997); 

Hegarty & Hegarty (2001); Phelps (1996);  Ryder & Latham (2005); Zhao & Agboola 

(2007) 

Solanum centrale J.M. Black. (Bush 

tomato) 

Christensen & Beal (1998); Gorst (2000); Graham & Hart (1997); Hegarty & Hegarty 

(2001); Phelps   (1996; Ryder & Latham (2005); Zhao & Agboola (2007) 

Syzygium luehmanii   F.Muell. (riberry) Beal (1995); Christensen & Beal (1998); Gorst (2000);  Graham & Hart (1997); Hegarty 

& Hegarty (2001); Phelps (1996); Ryder & Latham (2005); Zhao & Agboola (2007) 

Tasmannia lanceolata Poir. (Mountain 

pepper) 

Christensen & Beal (1998); Forbes-Smith & Paton (2002); Graham & Hart (1997); 

Hegarty & Hegarty (2001); Johnson (1996); Phelps (1996); Zhao & Agboola (2007 

Terminalia ferdinandiana Exell.  

(Kakadu plum)    Christensen & Beal (1998); Phelps (1996) 

Christensen & Beal (1998); Gorst (2000);  Hegarty & Hegarty (2001); Phelps (1996) 

Tetragonia tetragonoides Kuntze 

(Warrigal greens)  

Christensen & Beal (1998); Forbes-Smith & Paton (2002); Graham & Hart (1997); 

Hegarty & Hegarty (2001); Zhao & Agboola (2007) 
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1.4 Results 

 

1.4.1 Questionnaire 

 

A total of 39 (62%) questionnaires were returned, partially or fully completed. 

Some were partially completed only because the respondents were not 

involved in all aspects of the industry. Thirty six 36 (92.3%) respondents were 

involved in the growing and selling of the plants or their products, and 

propagation of the Australian native fruit species. The calculations for 

percentages are based on 36 respondents. Due to smaller numbers of 

responses, the number and the percentage is indicated.   

 

1.4.2 The responses from the questionnaire 

 

1.4.2.1 Australian native fruit species of interest and product range 

 

The survey indicated that S. luehmanii, Austromyrtus dulcis (C. T. White) L. S. 

Smith, P. elatus, Diploglottis spp. and Davidsonia spp. (Table 1.2) were of 

most interest to the growers. Davidsonia spp. and S. luehmanii were the most 

important species for production of fresh fruits and value-added products 

(Tables1.2 & 1.3). C. australasica was also rated highly for its fruit and 

products. These results were consistent with the growers’ identification of the 

five species with the highest commercial potential listed by them (Table 1.4).    
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Table 1.2: Number and percentage (%) of growers and sellers of plant or 

plant products of Australian native fruit species in south east Queensland and 

north east New South Wales   (Top 15 species in alphabetical order).  

 

SCIENTIFIC NAME COMMON 
NAME 

NUMBER & 
(%) OF 

GROWERS 

NUMBER & 
(%) 

SELLING 
PLANTS 

NUMBER & 
(%) 

SELLING 
PRODUCTS 

USEFUL INFORMATION 
ON USES    

Acronychia oblongifolia Lemon aspen 10 (27.8) 5 (13.9) 2 (5.6) Fruit, leaf, flavours, 
fragrance  

Austromyrtus dulcis Midgem berry 18 (50.0) 10 (27.8) 4 (11.1) Berry, tasty, very short  
shelf- life 

Citrus australasica Finger lime 14 (38.9) 9 (25.0) 7 (19.4) Fruit, Novelty uses, chutney, 
jams, juices   

Citrus australis Round lime 13 (36.1) 8 (22.2) 4 (11.1) Fruit, novelty uses, jams, 
juices 

Davidsonia. jerseyana Davidson plum 14 (38.9) 13 (36.1) 9 (25.0) Fruit, jams, sauces, wines  

Davidsonia  pruriens Davidson plum 16 (44.4) 14 (38.9) 8 (22.2) Fruit, jams, sauces, wines 

Diploglottis australis Native tamarind 11 (30.6) 6 (16.7) 1 (2.8) Acid fruits, syrup, flavours 

Diploglottis campbellii Native-small-leaf 
tamarind 

14 (38.9) 8 (22.2) 1 (2.8) Fruit, flavours, syrup, drinks 

Diploglottis 
cunninghamii 

Native tamarind 11 (30.6) 7 (19.4) 1 (2.8) Fruit, juices, syrup, flavours 

Diploglottis smithii Smith’s tamarind 9 (25.0) 6 (16.7). 3 (8.3) Fruit, cordials, flavours 

Eugenia reinwardtiana Beach cherry 12 (33.3) 7 (19.4) 3 (8.3) Fruit, jelly, chutney 

Pleiogynium timorense Burdekin Plum 11 (30.6) 6 (16.7) 1 (2.8) Fruit, jams, sauces,   

Podocarpus elatus Illawarra / brown 
plum 

17 (47.2) 10 (27.8) 6 (16.7) Fruit, wine, jams, chutney 

Rubus species Native 
raspberries 

14 (38.9) 7 (19.4) 4 (11.1) Fruit, jams, sauces, off-
season. 

Syzygium luehmanii Riberry / cherry 
alder 

19 (52.8) 13 (36.1) 10 (27.8) Juices, jams, sauces, fruit 

 

Table 1.3: Type of native plant products of top 15 species being sold. 
 

SCIENTIFIC NAME COMMON NAME FRESH 
FRUITS 

JAMS SAUCES OILS DRY 
LEAF 

ANY OTHER 
PRODUCTS 

Acronychia oblongifolia Lemon aspen 1   2 2 Flavour 

Austromyrtus dulcis Midgem berry 2 1     

Citrus australasica Finger lime 4 2    Cuisine, jam, 

Citrus australis Round lime 2     Cuisine, jam,  

Davidsonia  pruriens Davidson plum 4 3 3   Wine, jam 

Davidsonia  jerseyana Davidson plum 4 4 4   Wine, jam 

Diploglottis australis Native tamarind 2  1   syrup, cordial 

Diploglottis campbellii Native small-leaf 
tamarind 

1  1   syrup, cordial 

Diploglottis 
cunninghamii 

Native tamarind 1     syrup, cordial 

Diploglottis smithii Smith’s tamarind 9 6. 3   fruit, cordials, 
flavours 

Eugenia reinwardtiana Beach cherry 2 3 1   Fruit, jams 

Pleiogynium timorense Burdekin Plum 1 2 1   fruit, jam, sauce 

Podocarpus elatus Illawarra/brown 
plum 

7 4 5   Wine, jam, 
sauce 

Rubus species  Native raspberries 2 5 2   Jam, sauce 

Syzygium luehmanii Riberry/cherry 
alder 

6 6 2   Cordial, flavours 
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Table 1.4: Selection of five native fruit species of high commercial potential 
listed by the number and percentage (%) of growers and or sellers.  

 
SCIENTIFIC 

NAME 
COMMON NAME HIGH 

COMMERCIAL 
POTENTIAL  

(NUMBER - %) 

REASON 

Syzygium 
luehmanii 

Riberry or cherry 
alder 

13 (36.1)  large quantity of fruit, colour 

Davidsonia   
jerseyana 

Davidson plum 12 (33.3) large quantity of flesh, many 
products 

Davidsonia  
pruriens 

Davidson plum 11 (30.6) large quantity of flesh, many 
products 

Citrus 
australasica 

Finger lime 5 (13.9) flavour, novelty products, 
juices, jams 

Podocarpus 
elatus 

Illawarra or brown 
plum 

5 (13.9) unique taste, versatility, wine, 
jams 

 
 

1.4.2.2 Propagation methods and constraints 

 

Response from the growers and/ or processors indicated that all fifteen 

species were propagated from seed however, 8 species were propagated by 

seeds and cuttings, 4 by seeds, cuttings and grafting, 2 by seeds and suckers 

and only 1 by seeds and layering (Table 1.5.1). Propagation by seeds has 

been the most common method of propagation (61%) and with 82% wild 

harvests for both fruits and seeds, while 18% obtained seeds from other 

growers or did not use seeds at all. Most growers (71%) obtained their 

seedlings or plants from other growers or nurseries.   

 

Table 1.5.1: The source of seeds or fruits and plants obtained by the number 

and percentage (%) of growers.  

 

SOURCES OF SEEDS, FRUITS AND 
PLANTS 

YES 
Number (%) 

NO 
Number (%) 

Seeds from other growers    7   (41%) 10   (59%) 

Plants from other growers or nurseries 12   (71%) 5    (29%) 

Fruits and seeds from the wild 14   (82%) 3    (18%) 
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Six species were propagated by seeds only, which provided a source of 
variation in the seedling populations. Clonal material, however, has been 
obtained from some selected plants by the use of cuttings, grafting and 
suckers. Midgem berry forms a ground cover and propagates by layering in 
the moist and shaded conditions. S. luehmanii, P. elatus, and C. australasica 
have been propagated by seeds, cuttings and grafting, but D. pruriens and D. 
jerseyana have been propagated mostly by seeds. 
 

Table 1.5.2: Methods of propagation for top 15 species used by the number of 
growers for the species selected by the growers.  

 

SCIENTIFIC NAME COMMON NAME PROPAGATION METHOD 

  Seeds Cutting Grafting Other 

Acronychia 
oblongifolia 

Lemon aspen 3    

Austromyrtus dulcis Midgem berry 4 4  layered 

Citrus australasica Finger lime 3 2 3  

Citrus australis Round lime 4 2 3  

Davidsonia  jerseyana Davidson plum 6  1 seedless-
sucker 

Davidsonia  pruriens Davidson plum 8  1  

Diploglottis australis Native tamarind 5 1   

Diploglottis campbelli Native small-leaved  
tamarind 

5    

Diploglottis 
cunninghamii 

Native tamarind 4 1   

Diploglottis smithii Smith’s tamarind 3    

Eugenia reinwardtiana Beach cherry 5 1   

Pleiogynium timorense Burdekin plum 4    

Podocarpus elatus Illawarra/brown plum 7 3 3  

Rubus species Native raspberries 2 3  4 -suckers 

Syzygium luehmanii Cherry elder, riberry 8 6 2  

 

 

Since the seeds became seasonally available, no growers stored seeds 

however, 10 growers indicated that lack of seeds was a major problem. Other 

constraints to propagation (Table 1.6) included: low or erratic germination (6), 

poor seedling growth (5), poor root induction of cuttings (5), and the lack of 

knowledge of propagation techniques (5). The growers/producers also 

included their own constraints for the species selected by them which 

included the lack of elite genotypes (4), damage caused by animals and 

fungal infestations, inability to determine sex in juvenile plants in dioecious 

species and lack of knowledge of optimum picking time for fruits. 
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Table 1.6: Knowledge of type and level of research being undertaken on 

some Australian native edible species, as listed by the growers. 

 

Plant Name Type of Research (eg. 
Propagation, fruit development, 
post-harvest. ) 

Level of Research (backyard, 
commercial farm, UNI., TAFE, DPI, 
CSIRO.) 

Acacia sp All aspects Arid Zone Bushtucker Project, ANPI, 
CSIRO, RIRDC 

Davidson 
plum 

Simple trial and evaluation by 
individuals, production, growth, 
habit  

Davidsonia Industry Ass. NSW, small 
farms, backyards,  
Griffith Uni., UNE, James Cook, UQ, 
USQ  

Finger limes  Propagation  of selected plants CSIRO- patented hybrids. Byron Bay 
Nursery. Individuals. 

Lemon 
myrtle 

All aspects DPI, UNI, CSIRO (VICTORIA),  
Aust.Native Food Management  

Native herbs 
/ spices 

All aspects Arid Zone Bushtucker Project, ANPI, 
CSIRO,RIRDC 

Native 
tamarinds 

Horticultural aspects Small farms, Nth.QLD 

Quandong All aspects AQIA 

Bush tomato All aspects Arid Zone Bushtucker Project 

Syzygium sp Crossing/ hybrids fruit sizes/ 
colours disease susceptibility 

Private nurseries, individuals 
ANPI, RIRDC, CSIRO-SA 

 

 
 
Table 1.7: Research and development support from organisations and 
institutions obtained by growers, processors and product sellers of bushfood 
industry  
 

Organisation/Institution Individuals needing 
support (%) 

Individuals unable to 
access or obtain 

support (%) 

DPI 1 (2.6) 14 (35.9) 

University 2 (5.1) 14 (35.9) 

Local 
Association/Council 

2 (5.1) 14 (35.9)  

Federal or State 
Government 

1 (2.6) 12 (30.8) 

Other Farmers 5 (12.8) 9 (23.1) 
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1.4.2.3 Research and development 

 

The species listed by the respondents as being under research and 

development were: Citrus spp., Davidsonia app., Syzygium spp., lemon 

myrtle, native herbs, native tamarinds and species of interest to them such as 

Acacia spp. (edible seeds), quandongs and bush tomato (Table 1.7). Joint 

projects between individuals and research institutions involved many aspects 

of research including propagation, fruit development, post-harvest qualities, 

selection, breeding and various agronomic requirements for plant growth and 

development. 

 

The processors and sellers of the plants/products had obtained very little 

research and development support (Table 1.8) from the State Department of 

Primary Industries (Qld. DPI and NSW Agriculture) (2.6%), Universities 

(5.1%), local associations/councils (5.1%) and federal and state governments 

(2.6%). The best support (12.8%) was obtained from other farmers 

(growers/processors).  

 

1.4.2.4 Problems and constraints to commercialisation   

  

This section was completed by few respondents (15.4%) involved in any form 

of commercialisation (Table 1.8). The number of respondents is indicated in 

brackets beside a problem or constraint faced by them in the text. Constraints 

to commercialisation from most to least seriousness were: information flow 

(6), selection of genotypes (5), lack of agronomic and horticultural knowledge 

(3), long juvenile period (3) and unknown sexes of dioecious species (2). 

None of the farmers considered monoculture of Australian native fruit species 

would be a problem.   

 

Growers and processors involved in processing of fresh fruits for value-added 

products by problems as listed from most to least seriousness in the following 

order (Appendix 1.1; Table 1.12): the lack of continuous supply of fresh fruits 
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(5), the lack of research and development (5), unsuitable harvesting and 

processing equipment (5) and the lack of freezing and storage requirements 

(4). 

 

In the marketing of products, respondents prioritised problems from most to 

least effect such as; lack of public education and awareness to reach local 

market (5) the red tape involved in legal rights issues (5), lack of consistent 

supply of fresh produce (4) the lack of knowledge about the products within 

the retail industry (4) and shortage of fresh fruits for processing (2).  

 

Table 1.8: Number of respondents indicating the type of problems in the 
commercialisation of Australian native fruit species  

 

PROBLEM YES NO 

Information flow 6  

Monoculture  1 

Funds 2  

Selection of elite genotypes 5  

Long juvenile periods 2  

Unknown sexes in dioecious species 2  

Lack of agronomic and horticultural knowledge 3  

 

 

1.4.2.5 General comments 

 

The general comments and suggestions (Table 1.9) provided by some 

respondents, indicated that there was a lack of a network and information 

dissemination between industry groups. The lack of research and 

development on agronomic requirements, selected genotypes and 

propagation was a major issue. Other problems affecting the growth and 

development of the plant bushfood industry were: the lack of knowledge of 

processing and marketing of native plant products, inconsistent supply of 

fruits, lack of freezing or storage requirements and methods, and legal issues 

relating to maintenance of niche markets for commercialisation.    
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Table 1.9: Additional general comments/ suggestions provided by some 
respondents  

 

COMMENTS/ SUGGESTIONS NUMBER OF  
RESPONDENTS 

(Total 39) 

Lack of information dissemination 7 

Lack of network  between growers, processors and R & D 
organisations 

6 

Lack of selected genotypes 5 

Need to pool agronomic research information for all growers 5 

Need for research for efficient propagation 4 

Lack of knowledge of processing and marketing 4 

Difficulty in storage and supply of fresh fruits 4 

Protection of income and prospects of small farmers and Aboriginal 
communities 

3 

 

 

1.5 Discussion 

 

1.5.1 Description of five main species selected by the growers in the study 

region 

 

1.5.1.1 Syzygium luehmanii F.Muell. (Family: Myrtaceae) is commonly known 

as riberry, cherry alder or small-leafed lillipilly. This species is one of the most 

common of the native Syzygium species of which there are reported to be 32 

(Cooper and Cooper, 1994) and 52 (Carter, 1999 pers.com.) species in 

Australia. It has lush pink foliage twice a year and a dark green canopy with 

tear-shaped 3-6.5 cm long leaves with oily droplets. It has prolific white 

flowers, bunches of pear-shaped 8-13 mm long, dark pink fruits.  S. luehmanii 

is widely used for ornamental reasons as hedges along sides of the city and 

suburban streets, paddocks and private compounds. It had the highest 

number of sellers (27.8%) of products and is ranked second highest in this 

survey (36.1%) in the sale of plants on the current market.  

 

1.5.1.2 Davidsonia pruriens F.Muell. and Davidsonia jerseyana F.Muell. 

(Family: Davidsoniaceae), commonly known as Davidson’s plum has been 

called the ‘finest native fruit’ (Cribb and Cribb, 1974), ‘Ooray of Tully River’ 

(Bailey, 1904), and described as a juicy drupe-like berry with rich red pulp 
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(Maiden, 1889). The morphology of D. pruriens (north Qld. species) is quite 

distinct from the D. jerseyana. D. pruriens grows from 8 m in full sun to 20 m 

in the forest in both tropical and sub-tropical conditions, with very hairy stems, 

leaves, panicles and reasonably large fruits (50-130 g). Long panicles of small 

pink flowers bear many green fruits, which ripen to become an attractive 

bright purple colour. The trees of Davidsonia species form a beautiful 

symmetrical crown with frequent flushes of pink new growth in early spring 

making it an ornamental plant. The brilliant red pulp which is tart or sour in 

taste and unpalatable raw or ripe, has a range of culinary uses including 

delicious wine, jam, sauces, jelly and juice. The D. pruriens was grown by 

44.4% growers and the plants and/or products were sold by the most number 

(38.9) of respondents compared to other individual species.  

 

1.5.1.3 Davidsonia jerseyana F.Muell. (northern NSW species) has a dense 

growth of up to 6m in sub-tropical conditions with ability to tolerate some 

frosts. The fruits are much smaller (25-50 g) and are borne on the branches 

and main stems thus producing greater yields. It grows in northern NSW and 

south east coastal regions of Qld. Another sympatric species commonly 

known as smooth-leafed Davidsonia, now named D. johnsonii was listed by 

some growers due to heavy fruiting and seedlessness which makes it very 

useful for wine processing. Its red pulp is similar to that of D. pruriens. D. 

jerseyana was grown by 38.9% growers and the plants and/or products were 

sold by the most number (36.1%) of respondents compared to other individual 

species.  

 

1.5.1.4 Citrus australasica F.Muell. (Bailey) Swingle (Family: Rutaceae sub 

family Aurantiodeae) (formerly Microcitrus australasica) is commonly known 

as finger lime. C. australasica, grows mainly in the study region as an 

understorey tree on a range of soil types in sub-tropical conditions 

(Birmingham, 2001) from Richmond River in northern NSW to Mt. Tamborine 

in Qld. (Floyd, 1989). The fruits have a very high Vitamin C content (82 mg/ 
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100 g) in the edible portion (Miller et. al., 1993) and were used by early 

settlers to make flavoured drinks and marmalades (Low, 1991). 

 

Finger lime, like other native limes is of high value for cultivation due to its 

flavours and excellent culinary and beverage attributes (Beal, 1998), wide 

range of novelty products (garnish, salad dressings, sauces, marmalades and 

desserts) (Birmingham, 1998 and 2001; Swingle, 1915; Zhao and Agboola 

2007). Apart from the wide range of uses, this species was grown by 38.9% of 

respondents, 25% sold plants where as 19.4% sold their products. C. 

australasica is one of the top fifteen species Australia wide (Graham and Hart, 

1997) and was selected in the top five species with high commercial potential 

in this survey. 

 

1.5.1.5 Podocarpus elatus R.Br. (Family: Podocarpaceae) is commonly 

known as plum pine, she pine, yellow pine and Illawara plum (Low, 1991). 

This species is a tall sub-tropical, riverine and seashore rainforest tree with 

tough, narrow, sharp tipped leaves suited to tropical and sub-tropical 

conditions. Large trees produce large numbers of fruits (80-100 kg per plant) 

which ripen from March to July and fall to the forest floor in early winter. The 

dark juicy pulp tastes rich and sweet and was a highly esteemed fruit by the 

Aborigines and settlers in NSW. Fruit is in high demand restaurants for jams, 

sauces and recently for wines and liqueurs. P. elatus was the third most 

popular plant for growth (47.2%) and for sale (27.8%) in this survey. It had a 

high number of sellers (16.7%) of products such as fresh fruits, jams and 

sauces. 

 

 

 

 

 

1.5.2 Questionnaire 
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During this survey, there were very few growers, processors and/or sellers 

who were actively involved in the bushfood industry. Many of them were either 

hobby growers or producers and most were very reluctant to share their 

knowledge on products, product development, horticultural practice and 

propagation.  The study accepted the response of the survey and considered 

that it provided significant insight into the bushfood industry in the north east 

Qld. and north east NSW study region. The new, small and fragile industry in 

its infancy had many enthusiastic respondents.  

 

The respondents were mainly growers and sellers of plants and their value-

added products. Less than one third of the respondents were involved in 

propagation, commercialisation and research and development. Most of the 

respondents were growers who were involved in planting of native fruit 

species due to their keen interest or in the bushfood industry. While some 

respondents indicated they grew more than 200 native edible species (seeds, 

herbs/spices, roots, flowers, oils, and vegetables), many had been growing a 

small number of native fruit species as ornamentals due to their personal 

interest. Other growers were growing native species for fresh fruits, seeds and 

for processing, combining their harvest with a wild harvest for an established 

niche market. 

 

1.5.3 Selection of species with high commercial potential 

 

The selection of native fruit species of interest in the south east Qld. and 

north east NSW was done on the basis of the number of growers and sellers 

of a particular plant species and the number selling their products. While 

51.3% of respondents grew native fruit plants, 32.6% of them sold plants 

while only 16.2% were involved in selling processed products (Table 1.2). The 

top fifteen species (Table 1.2) were grown by 25-52.8% and sold by 13.9-

38.9% of the respondents. The percentage of growers involved in selling the 

product of each species ranged from 2.8-27.8% mainly because most 
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growers had young non-fruiting plantations or simply did not process the small 

quantities of fruits from their ornamental trees for commercial purposes.  

 

Each plant contributed a range of products (Table 1.3). From the most 

commonly grown plant species, 60% provided two or more value added 

products. Many of the fruits were used for juices, drinks, and flavourings. 

Fruits picked from all of the fifteen listed species were sold as a fresh product 

at high retail value. Many processed products and cuisines have been 

achieving high values in Sydney and overseas (Cherikoff, 1994) markets. The 

demand for fresh fruits indicated the potential for the development of the 

native fruit species by selective breeding and clonal propagation. The species 

with highest commercial potential (Table 1.4) were determined specifically by 

the respondents on the basis of their accumulated knowledge.   

 

On the basis of popularity in growing for food or food products, the five native 

fruit species chosen to have the highest commercial potential in order of 

priority were; S. luehmanii, D. pruriens, D. jerseyana, C. australasica and P. 

elatus. Many small-scale plantations of the above species were recorded in 

this survey, as also reported by Graham and Hart (1997). In a recent report 

(Gorst, 2000), these species have also been identified to be quite important 

for the growing bushfood industry.   

 

A. dulcis, though commonly grown (50.0%) and sold as plants (27.8%) with 

very tasty fruits was not selected as having high commercial potential 

because the fruit is vulnerable to bruising and damage it has a very short shelf 

life, requires labour intensive hand picking, and has storage and freezing 

problems (Ringer, 1998). It is also widely grown as a ground cover to prevent 

weeds, provide mulch and retain moisture in the soil. While the Rubus spp. 

was grown by 38.9% of the respondents, this included all the native Rubus 

species. The native tamarinds, Diploglottis spp. are important due to their acid 

fruits with high vitamin C, which produces juices and syrups used for cordials 

and flavourings. E. reinwardtiana, a medium sized tree produces large 



A Survey of Edible Australian Native Fruits                                                   Chapter 1 

 

 
35 

amount of slightly sour purple fruits used for jelly and chutney products. P. 

timorense grows into a large tree with fruits 3 - 4.3 cm wide. The edible fruits 

have a large furrowed woody stone and thin layer of pulp used as a food 

source by Aborigines and for tarts and jams by early settlers (Dyer, 1999). A. 

oblongifolia is a shrub with small fruits with strong aroma, thus they are used 

for flavours and fragrances.  

 

1.5.4 Propagation methods and constraints 

 

Propagation problems such as lack of clonal material for elite genotypes, the 

lack of knowledge of propagation techniques, lack of seeds and poor seedling 

growths have affected the development of horticultural activities of native fruit 

species. Australian native plants in the surveyed region have been 

propagated mainly by seeds, cuttings and grafting. Six of the native species 

were propagated by seed only, resulting in much variation in the seedling 

populations. Clonal material has been obtained from some selected plants by 

the use of cuttings, grafting and suckers; for example, midgem berry forms a 

ground cover and propagates easily by layering in moist and shaded 

conditions. Species with high commercial potential such as; S. luehmanii, P.  

elatus, and C. australasica have been propagated by seeds, cuttings and 

grafting, D. pruriens and D. jerseyana have been propagated mostly by 

seeds. The seedless variety, ‘smooth-leafed’ D. johnsonii produces naturally 

occurring clonal material by suckering (Costin, 1996) and has been multiplied 

by use of cuttings to establish garden populations to protect this rare and 

endangered species and to meet the growing demand for this variety 

(Kupsch, 2000).  

 

Selection of elite genotypes is limited except for breeding of C. australasica 

(Sykes, 2002). Clonal propagation via cuttings of some native fruit species 

has been practised (Table 1.5) (Hardwick, 1994 and Rayner, 1997) but 

cuttings obtained from the wild gave poor results compared to potted plants 

(McCarthy, 1995 and Rayner, 1997). Propagation by cuttings has been 
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hindered due to plant pathogens, source of the cuttings, plant growth stage, 

and long juvenile periods. These problems could be overcome by use of 

tissue culture techniques similar to the protocols that have been established 

for many native species (Bunn and Dixon, 1996; Johnson, 1996; Nand et al., 

2004 and Taji and Williams, 1996). 

  

The dioecious plant, P. elatus has six species in Australia. The long juvenile 

period and determination of sex is overcome by the propagation of cuttings of 

‘true to type’ male or female plant (Walpole, 1999). C. australisica has 

monoembryonic seeds (Smith, 1996) that produce trees with variability in fruit 

size, shape and colour. Native rootstocks are used to improve exotic citrus 

species (Sykes, 1997a) and exotic rootstocks have been used to develop 

clonal material for a variety C. australasica - “Rainforest pearl” (Birmingham, 

2001). 

 

1.5.5 Research and development 

 

This investigation revealed that there is a lack of information on horticultural 

aspects such as propagation, taxonomy, harvesting and post-harvest 

management, diseases, and management of superior genotypes (cultivars). 

Previous studies (Ahmed and Johnson, 2000; Hegarty and Hegarty, 2001) 

have also shown that there was lack of information on other agronomic 

aspects such as irrigation requirement, nutrition, nutrition deficiency, toxicity 

symptoms and food safety standards.  

 

Research has been applied to Citrus spp., Syzygium spp., Solanum centrale 

J.M.Black, and non fruit species like B. citriodora and Acacia spp.. A project 

on “Arid Zone Bushtucker” covered several aspects of research and 

development for S. centrale, Acacia sp., and B. citriodora (Ross, 2000 pers. 

com). Information obtained in our survey showed that several Research and 

Development projects had been undertaken jointly with ANPI, RIRDC and 

CSIRO in South Australia since 1996 on Syzgium spp., native herbs and 
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spices, native tamarinds and Acacia spp.. Lack of genetically improved 

cultivars of most species, has led to several joint projects between farmers, 

businesses, Universities, Reconciliation groups, and bushfoods groups, and 

many individuals are now involved in a range of research and development 

activities (Table 1.7) especially to develop elite genotypes for horticultural 

purposes. However, there was an obvious lack of formal research in the 

surveyed region. One of the major issues of concern was the very low level of 

support (2-6%) obtained from QDPI, Government, Local 

Associations/councils, or Universities. Only 12.8% of growers obtained 

support from other growers in terms of information exchange, materials and 

research and development. This was mainly due to individuals working with 

their own selected species of interest and their products and the lack of 

networking.  

 

Previous research has highlighted the lack of information and databases 

(ANBIC, 1996; RIRDC, 1999 and RIRDC, 1997) which has seriously affected 

the growth potential of the bushfood industry. Despite the lack of information 

dissemination to the growers/producers, there was considerable information 

from individuals and organisations already involved in the research and 

development of bushfoods (Geno, 1999; Hegarty and Hegarty 2001, Page 

2004; Ringer, 1997; RIRDC, 1999; Zhao and Agboola, 2004). 

 

1.5.6 Commercialisation and constraints 

 

Commercialisation of native plant species and their products have raised 

issues of intellectual property rights which impede research and development. 

Many respondents (25%) indicated that the major problems in finding markets 

was the legal red tape to market the products because of the issues of rights 

and benefits for production and commercialisation of native fruit products. 

Initiatives however, by the industry organisations, Government and several 

Aboriginal Community groups (Lister, 1998) could expedite the research and 

development for the mutual benefit of all Australians. Issues of Indigenous 
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ecological knowledge and property rights have been reported (Ahmed and 

Johnson, 2000; RIRDC, 2000). Incorporation of these will enhance the 

development of this new industry. Many world class Australian products are 

already on the market (Appendix 1.2). The spiritual and cultural significance of 

plants to Aboriginal people and the need for approval and credit for any 

information and knowledge obtained from the traditional usage has been also 

acknowledged by Cherikoff (1994) and Latz (1995). 

 

Several growers and industry groups listed many grey areas (Lister, 1998) for 

such claims and issues pertaining to commercial benefits and compensation. 

The proposal for development of Indigenous Cultural and Intellectual Property 

Rights Policy by ATSIC caused some concern and potential companies 

decided to halt their search for new pharmaceuticals and drugs due to 

economic concerns (Lister, 1998). Such factors can be resolved in the future 

by the involvement of Aboriginal groups, reconciliation native gardens and 

native eco-tourism projects. 

 

1.6 Conclusions 

 

This study showed that 25% of respondents had difficulty in reaching and 

educating the local market due to their small-scale production. The 

inconsistency in the supply of products and the lack of awareness of true 

value of the products has also affected growth and development of the 

industry. The lack of agronomic and horticultural knowledge and skills, lack of 

research and development, lack of government support and marketing 

strategies are some impeding factors seriously affecting the growers and 

processors. Australia has already lost opportunities; for example, the 

commercialisation of the Macadamia nut in Hawaii and the export of Pearl 

Bluebush (Maireana sedifolia F.Muell.) to Israel, while research is being 

conducted in Israel and United States on Quandong (Beal, 1995a). 
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To obtain maximum benefit from the developing industry, market driven 

research and cultivation of bushfood plants will be necessary.  Consumers will 

also have to be made aware of the benefits of bushfoods by greater 

promotional efforts (Johnson 1998; Downing, 1995) and benefits of natural 

products (Zhao and Agboola, 2007; Forbes-Smith and Paton 2002) from 

bushfoods. There has been very little published horticultural or 

biotechnological research on many native species (Johnson, 1996; Taji and 

Williams 1996). The realisation of the commercial potential (Appendix 1.3) 

and the use of research and development in modern horticultural techniques 

for the selection of genotypes and development of breeding programmes may 

assist in the growth of Australian native fruit plants to a wider range of tropical, 

sub-tropical, arid and cool temperate conditions (Christensen and Beal, 

1998). Australian native plants are highly adapted to harsh conditions and can 

grow effectively in a wider range of conditions. The application of 

biotechnology could assist in expediting the commercialisation of the fledgling 

bushfood industry, in conjunction with the maintenance of a sustainable 

biodiversity (Geno, 1999,) and ecosystem management (Considine, 1996 and 

Stynes, 1997) of Australian native species. Integrated polycultures with 

multiple species could provide a more sustainable (Geno, 2001) bushfood 

production and diversity for the conservation of native species. 

Micropropagation, selection of elite genotypes, disease resistance and 

cryopreservation could be of enormous advantage to the development of 

these fruit species and conservation of germplasm (Ashmore 1997; Daggard, 

1996; Drew, 1998; Johnson, 1996, Taji and Williams, 1996). Genetic analysis 

of Davidsonia species and many species as discussed in Chapter 5 has been 

made possible by new molecular technologies.  

  

The survey was conducted to identify the species with highest commercial 

potential in terms of use of fruits and the utilisation of fruits for value added 

products (Appendix 1.2 and 1.3). From the five native fruit species selected 

with highest potential, Davidsonia species was selected for tissue culture and 

genetic studies for the following reasons. 
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 There was:  

1.  high popularity and interest amongst the growers and processors 

2. no established clonal multiplication protocol for any of the Davidsonia  

    species 

3. a dilemma in their classification status at the time of study  

4.  a lack of population genetic studies on all species 

5.  a high retail value of fresh fruits and processed products 

6.  relatively large fruit sizes available from all three different species 

7.  a wide range of products including wine and liqueurs  

8.  a higher adaptability range from tropical eastern coasts of north  

    Qld. (D. pruriens) to sub-tropical northern NSW (all species)  

9. a high interest in the seedless D. johnsonii for commercial development 

10. a difficulty in propagation of D. pruriens and D. jerseyana from cuttings 

 

Apart from Davidsonia species, other fruit species such as A. dulcis, C. 

australasica and C. australis, Diploglottis spp, P. timorense, P. elatus and S. 

luehmanii were considered as high priority in the study region. Though RIRDC 

has invested over $1.5 million (RIRDC, 2007) in several native foods projects 

over the past five years the support of state and national bodies such as 

Queensland Bushfoods Association, South Australian Bushfoods 

Assocaiation, Botanic Gardens in NSW and WA, ANBIC, SGAP and a 

recently formed national body ANFIL will be greatly beneficial in the 

development and sustainability of the fledgling industry.   
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Appendix 1.1 
 

SUPPLEMENTARY DATA USED IN THE RESULTS AND DISCUSSION 

 
Table 1.10: The major constraints or problems faced by the number of 
growers in the propagation of Australian native fruit species 
 

Constraint or problem Number of growers 

Lack of seeds 10 

Low, erratic or staggered germination  6 

Seed storage  No storage 

Poor seedling growth  5 

Poor root induction of cuttings 5 

Lack of knowledge of propagation techniques 5 

Lack of elite genotypes 4 

Infestation by fungus 1 

Damage by other animals 3 

Determination of sex of dioecious species 1 

Optimum picking time 2 
 

 

Table 1.11: The number of processors having problems in processing of their 
Australian native fruits 
 

Problem  Yes No 

Time consuming 2  

Lack of R & D 5  

Need to maintain niche market for regional development 2 1 

Unsuitable equipment for harvesting and processing 5  

Removal of resins or tannins for jams and sauces  2 

Lack of continuous fruit supply for processing 5  

Freezing and storage requirement and methods 4 1 

 

 

Table 1.12: Number of respondents indicating the difficulty in finding market 
for their products 
 

Problem Yes No 

Insufficient product  2 4 

Lack consistent supply of product 4 2 

Products unknown to the retail industry 4 2 

Lack of public education and awareness to reach local market 5 1 

Legal red tape to market products – legal rights issues 5 2 
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Appendix 1.2 

 
Plate 1.2.  Some of the products for international and local markets from 

Cherikoff (http://www.dining-downunder.com/shop/)  

 
Dining Downunder Cookbook with Australian spices and 

seasonings 
AUD$90.00  

 
Rainforest Mist (80g) (up to 

250 x 1 sec sprays) 
AUD$22.68  

 
Chef and Restaurant Native Australian 

Package 
AUD$200.00  

 
Paperbark Smoke Oil 150ml 

AUD$15.45  

 
Macadamia Nut Oil 

AUD$9.95  

 
Australian Menu Planning Guide 

AUD$20.00  

 
Wattleseed Ground 100g 

AUD$13.10  

 
Lemon Myrtle Sprinkle 

AUD$10.95  

 
Native Australian Gourmet Gift Package 

AUD$75.00  

 

 

http://www.dining-downunder.com/shop/
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=6
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=6
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=25
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=25
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=51
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=51
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=22
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=49
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=38
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=14
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=9
http://www.dining-downunder.com/shop/index.php?main_page=product_info&products_id=50
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Appendix 1.3 

Table 1.13: The most common native species and their products being developed for commercial purposes and their estimated volume and value. 

Source:http://www.cse.csiro.au/research/nativefoods/ 

 
 

Common 

Name 

Scientific 

name 

(Main 

species) 

Distri- 

bution 

Part 

used 

Flavour Uses Food 

safety 

Commercial uses Wild 

harvest 

Commercial 

Plantings 

 

Retail 

Price 

per kg 

Trading 

Volume 

Estimate.  

Tons pa. (2001) 

Acacias 

(Wattle 

seeds)  

Acacia  

victoriae 

Austra;li

a 

wide 

Seed Nutty on 

roasting 

Sweet, savoury 

protein, low GI, 

diets 

Toxicity 

destroyed 

on heat 

Tannis, stach, oil, 

protein 

Approx 

90% 

<10% 

SA,Vic 

$32-$42 for 

dry 

/roasted 

10-20 

Native 

Citrus 

Citrus 

glauca or 

australasica

, 

NSW 

Qld 

Fruit Strong 

citrus 

Sweet, savoury, 

jams, conserves, 

sauces 

None Fresh or frozen fruits Qld, NSW 

 

SA, 

Qld, NSW 

 

$13- $30 

species 

10-17 

Davidson’

s 

plum 

Davidsonia 

pruriens or 

jerseyana 

Nth Qld 

NE NSW 

Friut Sour tart -

plum 

Jams, wine, 

conserves, sauce, 

flavourings  

None Fruits Qld Nth. Qld  

NENSW 

$15-24 4-6 

Illawarra 

Plum. 

Podocarpus 

elatus 

Sth. Qld. 

NENSW 

Fruit Plum pine Sweet, savoury,  

 

None Jams, 

conserves 

Sth. Qld. 

NENSW 

Sth. Qld. 

NENSW 

$30 2-4 

Lemon 

Aspen 

Acronychia 

acidula 

Qld 

NENSW 

Fruit Strong 

acid 

lemon 

Sweet savoury 

flavours 

None Sauces, 

chutney, 

relishes, drinks 

>90-

100% 

Qld 

Qld coasts 

NENSW 

$26 6-12 

Lemon 

myrtle 

Backhousia 

citriodora 

Tropical 

Qld 

Leaf, 

flowers 

Strong 

lemon 

Beverages,  

bead, biscuits, 

syrup, oil, sauces, 

liqueurs, 

flavourings 

None Deodrants, 

cosmetics 

disinfectants, 

soaps, 

creams 

Very low SE Qld. 

NSW 

SA 

$36-55 10-15 

Mountain 

Pepper 

Tasmannia 

lanceolata 

Tasmania 

SE 

Australia 

Leaves 

fruit 

Hot 

pepper/ 

chilli 

Savoury spice None spice, mustard, 

dipping sauce, 

essential oil, liqueur. 

Tasmania 

Victoria 

Tasmania 

Victoria, 

SA 

 

Fruit $36-78 

Leaf $15-58 

2.5-3.0 

Muntries Kunzea 

pomifera 

Vic 

SA 

Fruit Spicy 

appl 

sweet savoury  None Jams, 

conserves, chutneys  

relishes, fruit chews 

Mostly 

Wild 

SA 

SA $18-20 5-10 

Quandong Santalum 

acuminatum 

SE 

Australia 

Fruit Tart, 

peachy, 

apricot, 

rhubarb 

sweet savoury None Liqueur,  

jams, sauces,  

;/conserves, 

confectionary, dairy 

product, baked 

goods,  

75%  

SA 

SA NSW $38-75 >25 

 
The prices per kg shows lowest prices for fresh or frozen products and highest prices for treated, heated, baked or dried, ground and/or  
processed product.        
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CHAPTER 2 

 

 

Micropropagation of two Australian native fruit 

species, Davidsonia pruriens (F. Muell.) and  

Davidsonia jerseyana (F. Muell. ex F.M. Bailey) G. 

Harden & J.B. Williams.  

 

 

 

 

 

 

                                Plate 2                Photo N. Nand (March, 2004)
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2.1 Abstract  

 

Nodal explants from in vitro grown seedlings of D. pruriens and D. jerseyana, 

established on MS media were treated with various concentrations of three 

cytokinins. D. pruriens developed optimum shoot growth in terms of shoot 

height and number of leaves per shoot when 1.0 µM BA was added to basal 

MS medium while optimum shoot growth for D. jerseyana was obtained when 

0.01 µM 2iP was added to the medium. Optimum root initiation and 

development was obtained when actively growing axillary shoots were 

cultured on ½ MS medium plus 32.2 µM IBA for three to five days for D. 

pruriens and two to three days for D. jerseyana before transfer to PGR-free 

medium containing 10 µM riboflavin. Root initiation of more than 80% was 

achieved with multiple genotypes of D. pruriens and three genotypes of D. 

jerseyana using juvenile material. The plantlets were transferred to pots and 

grown in the greenhouse with a success rate of 60% for D. pruriens and 75% 

for D. jerseyana. Adult D. jerseyana stem explants produced 2-5 shoots per 

nodal explant upon treatment with 0.1 µM BA. Side shoots from adult D. 

jerseyana produced similar results for shoot multiplication as for juvenile 

material. Protocol for multiplication of adult D. pruriens was achieved with 

much greater difficulty by using material from the green house. Axillary shoots 

were initiated when 100 µM TDZ was applied to the stem of an adult pot plant 

and the resultant side shoots were cultured on MS medium containing 1.0 µM 

BA and 1.0 µM GA3. 

______________________________________________________________ 

Published: Micropropagation of two Australian native fruit species, Davidsonia pruriens and 
Davidsonia jerseyana G. Harden & J.B. Williams by Narendra Nand, Roderick A. Drew & 
Sarah Ashmore. Plant Cell Tissue and Organ Culture 77:193-201, 2004.  
Roderick A. Drew and Sarah Ashmore of the School of Biomolecular and Physical Sciences 
were my supervisors for this PhD program. 
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2.2 Introduction  

 

Davidsonia pruriens (F.Muell) and Davidsonia jerseyana (F.Muell. ex 

F.M.Bailey) G. Harden & J.B. Williams, are two Australian-native species with 

a high commercial potential and there is a need for clonal propagation of elite 

genotypes by tissue culture. Commonly known as Davidsons’s plum (Floyd, 

1961) (family Cunoniaceae) (Harden and Williams, 2000) or Ooray of Tully 

River (Bailey, 1904), the fruits of these species were popular among the 

indigenous people (Roberts et al., 1990). Davidsonia fruits are similar to 

European plum in form, colour, size and flavour but have a rather tart or sour 

taste and are thus unpalatable either raw or ripe  (Cribb and Cribb, 1974; 

Low, 1991). The brilliant red ripe pulp makes delicious wines, jams, sauces, 

jelly, juice, flavours, desserts, salad dressings, preserves, conserves and 

confectionary (Ahmed and Johnson, 2000; Graham and Hart, 1997; 

Hardwick, 1996) and is an excellent substitute for vinegar (Cherikoff, 1994). 

The tree forms a beautiful symmetrical crown with frequent flushes of pink 

new growth and bunches of pink flowers in early spring, and numerous green 

fruits that ripen to a bright purple colour of different sizes making it an 

attractive ornamental plant (Cribb and Cribb, 1974).  

 

D. pruriens is a north Qld. species suited to a tropical climate. It produces 

large fruits (50-130g) with two seeds, one of which is usually viable and the 

other degenerative. D. jerseyana is a northern NSW species suited to sub-

tropical climates and produces smaller fruits (25-80g) with two firm and viable 

seeds. Both these species are listed as endangered species in Australia 

(Briggs and Leigh, 1996).  

 

Seed is the main method of propagation (Ahmed and Johnson, 2000), 

however, it results in considerable diversity within plantings though D. 

pruriens and D. jerseyana have been propagated by cuttings. Clonal 

propagation (Hardwick, 1996) by tissue culture would, however, expedite 

multiplication of selected elite genotypes, development of disease free 
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commercial plantations and aid in species conservation by preventing the 

need for wild harvests. Though protocols have been developed for low cost 

clonal propagation of several species of Australian native endangered 

species (Bunn and Dixon, 1996; Jusaitis, 1991; McComb, 1985; McComb et 

al., 1996; Taji and Williams, 1996), none are available for Davidsonia species. 

This chapter describes the development of protocols for micropropagation of 

D. pruriens and D.  jerseyana using juvenile and adult plant tissues.  

 

 

2.3 Materials and Methods 

 

2.3.1 Plant material 

 

Fruits from D. pruriens were collected from Sherwood Park, Brisbane in 

South-East Qld., while fruits of D. jerseyana were obtained from MNBTN in 

north east NSW. Shoots were obtained from 6-7-year old D. jerseyana and D. 

pruriens obtained from a commercial nursery and grown in 30 cm pots in the 

green house with normal daylight and a temperature range of 4-35 C. 

  

2.3.2 Establishment of seedlings in vitro 

 

Mature green and purple fruits were surface disinfested by washing in tap 

water, then dipping in 70% ethanol, and flamed for 5-10 seconds. The seeds 

were aseptically removed by carefully cutting open the seed coat on the 

radicle end. The transparent epidermal protective layer of the seed was 

carefully scraped or peeled off to prevent exudation of phenolic compounds. 

Seeds were placed on 20 ml of MS (Murashige and Skoog, 1962) medium in 

12 cm x 3 cm polycarbonate screw cap tubes. The medium contained 3% 

sucrose and 8 g l-1 Difco bacto agar. The pH was adjusted to 5.65 before 

autoclaving at 121 ºC for 20 min. Cultures were incubated at 28 ºC for 16 

hour days with cool white fluorescent tubes providing a photosynthetic photon 

flux (PPF) of 20 µmol m-2 s-1 for 6-8 weeks. Seeds were transferred to a new 
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position on the same medium if there was any sign of phenolic exudation 

observed as blackening of the medium. About 160 seedlings were 

successfully germinated and grown from 180 seeds. 

 

2.3.3 In vitro shoot growth of juvenile tissue 

 

Single nodal sections of 8-10 mm of 6-8 week old in vitro seedlings were 

dissected and placed on MS media containing either 0, 0.01, 0.1, and 1.0 µM 

benzyladenine (BA) (both species), 0, 0.1, 1.0 and 10 µM isopentenyladenine 

(2iP) (both species) or 0, 0.1, 1.0 and 10 µM kinetin (D. pruriens only). 

Cultures were incubated at 28 ºC and a PPF of 20 µ -2 s-1. The number 

of days to bud break (visible appearance) was recorded. The shoot height, 

number of leaves greater than 5 mm, maximum leaf length attained by any 

single leaf and leaf quality using a rating from poorest (1) to best (4) was 

recorded after 28 days for D. jerseyana and 45 days for D. pruriens. Each 

treatment contained 20 replicate explants that were randomly allocated.  

 

2.3.4 In vitro shoot culture of adult tissues 

 

Stem explants from side shoots of an adult (6-year old) D jerseyana, were 

surface sterilized by washing under running tap water for 30 minutes, then 

immersed in 100 ml of 10% benzylconium chloride with 2 drops of tween for 

20 minutes. The explants were rinsed twice with 100 ml of sterilised water 

(SW), immersed in 100 ml of 10% sodium hypochlorite (NaOCl) solution for 

15-20 minutes and then rinsed three times with SW. The explants were 

placed onto MS medium containing 0, 0.01 and 0.1 µM BA for 4 weeks. 

Shoots were sub-cultured on PGR-free MS medium for 4 weeks and then 

used in rooting experiments.  

 

Axillary shoots were initiated on a 7-year old D. pruriens growing in a pot. A 

1.0 cm wide cotton wool pad soaked in 100 µM TDZ was taped at a height of 

10 cm from soil, around a 2.0 cm diameter thick on a 85 cm tall tree. After 8 
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weeks the axillary shoots (5-8 mm) were excised, the ends sealed with 

molten candle wax and then disinfested. The tips were washed in 100 ml of 

SW, and placed in 100 ml of 10% domestos under vacuum for 10 minutes 

followed by three washings in SW. Active ingredients in hospital grade 

disinfectant, domestos, were sodium hypochlorite (49.9 g l-1), available 

chlorine (5.0% m/v), sodium hydroxide (12.2 g l-1), and alkaline salts 0.5 g l-1. 

The shoot tips were cultured on MS medium containing 1.0 µM BA and 1.0 

µM GA3. 

 

2.3.5 In vitro root growth 

 

A more detailed study on the effect of the duration of exposure to 32.2 µM 

indolebutyric acid (IBA) was undertaken after it produced a faster response 

(Figure 3) in experiments when axillary shoots were exposed to 0, 10, 32.2 or 

100 µM IBA for 0, 6, 12 and 30 days on ½ MS medium.   

 

Actively growing axillary shoots of D. pruriens, and D. jerseyana from juvenile 

shoot cultures 8-10 mm long, were excised and placed on ½ MS with 32.2 µM 

IBA for 0, 1, 3, 5, 8 and 12 days (D. pruriens) or 0, 1, 2, 3, 5, and 7 days (D. 

jerseyana). Treated shoots were then transferred to PGR-free ½ MS medium 

containing 10.0 µM riboflavin (RM). The number of days to appearance of first 

root(s), the total number of roots and the maximum length of roots after 30 

days of incubation, were recorded for 20 replicates of each treatment. Amount 

of callusing and shoot height were recorded. 

 

Shoots of adult tissue of D. jerseyana were cultured on medium containing 

32.2 µm IBA for 3 days before transfer to RM. Rooted plants were transferred 

to pots after acclimatization. Adult D. pruriens shoots were transferred to 

fresh medium for further multiplication before rooting. 
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2.3.6 Data analysis 

 

Data were subjected to analysis of variance (ANOVA), using a Microsoft 

Excel 1997 programme. 

 

 

2.4 Results 

 

2.4.1 In vitro shoot development from juvenile tissues 

 

Each D. pruriens seed grown in vitro produced 1-7 seedlings. Some seedlings 

from the same seed shared cotyledons, while others developed their own 

cotyledons and grew into separate individual seedlings. Seeds of 37% of 

samples produced two or more and 8.5% produced three or more seedlings 

per seed. However, some lacked vigour and failed to develop roots or leaves 

and eventually died. Seeds of D. jerseyana produced single seedlings but at 

times produced 2-3 shoots from cotyledonary nodes increasing the number of 

shoots per seedling. After 6-8 weeks of in vitro growth, seedlings of both 

varieties had obtained heights of 5-8 cm with 3-6 nodes. 

 

Growth of shoots of D. pruriens from nodal sections without the addition of 

cytokinins to the culture medium was poor (Table 2.1). In preliminary 

experiments (data not shown) using a wide range of cytokinin concentrations, 

high cytokinin concentration (10 µM BA and greater than 10 µM 2iP or kinetin) 

resulted in poor shoot quality, hyperhydricity and in some cases production of 

multiple shoots of poor quality. For growth of shoots of D. pruriens, 1.0 µM BA 

was the best treatment as measured by shoot height and number of leaves 

per shoot. However, the best shoot quality was obtained with lower 

concentrations of BA (0.01 and 0.1 µM) and 0.1 to 1.0 µM of 2iP and kinetin 

(Table 2.1). Addition of kinetin, 2iP and the highest level of BA (1.0 µM) 

reduced time to bud break compared to the control treatment. Leaf number 
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increased with BA concentration, as did the tendency to produce multiple 

shoots at the nodes.  

 

Table 2.1: Effect of various cytokinin concentrations on the growth response of 
axillary shoots of D. pruriens from in vitro seedlings.  
 

Cytokinin 

treatment    ( M) 

Bud 
break 
(days) 

Shoot 
height 
(mm) 

Leaf 
length 
(cm) 

Number 
of leaves 

Leaf quality 
(0-4 rating) 

Control 0.0 5.70 a 1.03 a  2.12 a  3.80 b 3.20 b 
BA 0.01 

0.10 
1.0 

5.89 a 
5.65 ab 
5.55 bc 

1.03 a  
2.19 d 
8.25 e 

2.12 a  
2.92 e 
2.48 b 

3.85 b 
4.35 c 
6.20 d 

3.65 d 
3.50 cd 
2.75 b 

2iP 0.1 
1.0 

10.0 

5.45 bc 
5.55 bc 
5.25 cd 

1.95 c 
2.05 d 
1.52 b 

2.67 c 
2.74 cd 
2.01 a 

4.15 c 
3.35 a 
3.51 a 

3.60 d 
3.40 c 
2.20 a 

kinetin 0.1 
1.0 

10.0 

5.55 bc 
5.10 d 
5.40 c 

2.18 d 
1.73 c 
1.10 a  

2.54 bc 
2.65 c 
2.00 a 

4.15 c 
3.35 a 
3.50 a 

3.60 d 
3.40 c 
2.20 a 

Days to bud break, shoot height, maximum leaf length, number of leaves, and leaf quality 
(1, poorest – 4, best), was recorded 45 days after cytokinin treatment. Mean values denoted as a, 
b, c, d, and e differ significantly at p<0.01 within each column. 
 

 

Growth of shoots was slower and more difficult to achieve with D. pruriens 

than with D. jerseyana and there was inconsistency in the pattern of results 

for each species. It was noted that the response by D. pruriens to 2iP and 

kinetin was quite similar, thus only BA and 2iP were used for D. jerseyana. In 

contrast to their effect on D. pruriens; addition of cytokinins significantly 

(p<0.01) delayed bud break in nodal explants of D. jerseyana (Figure 2.1). 

Despite this initial delay, optimum shoot growth for D. jerseyana in terms of 

both shoot height and leaf length was obtained with 0.01 µM 2iP. 

Concentration of 0.01 µM was also the best 2iP treatment in terms of number 

of leaves per shoot. The effect of BA on the shoot height also showed a 

marked difference in response for both the species. Shoot height of D. 

jerseyana decreased with higher levels of BA (0.1 and 1.0 µM). Low 

concentrations of 2iP resulted in better shoot quality than BA because higher 

concentrations of both cytokinins produced poor quality shoots (results not 

shown). As with D. pruriens, increasing BA concentrations increased the 
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mean number of leaves per shoot and the tendency to produce multiple 

shoots in D. jerseyana cultures. Highest concentrations of both cytokinins 

caused hyperhydricity in some cultures.  
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Figure 2.1. Effect of various concentrations of two cytokinins on shooting response of D. 
jerseyana nodal explants in tissue culture. (a) Time to bud break; (b) Shoot height; (c) Leaf 
length; (d) Number of leaves. Mean values denoted as a, b, c, d, e, and f differ significantly at 
p< 0.01. 

 

2.4.2 In vitro shoot development from adult tissues 

 

Success rate of 80-100% was obtained in disinfestations of adult D. jerseyana 

side shoots producing 2-5 nodes from each explant. Each node then 

produced 2-5 shoots on 0, 0.01 and 0.1 µM BA (mean 3.2  0.3) in 6 weeks 

(Table 2.2) thus giving a maximum of 25 explants after two sub-cultures in 12 

weeks (Figure 2.2A).  

 

 Axillary buds of adult D. pruriens had appeared on the plant in pots after 

three weeks of exposure to 100 µM TDZ but grew slowly over six weeks to 5-

8 mm length (Figure 2D) forming 1 or 2 leaves. Sterilization of 100 % was 

obtained for these axillary shoots and they produced 1-3 shoots of 5-20 mm 
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height after 6 weeks of incubation on medium containing 1.0 µM BA and 1.0 

µM GA3.  Dissected individual shoots then produced single shoots 10-30 mm 

in height after 6 weeks of incubation on MS medium containing 1.0 µM GA3. 

 
Table 2.2. Resopnse of adult D. jerseyana and D. pruriens to various cytokinin 
and/or auxin treatments. 
 

Species Explant Treatment Survival  
% 

Explants 
with roots 
 % 

Mean number 

of shoots SD 

D. jerseyana Node.        0.0 µ M BA 
0.01µM BA 
0.1 µM BA 

80 
100 
100 

100 
100 
100 

3.1 0.3 ac 

3.1 0.3 ac 

3.2 0.3 ac 
D. jerseyana Apex 1.0 µM BA 

1.0 µM NAA 
90 100 4.6 0.4 bc 

 
D. pruriens Axillary 

shoot 
1.0 µM BA 
1.0 µM GA3 

60 72 1.9 0.5 abc 
 

Data were collected after 6 weeks of culture and expressed as mean  SD. Different letters 
represent statistically different values (p<0.05). 

 

 

2.4.3 In vitro root development 

 

For D. pruriens, IBA at 32.2 µM was significantly better than the other IBA 

treatments (Figure 2.3) as determined by all measured parameters (% 

rooting, time to root appearance, root number, and root length). There was 

little effect on rooting response at 10 µM IBA with only 13% and 20% 

response after 13 and 20 days of exposure respectively (Figure 2.3). Root 

response improved at 100 µM IBA concentration with best response at 6-day 

(60%) exposure but declined (40%) at longer periods of exposure time. 

  

Root response in D. pruriens (Figure 2.4) showed that the optimum exposure 

time in terms of root appearance and maximum root length was at 1, 3, 5, and 

8 days where the most number of roots obtained were at 3 and 5 days. Root 

length was greatest at 1, 3, and 5 days of exposure with no root callusing 

even though the explant bases became thickened. 
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Figure 2.2. Microprppagation of Davidsonia species. (A) Multiplication of D. jerseyana in vitro 
from nodal section explants of adult plant on MS containing 0.1 µM BA; (B) In vitro shoots of 
D. pruriens with roots initiated with 32.2 µM IBA and cultured on ½MS containing 10 µM 
riboflavin; (C) Hardened D. jerseyana plantlets 3 months after potting; (D) Axillary buds 
initiated on mature D. pruriens in a pot in green house with the application of 100 µM TDZ. 

 

 

The thickened bases and the roots became callused at 8 and 12 days of 

exposure, corresponding to a poorer rooting response. The best treatment for 

root development in terms of days to root appearance, number of roots and 

the longest roots was 5 days exposure to 32.2 µM IBA.   
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Figure 2.3. Effect of IBA concentration on rooting response of D. pruriens in tissue culture. (a) 

% rooting; (b) Time to appearance of first root; (c) Number of roots; (d) Maximum root length. 

a, b, c, d, e and f differ significantly at p<0.01.  
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Figure 2.4. Effect of duration of exposure to 32.3 µM IBA on rooting of D. pruriens nodal 
explants in tissue culture. (a) % rooting and time to appearance of first root; (b) Number of 
roots and maximum root length. a, b, c and d differ significantly at (p<0.01). 

 
 
For D. jerseyana the optimum time to root appearance was attained at 2 and 

3 days of exposure with maximum number of roots after 1, 2, and 3 days, and 

maximum root lengths after 2, 3, and 5 days of exposure to 32.2 µM IBA 

(Figure 2.5). While the overall best rooting response for D. jerseyana, was at 

2 or 3 days of exposure there was a higher callusing of roots and increased 

callusing of the thickened bases at more than 3 days of exposure.  

 

Adult D. jerseyana root response was 78% for 3-day exposure to 32.2 µM IBA 

recorded after 4 weeks and there was no significant difference (p<0.5) in the 

number of roots per explant compared to juvenile tissues (results not shown).  
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Figure 2.5. Effect of duration of exposure to 32.3 µM IBA on rooting of D. jerseyana nodal 

explants in tissue culture. (a) % rooting and time to appearance of first root; (b) Number of 

roots and maximum root length. a, b and c differ significantly at p<0.01. 

 

 

2.5 Discussion 

 

D. pruriens and D. jerseyana are native to tropical north Qld. and to sub-

tropical north NSW climates respectively. Both these species are separated 

by more than one thousand kilometers and have quite distinct growth habits, 

flower positions, fruit sizes, fruiting times, yields, maturity time (1-3 years for 

D. jerseyana and 3-5 years for D. pruriens), number of viable seeds and 

number of seedlings per seed as found in this investigation. D. jerseyana 

produces single seedlings where as D. pruriens produces multiple (1-7) 

seedlings, an important feature that has not been previously reported. 

Similarly, differences were observed in their in vitro behaviour. D. jerseyana 
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grew much more easily even without exogenous PGRs in vitro than D. 

pruriens. D. pruriens responded only to relatively high concentrations of 

exogenous cytokinins and had a much slower response to a relatively high 

concentration of auxin (32.2 µM IBA) for rhizogenesis. However, 10 µM IBA 

was found to be optimum for rhizogenesis in other tree species: Azadirachta 

indica A. Juss. (Drew, 1996b), Coffee Arabica L. (Drew, 1991a), Eucalyptus 

species (McComb et al., 1996) and Verticordia spp. (McComb et al., 1986). 

Riboflavin, which causes the degradation of excess IBA, reducing post 

treatment effects and enhancing healthy root development (Drew, 1987; Drew 

et al., 1993), was also beneficial in these experiments when used in PGR-free 

medium after shoots were transferred from root initiation medium containing 

IBA. 

 

This study supports Elliot and Jones (1984), Hardwick (1996) and Harden and 

Williams (2000) for retaining D. pruriens and D. jerseyana as distinct species. 

Von Mueller and FM Bailey (Harden and Williams, 2000) and Bange (1952) 

identified both of these in a single genera, Davidsonia family Davidsoniaceae 

as D. pruriens var. pruriens and D. jerseyana var. jerseyana. However, the 

revision of Davidsonia (Harden and Williams, 2000) has now placed 

Davidsonia in family Cunoniaceae with three distinct species D. pruriens, D. 

jerseyana and a seedless species (Costin, 1996) D. johnsonii. Presumably, 

the dilemma will now be resolved, but there are challenges warranting further 

research to confirm the true taxonomic status of the Davidsonia species and 

to establish evidence of polyembryony in D. pruriens.  

 

Shoot multiplication protocols have been publicized previously for other fruit 

trees such as Prunus spp. and Malus spp. (George, 1996), several fruit trees 

(Bajaj, 1996) and Australian native fruit species (Barlass et al., 1981), rare 

and endangered species (Williams and Taji, 1985) and woody tree species 

such as Eucalyptus spp. (de Fossard, 1974). The technique used for 

micropropagation of Davidsonia spp. in these experiments is similar to that 

used previously for A. indica A.Juss (Drew, 1996b), Carica papaya L. (Drew, 



Micropropagation                                                                                           Chapter 2  

 

 59 

1992), Coffee arabica L. (Drew, 1991a), Eucalyptus species (McComb et al., 

1996), M. tetraphylla (Mulwa and Bhalla, 2000) and Passiflora edulis x P. 

edulis f. flavicarpa (Drew, 1997b). Micropagation was achieved by subculture 

of nodal sections from apically dominant shoots that were grown in vitro and 

from mature explants obtained from pot plants and field grown plants. Shoots 

that developed from axillary buds of nodal sections were rooted as micro-

cuttings. The advantage of this technique is that it is not prone to production 

of genetic off-types (Drew, 1996a) and this is very important when clonally 

propagating selected genotypes of a fruit tree species. 

  

A protocol developed in this research for best multiplication of shoots used 

1.0 µM BA for D. pruriens and 0.01 µM 2iP for D. jerseyana to promote 

growth of shoots from nodal sections of juvenile material. Optimum root 

response was achieved after exposure to 32.3 µM IBA for 3-5 days for D. 

pruriens, and 2-3 days for D. jerseyana. Multiplication of D. jerseyana was 

both easier and faster since 4-5 nodes were obtained per single explant 

within 4-6 weeks. Each of the nodes transferred to PGR-free media provided 

a minimum number of 4 nodes, thus a total of 16 axillary shoots per node 

were produced for rooting. These could have been potted after another four 

weeks providing 16 plantlets in twelve weeks, which is equivalent to a 

minimum of 64 plantlets per seedling after twelve weeks. Adult tissues (nodes 

and apices) of D. jerseyana also produced 2-5 nodes from each explant thus 

providing up maximum of 25 shoots per explant in 12 weeks. Since there was 

no significant difference between 0.01 and 0.1 µM BA and 2iP concentrations 

at 5% level for the multiplication of D. jerseyana, BA was used for the 

multiplication of adult tissues for both the species.    

 

 Juvenile tissues of D. pruriens on the other hand, produced 3-4 nodes from a 

single treated explant. These nodes upon second subculture on PGR-free 

media provided a minimum of 3 nodes thus a total of 9 axillary shoots for 

rooting after six weeks and took another six weeks for a suitable plantlet for 

potting. Thus D. pruriens would have produced a minimum of only 27 
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plantlets per seedling with three nodes in 18 weeks despite multiple seedlings 

from single seeds. Axillary shoots of adult D. pruriens produced 1-3 shoots 

(mean 1.9  0.5) sub-cultured MS medium containing 1.0 µM BA and 1.0 µM 

GA3 after 12 weeks. 

 

Apart from low multiplication rate D. pruriens exhibited serious 

contaminations, exudation of phenolics and caused necrosis of tissues, 

consistent with some other species (Preece and Compton, 1991). This 

problem was overcome by relocating the explant on the same medium after 

3-4 days or to fresh media. Decontamination and multiplication success in 

mature tissues was achieved by the use of 0.1% antioxidant from the time of 

dissection to the stage of inoculation in the growth medium. 

Polyvinylpyrrolidone (PVP), activated charcoal or ascorbic acid has been 

used to considerably reduce, if not completely stop the exudation of phenolics 

into the media (Chevre et al., 1983; Nambiar and Iyer, 1988; Wang and 

Charles, 1991) and was also used in some trials with D. pruriens. There was 

no phenolic exudate problem with D. jerseyana. The addition of GA3 (Bennett 

and Davis, 1986) helped in significant elongation (p<0.5) of shoots of D. 

pruriens (results not shown) and thus was used in the elongation of adult 

shoots. Rooting in adult shoots of D. jerseyana was similar to juvenile tissues 

and the plantlets could be easily established in pots.   

 

As recorded for Eucalyptus species (Gupta et al., 1981) and other woody 

species (McCown and Lloyd, 1982; Tricoli et al., 1985; McCown and 

McCown, 1987) there had been considerable variations in media 

preparations. Manipulations of chemical and physical factors of the media and 

interactions between them, has been emphasized and utilized (Johnson, 

1996; Williams and Taji, 1987, 1991; Winney, 1988) for successful tissue 

culture development of several Australian native species adapted to a wide 

range of harsh climatic conditions.  
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2.6 Conclusions 

 

A survey of growers of Australian native fruits conducted in 2000 (Chapter 1) 

found that adult material had been propagated from cuttings and we have 

now micropropagated them from 6-7 year old pot plants. Protocols developed 

for the micropropagation in this paper did not show evidence of any off-types 

at any stage of the experiments and thus the multiplication system appears to 

be suitable for rapid clonal propagation of the two species. Protocols used for 

multiplication of adult tissues can now be applied to field grown material and 

could be further developed for rapid clonal propagation of selected 

genotypes. This would enable the nurserymen and growers to meet the 

market demands for Davidsonia plants for commercial plantings (Hardwick, 

1996) and help protect endangered Davidsonia genetic resources.  

 



 

Organogenesis in Davidsonia species                                                             Chapter 3 

 

62 

 

 

 

 

CHAPTER 3 

 

 

 

 

Organogenesis in Davidsonia species – 

an Australian native plum 

 

  

        

             Plate 3 Photo: N. Nand (2003) 
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3.1 Abstract 

 

Davidsonia pruriens F. Muell., D. jerseyana, and D. johnsonii are three 

Australian native bushfood species, commonly known as Davidon’s plum. 

The NSW species are listed as endangered in situ. An increase in wild 

harvests and demands for orchard cultivation necessitates the development 

of methods for rapid propagation. Previous tissue culture research developed 

efficient protocols for meristem micropropagation of D. jerseyana relying on 

juvenile tissue, while D. pruriens proved recalcitrant to such an approach. 

The current study demonstrated that Davidsonia species are organogenic 

and no embryogenesis was observed in any treatment. Protocols for 

organogenesis in two cultivated Davidson’s plum species were developed. 

Leaves of D. jerseyana treated with low concentrations of TDZ and NAA 

readily produced friable callus, which developed into organogenic shoots 

when transferred to PGR-free medium for 4-6 weeks. Adventitious shoots 

were successfully formed via organogenesis from cotyledons, nodes, 

internodes, and leaf explants of seedlings, and from internodes, petioles, and 

leaf explants of mature plants after 2-3 days (D. jerseyana) and 7-9 days (D. 

pruriens) with treatment of 1.0 µm TDZ and 1.0 µm NAA. Leaf explants of D. 

johnsonii formed friable callus with 2.5 µM 2,4-D and very low concentrations 

of BA  or  with 10.0 µM 2,4-D and in combination with very low concentrations 

of TDZ, but did not produce any shoots. Increasing concentrations of TDZ 

killed the D. johnsonii mature leaf explants. No embryogenesis was observed 

in any treatment. Shoots regenerated via organogenesis is an efficient 

system for applications such as genetic engineering, obtaining somaclonal 

variants, hybridization and cryopreservation and is highly desirable for the 

thick and hairy shoots of Davidsonia species. However, the ability to obtain 

shoots by direct organogenesis from mature D. pruriens and D. jerseyana is 

valuable for maintaining genetic integrity in clonal multiplication of elite 

genotypes.                            _______________________________________ 

 
Submitted to Biologia Plantarum under the title: Organogenesis in Davidsonia species- an 
Australian native plum by N.Nand, R. A. Drew, S.E. Ashmore and C. P. Peace. R. A. Drew 
and S.E.Ashmore were my supervisors.  R. A. Drew and C.P. Peace assisted in editing. 
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3.2 Introduction 

 

Davidsonia pruriens F. Muell., native to north Qld. and D. jerseyana F. Muell. 

ex F.M. Bailey and D. johnsonii G. Harden and J.B. Williams, native to 

northern NSW, are three species of Australian native “plum” commonly 

known as Davidson’s plum (Floyd, 1961; Harden and Williams, 2000). The 

southern species, D. jerseyana and D. johnsonii are endangered in the wild 

(Briggs and Leigh, 1996) and all three species are often grown as ornamental 

trees that produce tart and unpalatable fresh fruit. However, the fruit have 

commercial potential and are used for making wine, jams, sauces, jelly, juice, 

flavours, desserts, salad dressings, preserves, conserves, and confectionery 

(Hardwick, 1996; Graham and Hart, 1997; Ahmed and Johnson, 2000) and 

vinegar (Cherrikoff, 1994). Seed is the traditional method of propagation of 

Davidsonia species (Ahmed and Johnson, 2000), but methods for clonal 

propagation via cuttings and meristem culture (micropropagation) have been 

developed (Hardwick, 1996; Nand et al., 2004). D. johnsonii is of special 

interest for the development of alternative approaches such as 

micropropagation, as it apparently reproduces only by suckering (Costin, 

1996) and is limited to small populations in northern NSW. Its seedlessness 

has made it very useful in processing for wines, jams and sauces. The limited 

supply of natural suckers in the wild and its endangered status has caused 

the need for alternative propagation methods.   

 

Somatic embryogenesis was first reported in immature embryo cultures of 

hazelnut (Corylus avellana L.) (Radojević et al., 1975), but has since been 

reported in embryos, cotyledonary nodes, cotyledons and meristems from 

hazelnut seedlings (Berros et al., 1995). Somatic embryos have also been 

produced in walnuts (Juglans species) (Tulecke et al., 1995), olives (Rugini et 

al., 1995) and almonds (Prunus dulcis (Mill.) D.A. Webb.) (Ainsley et al., 

2001). In some Australian species, somatic embryogenesis has been 

reported such as in Caustis dioica R. Br. (Sieler and Dixon, 1994), Diuris, 

Swainsona and some Epacridaceae (Dixon, 1994). The most widely used 
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PGRs for induction of embryogenesis are 2,4-D and BA combinations for 

mature and immature embryos, juvenile tissues and mature field plants, 

although IBA, indole acetic acid (IAA), NAA, 2iP, kinetin, zeatin and TDZ have 

been used (Litz and Gray, 1995; Khanam et al., (2001); Taji and Williams, 

1996). Somatic embryogenesis and organogenesis have been reported in 

many plant species (Bajaj, 1995) for use in mass micropropagation, large 

scale production in bioreactors, genetic transformation, synthetic seed 

production, and cryopreservation. Propagation of several Australian native 

species via callus and somatic embryogenesis in vitro has been reported (Taji 

and Williams, 1996).  

 

Direct somatic embryogenesis and indirect somatic embryogenesis pathways 

have been induced in many species and success is mainly dependent on the 

type of plant growth regulators used, their concentrations, and other 

components of the growing media. The synthetic auxin, 2,4-D is commonly 

used because it is often very effective in somatic embryogenesis (Litz and 

Gray, 1995), and giving rise to embryos from single or groups of cells 

(Williams and Maheshwaran, 1986). The process generally involves non-

zygotic cells undergoing a series of biochemical and morphological changes 

in a sequence to form somatic embryos, which develop into differentiated 

independent shoots (von Arnold et al., 2002). Somatic embryos formed by 

direct organogenesis are considered superior in maintaining genetic integrity 

than indirectly via callus. 

 

Juvenile explants of several fruit species have been used to develop 

protocols for efficient regeneration systems that can be applied to mature 

tissues (Ainsley et al., 2001). As described by Litz and Gray (1995), 

organogenesis and embryogenesis techniques for regeneration are 

prerequisites for biotechnology applications in crop improvement using 

Agrobacterium transformation, mutation, variant selection, and rapid 

regeneration of mature materials. Such techniques have been used for clonal 

multiplication and improvement of genetically elite varieties of woody fruit 
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species (Ainsley et al., 2001), and could potentially be applied to Davidsonia 

species. 

 

Though micropropagation of mature plants with superior characteristics is 

preferable to juvenile (seedling) material, it can be difficult to culture explants 

from trees in the field due to high microbial contamination, phenolic 

exudation, hyperhydricity, poor root response, and other causes of  

recalcitrance (Bonga, 1987; Zimmerman, 1988). Shoot regeneration has been 

reported from shoot tips, nodal explants, or cotyledons of Australian native 

fruit-bearing species such as Davidsonia (Nand et al., 2004), M. tetraphylla 

(Mulwa and Bhalla, 2000), Santalum lanceolatum R. Br. and S. acuminatum 

(Barlass et al., 1980), and several rare and endangered native woody species 

(Bunn and Dixon, 1996; Johnson, 1996; Panaia et al., 2000; Taji and 

Williams, 1986). Woody native Eucalyptus species (de Fossard 1974, 1977; 

McComb et al., 1996) and those reported by Bajaj (1996) have also been 

successfully regenerated from shoot tips and nodes.  

 

Micropropagation techniques have been previously developed for D. pruriens 

and D. jerseyana using juvenile in vitro explants (Nand et al., 2004). There 

are no published reports on regeneration of Davidsonia species via callus. 

This chapter reports on the use of various explants and a sustained effort on 

a series of systematic experiments (Appendix 3.1) to investigate the induction 

of embryogenesis or organogenesis with treatments of various combinations 

of auxins, NAA and 2,4-D, and the cytokinins, BA and TDZ. Results of initial 

investigations have been discussed in the text and data tables are included 

with the appendix at the end of this chapter.  
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3.3 Materials and methods 

 

3.3.1 Plant Material  

 

Various explant sources (cotyledon, cotyledonary node, hypocotyl, 

internodes, 3-5 mm in length and leaves, 8-10 mm), were obtained from 4-6 

week old juvenile seedlings (js) and juvenile micropropagated plants (jm). 

Leaf and internode explants were obtained from mature plants from 

greenhouse (mg), field (mf) and micropropagated (mm) plants. Seeds from D. 

pruriens fruits from Sherwood Park, Brisbane, and Galeru Plantation, Cooroy 

in southeast Qld., and seeds from D. jerseyana fruits obtained from MNBTN, 

Tumbulgum in northern NSW, were aseptically removed from fruit and 

germinated in vitro. Juvenile micropropagated (jm) plants were obtained from 

the growth room. Mature greenhouse (5-7 year old) plants of D. pruriens, D. 

jerseyana and D. johnsonii (Nimbin and Fig Tree Pocket) were originally 

purchased from a commercial nursery. Mature field leaf explants of D. 

pruriens were obtained from 8-10 year old trees at Griffith University, Nathan 

Campus in Brisbane, Qld.. Mature micropropagated material was obtained 

from subcultures in the growth room originally from the greenhouse parent 

plants. Decontamination of all mg and mf explants was achieved using the 

hospital grade disinfectant, Domestos (Unilever Australasia, with active 

ingredients 49.9 glˉ1 NaOCl, 5.0% m/v available chlorine, 12.2 glˉ1 sodium 

hydroxide, and 0.5 glˉ1 alkaline salts) under vacuum for 10 min followed by 

four washes in 100 ml autoclaved Milli-Q water. All explants were dried on 

sterile tissue paper before being placed onto media with abaxial surface of 

leaf explants touching the media. 

 

3.3.2 Culture media 

 

Explant material was grown on 25 ml of half strength MS medium in 120 mm 

x 30 mm polycarbonate tubes. Experiments were conducted on 35 ml of MS 

or ½ MS medium containing combinations of auxins and cytokinins (treatment 
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medium, TM) as described in each of the treatments below and then 

transferred to PGR-free ½ MS medium (Growth medium, GM) in 75 mm x 75 

mm polycarbonate tubes. All media contained 3% sucrose and 8 g l−1 Difco 

bacto agar. The pH was adjusted to 5.65 before autoclaving at 121 ºC for 20 

min. All cultures were incubated at 28 ± 2 ºC with a 16 h photoperiod 

provided by cool white fluorescent tubes with a photosynthetic photon flux of 

25-30 µ mol m−2 s −1 in the growth room. 

 

3.3.3 Callus induction 

 

Explants (js, jm and mm, each 5-8 mm in length) and decontaminated leaves 

(mg) of D. pruriens, and D. jerseyana and/or D. johnsonii (8-10 mm x 8-10 

mm) were dissected and placed onto various media treatments as specified 

in each experiment below. In all experiments, five explants were randomly 

allocated to four 75 mm x 75 mm polycarbonate tubes to give a total of 20 

replicates for each treatment unless otherwise stated. Samples were 

incubated on the TM for the period as stated in experiments 1a-1d below and 

transferred to GM. Callus rating from poorest (1) to best (5),  and root and 

shoot response was recorded after a further incubation period on GM as 

stated in 1a-d below for each experiment. 

 

3.3.3 Organogenesis  

 

Explants of D. pruriens and D. jerseyana were excised and incubated on the 

media as defined in methods 3.3.4 below. In all experiments, five explants 

samples were randomly allocated to four 75mm x 75 mm polycarbonate 

tubes or 30 or 70 mm diameter Petri dishes to give a total of 20 replicates 

(unless otherwise specified) of each explant and kept in darkness for 7 days, 

incubated for 4 weeks after treatment, and then transferred to GM. The 

number of explants with shoots, number of shoots per explant, and shoot 

heights were recorded after further incubation on GM. For optimisation of 

exposure time, experiments (3.3.5 below), internode (mm) explants (5-8 mm 



 

Organogenesis in Davidsonia species                                                             Chapter 3 

 

69 

in length) and leaf explants (10-15 mm in length) of D. pruriens (mg) and D. 

jerseyana (mm) were placed on to MS medium containing 1.0 µM NAA and 

1.0 µM TDZ (shoot induction medium, SIM) before transfer to GM. 

 

3.3.3 Callus induction on specific explants 

 

3.3.3.1 Callus induction in juvenile and mature explants of D. pruriens and 

mature D. johnsonii with application of cytokinin, BA and auxin, 2,4-D 

treatments  

 

Explants of D. pruriens (js, jm, mm, mf and mg) and D. johnsonii (mg) were 

dissected and placed on to TM containing ½ MS, 0, 0.1, 0.5, 1.0, 2.5 or 5.0 

µM BA in combination with 2.5, 5.0 or 10 µM 2,4-D treatments and incubated 

for 4 weeks before transfer onto GM. Callus and root response was recorded 

after a further 6 weeks. 

 

3.3.3.2 Callus induction in juvenile tissues of D. pruriens and D. jerseyana 

and mature tissues of D. johnsonii with optimum auxin concentration (2.5 µM 

2,4- D) and a range of BA concentrations  

 

As 2.5 µM 2,4-D was found to be optimal in the previous experiment, 

embryos from mature fruits of D. pruriens and D. jerseyana and leaf explants 

of D. pruriens, D. jerseyana and D. johnsonii (mg) were dissected and placed 

on to TM containing ½ MS, 2.5 µM 2,4-D and various levels of BA (0, 0.1, 

0.32, 1.0 or 3.2 µM) for 28 days and then transferred to a GM. Explant 

response for callus induction, callus rating and the number of roots and 

shoots were recorded after a further 4 weeks of incubation. 
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3.3.3.3 Callus induction in juvenile and mature explants of D. pruriens and D. 

jerseyana on media containing 2,4-D and low concentrations of an alternative 

cytokinin (0.1 µM TDZ) 

 

Mature leaf explants (mg) of D. pruriens and D. jerseyana and mature 

embryos of D. pruriens and immature embryos of D. jerseyana were placed 

on to TM containing ½ MS,  0, 0.1, 1.0 or 2.5 µM 2,4–D and 0.1 µM TDZ. 

Explant response, callus rating and observations were recorded after 6 

weeks of incubation on the induction media. Callus was transferred onto GM 

and results recorded after a further 6 weeks of incubation. 

 

3.3.3.4 Callus induction in mature leaf explants (mg) of D. pruriens and D. 

johnsonii with application of high auxin (5.0 µM and 10.0 µM 2,4-D) 

concentration  

 

Leaf explants of D. pruriens (mg) and D. johnsonii (mg) from Nimbin and Fig 

Tree Pocket accessions were placed on to TM containing ½ MS 5.0 µM 2,4-D 

and 0, 0.1, 1.0, 10.0 µM or 32.2 µM BA. This was repeated with 10.0 µM 2,4-

D and 0, 0.32, 1.0, 3.2 or 10.0 µM TDZ. The number of explants with callus 

was recorded after 30 days and explants were then transferred to GM. 

Results were recorded after a further 4 weeks on GM. 

 

3.3.4 Organogenesis  

 

3.3.4.1 Application of low concentration of an alternative auxin (0.1 µM NAA) 

in combination with low concentrations of TDZ on juvenile and mature 

explants of D. pruriens and D. jerseyana   

 

Mature and juvenile explants (mg, js and jm) of D. pruriens and D. jerseyana 

were placed on to TM comprising ½ MS, 0.1 µM NAA and 0, 0.1, 0.32 or 1.0 

µM TDZ. Explant response, callus rating and observations were recorded 
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after 6 weeks of incubation on the induction media. Callus was transferred 

onto GM and results recorded after a further 6 weeks of incubation. 

 

3.3.4.2 Application of higher concentration of NAA (1.0 µM) in combination 

with a range of TDZ treatments in various juvenile explants of D. pruriens  

 

Explants (js) of cotyledons, cotyledonary nodes, hypocotyl, nodes and 

internodes of D. pruriens were placed on TM containing ½ MS, 1.0 µm NAA 

and 0, 1.0, 10.0 or 32.2 µM TDZ for 30 days before transfer onto GM. 

Explants with shoots and the number of shoots per explant was recorded 

after 30 days on GM. 

 

3.3.5 Organogenesis – optimisation of shoot induction in various explants 

 

3.3.5.1 Application of optimum PGR concentrations for shoot induction in 

various juvenile explants of D. jerseyana  

 

Explants (js) of cotyledons, cotyledonary nodes, hypocotyl, and nodes of D. 

jerseyana (js) were placed on to TM containing ½ MS, 1.0 µM NAA and 1.0 

µM TDZ for 30 days and then transferred to GM. Results of explant response 

and shoot heights were recorded after 30 days of incubation on GM. 

 

3.3.5.2 Optimisation of NAA and TDZ concentrations for shoot induction in 

mature internodes of D. jerseyana 

 

Internode explants of D. jerseyana (mg) were excised and incubated on TM 

containing ½ MS, 0, 0.1 or 1.0 µM NAA and 0, 0.1, 0.3 or 1.0 µM TDZ in Petri 

dishes. Callus rating was recorded every 3 weeks and shoots were assessed 

after 12 weeks incubation on the same medium.  
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3.3.5.3 Optimisation of TDZ concentrations in combination with 0.1 µM NAA 

for organogenesis in mature D. jerseyana leaf explants  

 

Leaf explants of D. jerseyana (mg) were incubated on TM containing ½ MS, 

0.1 µM NAA and 0, 0.1, 0.32 or 1.0 µM TDZ. Callus rating was recorded after 

42 days and calli were then transferred on to GM. The number of shoots was 

recorded after a further 5 weeks of incubation on GM.  

 

3.3.5.4 Verification of best explants with the application of optimum PGR 

concentrations (1.0 µM NAA and 1.0 µM TDZ) to mature D. jerseyana and D. 

pruriens explants for organogenesis  

 

Apical shoots, internodes, nodes, petioles and leaf explants (mg) of D. 

jerseyana and D. pruriens were incubated on SIM in 110 x 30 mm 

polycarbonate tubes for 5 weeks before transfer on to GM. Results were 

recorded after a further 6 weeks of incubation on GM.  

 

3.3.6 Organogenesis – optimisation of duration of exposure of best explants 

on shoot induction medium 

 

3.3.6.1 Optimisation of duration of exposure using internode explants of 

mature D. jerseyana and D. pruriens  

 

Internodes of D. jerseyana (mm) and D. pruriens (mm) were placed on SIM 

for 0, 7, 14, 21 or 28 days and then transferred to GM. Callus and shoot 

response for 18 samples were recorded after a further 4 weeks of incubation 

and again after 8 weeks for D. pruriens. 
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3.3.6.2 Optimisation of duration of exposure using mature leaf explants for 

direct organogenesis in D. pruriens  

 

Leaf explants of D. pruriens (mg) were placed on to SIM for 0, 3, 6, and 9 

days and then transferred onto GM. The number of shoots and shoot heights 

were recorded after 8 weeks from initial induction. 

 

3.3.6.3 Optimisation of duration of exposure time using mature internode and 

leaf explants for direct organogenesis in D. jerseyana  

 

Internode and leaf explants of D. jerseyana (mm) were placed on to SIM for 

0, 1, 3, and 5 days and then transferred onto GM. The number of shoots and 

shoot heights were recorded for 15 explants after eight weeks of incubation.  

 

3.3.7 Statistical analysis 

 

All results was analysed using ANOVA (Analysis of Variance) in Microsoft 

Excel (2000) and all values have been expressed as means calculated at 

p<0.5 level of significance.  

 

3.4 Results 

 

3.4.1 Callus induction 

 

3.4.1.1 Callus induction in juvenile and mature explants of D. pruriens and 

mature D. johnsonii with application of cytokinin, BA and auxin, 2,4-D 

treatments  

 

Mature explants of D. pruriens and D. johnsonii and juvenile explants of D. 

pruriens produced callus with 2.5, 5 or 10 µM 2,4-D in combination with 0, 0.1 

or 0.5 µM BA. For D. pruriens, the best mean callus rating (CR) of 3.7 on a 

scale of poorest (1) to best (5), was noted on mature leaf explants incubated 
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on 2.5 µM 2,4-D with 0.1 or 0.5 µM BA combinations (Appendix 3.2). 

Treatment with 5.0 µM 2,4-D and no BA caused the formation of friable callus 

(CR=4.0), but with some explants with few (1-3) roots. Most calli were formed 

on the veins within 12-14 days and spread on to wounds on the leaf blade. 

Cotyledons produced the greatest number of roots (6-10) in D. pruriens at 10 

µM 2,4-D and 0.5 µM BA treatment. Very little or no callus was formed with 

5.0 µM BA in any combination with 2,4-D treatments. Mature leaves of D. 

pruriens (mf, mg) and D. johnsonii (mg) showed icy white and pink- friable 

calli respectively. The best callus (CR=3.8) for D. johnsonii was produced at 

5.0 µM 2,4-D and 0.1 µM BA or 10.0 µM 2,4-D and 0.5 µM BA (CR=3.4). An 

increase in BA concentrations decreased the callus rating and the formation 

of roots in both species with no roots at 2.5 or 5.0 µM BA. In other treatments, 

formation of roots increased with time of incubation but no shoots were 

produced in any of the explants, even after 8 weeks. Embryogenesis was not 

observed in any treatments.  

 

3.4.1.2 Callus induction in juvenile tissues of D. pruriens, D. jerseyana and 

mature tissues of D. johnsonii with optimum auxin concentration (2.5 µM 2,4- 

D) and a range of BA concentrations.  

 

Cotyledons and leaf explants of D. pruriens and D. jerseyana and adult leaf 

tissues of D. johnsonii (mg) treated with 2.5 µM 2,4-D and 0, 0.1, 0.32, 1.0 or 

3.2 µM BA combinations produced callus and roots from most explants but no 

shoots (Table 3.1). Mature embryos of D. pruriens produced 1-2 thickened 

shoots, but failed to develop further. Leaf explants of all three species 

showed 75-100% callus response with 2.5µM 2,4-D and 0, 0.1, 1.0 or 3.2 µM 

BA. Leaf explants of D. pruriens and D. johnsonii had 100% callus response 

at 2.5 µM 2,4-D and 0 µM BA. D. pruriens (js) leaves produced 100% callus 

and 100% root response with 2.5 µM 2,4-D and 0, 0.1 or 0.32 µM BA 

treatments with significantly (p<0.05) decreased callus rating and lowest root 

response (20%) at 3.2 µM BA. Leaf explants of D. johnsonii produced callus 

(>77%) with best response and significantly highest callus rating (4.0) in 
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media without any BA. The callus rating decreased significantly with increase 

in BA concentrations at 0.1 and 1.0 µM BA. Callus response was lower in 

embryos and cotyledons (<67%) than leaves of D. pruriens. Immature 

embryos of D. jerseyana produced high callus rating (3.5) at 0 µM BA but it 

decreased significantly at each higher BA treatment. Leaves of D. jerseyana 

(js) produced significantly higher number of roots (19.9 and 16.0) at 0 and 

0.32 µM BA treatments respectively compared to embryos and nodes (Table 

3.1).  Leaf callus of D. jerseyana from 0.32 and 1.0 µM BA treatments, when 

transferred to TM containing ½ MS and 0.1 µM BA, developed into shoots up 

to 3.6 mm high in 6 weeks (results not shown). Immature embryos of D. 

jerseyana also produced white embryo-like structures but failed to develop 

any further. No embryogenesis was observed in any treatments.  

 

3.4.1.3 Callus induction in mature leaf explants and embryos of D. pruriens 

and D. jerseyana on media containing 2,4-D and low concentrations of an 

alternative cytokinin (0.1 µM TDZ). 

 

Mature embryos treated with 0.1, 1.0 and 2.5 µM 2,4-D produced shortened 

and thickened shoots and roots with very poor callus rating (1.0) in 22% 

explants in D. pruriens and 33% explants in D. jerseyana only with 2.5 µM 

2,4-D treatment. However, the immature embryos of D. jerseyana produced 

thickened radicles, multiple roots and callus at 1.0 and 2.5 µM 2,4-D 

concentrations. No embryogenesis was observed in any embryos or leaf 

explants. D. pruriens (33%) leaf explants (mg) had poor callus rating (1.0) at 

2.5 µM 2,4-D only, where as compacted and blackened callus noted in D. 

jerseyana at 1.0 and 2.5 µM 2,4-D  eventually died.  
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Table 3.1.  Effect of 2.5 µM  2,4-D and a range of BA treatments in ½ MS 
media on callus induction on juvenile micropropagated tissues of D. pruriens 
and D. jerseyana and mature green house tissues of D. johnsonii  

 
  Species Explant BA (µM) Callus 

Response 
(%) 

Callus 
Rating 

(1-5 best) 

Explants 
with roots 

(%) 

Mean 
number 
of roots 

Explants with 
shoots (%) 

  D. pruriens Embryo
 

(mature) 

0 56 15 
 a
 67 62 

bc
 40* 

  0.1 67 2.1
 b
 78 10.7 

d
 40* 

  0.32 18 2.3
 b
 100 5.3 

b 
36* 

  1.0 22 1.9 
a
 89 6.4 

bc
 37* 

  3.2 0 0 0 0 0 

 Cotyledon 0 0 0 90 3.2 
a 

0 

  0.1 20 2.
 
4

 b
 90 5.3 

b
 0 

  0.32 20 2.1
 b
 73 5.1

 b
 0 

  1.0 18 1.3
 a
 30 2.9 

a
 0 

  3.2 20 1.6
 a
 25 2.1

 a
 0 

 Leaf 0 100 4.1
 c
 100 30.6 

f
 0 

  0.1 100 2.8
 bc

 100 24.4 
e
 0 

  0.32 100 3.1
 c
 100 6.2 

bc
 0 

  1.0 100 2.2
 b
 67 2.1

 a
 0 

  3.2 100 1.1
 a
 22 1.9 

a
 0 

  D. jerseyana Embryo 

(immature) 

0 40 3.5 
c
 70 2.5 

a
 0 

  0.1 100 2.8 
b
 80 3.8 

a
 0 

  0.32 18 1.8 
a
 58 11 

c
 0 

  1.0 0 0 73 6.4 
b
 0 

  3.2 0 0 63 8 
b
 0 

 Leaf 0 88 1.5 
a
 94 19.9 

e
 0 

  0.1 75 2.5 
b
 81 10.8 

c
 0 

  0.32 100 3.3 
bc

 100 16 
d
 0 

  1.0 100 3.5 
c
 100 10.7 

c
 0 

  3.2 100 1.7 
a
 100 8.9 

b
 0 

 Node 0 62 2.2 
b
 64 2.7 

a
 0 

  0.1 67 2.8 
b c

 60 3.6 
a
 0 

  0.32 81 2.6 
b c

 75 2.8 
a
 0 

  1.0 87 3.3 
b c

 73 2.8 
a
 0 

  3.2 94 2.3 
b
 50 3.4 

a
 0 

 D. johnsonii Leaf 0 100 4 0 0 0 

  0.1 87 2.5
 ab

 0 0 0 

  0.32 87 3.0
 b
 0 0 0 

  1.0 80 1.8 
a
 0 0 0 

  3.2 77 1.7
 a
 0 0 0 

 

Explants with callus, with roots, or shoots (%) are expressed as a ratio of explants responding to induction media 

from 20 replicates. * Represents embryonic shoots in D. pruriens. Callus rating (1-5 best) and mean number of roots 

and shoots were tabulated excluding the zero response for samples 4 weeks after transfer to GM. a, b and c denote 

that mean values are significantly different at 5% level.  
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3.4.1.4 Callus induction in mature leaf explants (mg) of D. pruriens and D. 

johnsonii with application of high auxin (5.0 µM and 10.0 µM 2,4-D) 

concentration  

 

The proportion of explants which produced callus with BA treatment varied 

from 0% for D. johnsonii to 100% for D. pruriens with 5.0 µM 2,4-D in all BA 

combinations. For the control (5.0 µM 2,4-D) D. johnsonii had only 40% callus 

response, but with 10.0 µM 2,4-D treatment, D. johnsonii had 100% callus 

response for both accessions. Treatments of 10.0 µM 2,4-D with no TDZ 

showed 100% callus response in D. pruriens and D. johnsonii. Callus was 

produced on all TDZ treatments with 10.0 µM 2,4-D and varied from 15% in 

D. johnsonii with 10 µM TDZ to 100% in the control. Increases in the 

concentration of TDZ in the medium decreased the callus rating at all levels 

of treatment. Callus response in D. johnsonii declined to less than 25% at 1.0 

and 3.2 µM TDZ, but it was 82% in D. pruriens at the same concentrations of 

TDZ.  There was no difference in the mean callus rating between D. johnsonii 

(Nim) and D. johnsonii (FTP) at all treatments though there was a lower 

callus response in D. johnsonii (FTP) at 1.0, 3.2 and 10.0 µM TDZ 

treatments. D. pruriens, with white, greenish and some pink calli which 

became compacted and non-friable maintained a 100% callus response 

despite low callus rating, when transferred to GM. However, the pink-friable 

callus of D. johnsonii died upon transfer and none of the callus of both 

species displayed embryogenesis.  

 

3.4.2 Organogenesis  

 

3.4.2.1 Application of low concentration of an alternative auxin (0.1 µM NAA) 

in combination with low concentrations of TDZ on juvenile and mature 

explants of D. pruriens and D. jerseyana   

 

Treatment of mature leaves of D. pruriens (mg) with 0.1 µM NAA and 0.1 µM 

TDZ produced the best friable callus, although the best callus response was 
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67% on 0.1µM NAA and 1.0 µM TDZ. Treatment of D. pruriens (jm) explants 

with 0.1 µM NAA and 0.32 µM TDZ had a low mean callus rating (1.8), which 

was the optimum response of the three treatments. Callus response and 

rating increased with increase in TDZ concentration in the case of mature 

leaves (mg). However, in vitro leaf explants (js) became brown and tissues 

eventually died with higher concentrations of TDZ or longer periods of 

exposure to TDZ. 

Overall, callus response and callus ratings were higher in D. jerseyana than 

in D. pruriens. D. jerseyana (jm) produced good friable (2-3 mm diameter) 

callus on 0.1 µM NAA and 0.1 µM TDZ and nodular calli (0.5-1mm) on 0.1 µM 

NAA and 0.32 µM TDZ or 0.1 µM NAA and 1.0µM TDZ (0.5-2 mm), after 6 

weeks of incubation. Callus response per explant was 73.3% with a mean 

rating of 3.5, 60% (2.0) and 80% (2.9) for treatments 0.1, 0.32 and 1.0 µM 

TDZ, respectively, on media containing 0.1 µM NAA. 

Leaves of D. pruriens (js, mg) and D. jerseyana (jm, mg) on 0.1 µM NAA and 

0, 0.1, 0.32 or 1.0 µM TDZ treatments showed an improvement in callus 

ratings after 6 weeks of transfer to GM with 86% of 0.1 µM TDZ and 0.1 µM 

NAA treated D. jerseyana explants forming shoots. Explants of D. jerseyana 

on 0.1 µM NAA and 0.32 or 1.0 µM TDZ treatments had nodular callus (100% 

response) which when subsequently transferred to GM also formed multiple 

shoots, 5-10 mm in height. Although shoots were only observed in D. 

jerseyana explants, no embryos were observed in either species.  

 

3.4.2.2 Application of higher concentration of NAA (1.0 µM) in combination 

with a range of TDZ treatments in various juvenile explants of D. pruriens  

 

The cotyledonary node explants of D. pruriens (js) produced the greatest 

mean number of shoots (2. 7) on 1.0 µM NAA and 1.0 µM TDZ (Figure 3.1). 

Cotyledonary nodes produced higher number of shoots than other explants 

except for cotyledons at 10.0 µM TDZ. Hypocotyls produced the least number 

of shoots although there was no significant difference between the 
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treatments. The internodes formed the second highest number (1.7) of quality 

shoots on 1.0 µM NAA and 1.0 µM TDZ which segregated as individual 

shoots and the heights increased more rapidly than other treatments and 

explants (Figure 3.1) compared to cotyledonary node shoots which failed to 

segregate or elongate.  The number of shoots in 1.0 µM TDZ was 

significantly higher in cotyledons, cotyledonary node, and internode explants 

compared to 10.0 µM and 32.2 µM TDZ treatments for each explant.   
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Figure 3.1. The effect of 1.0 µm NAA and various TDZ concentrations. Mean values denoted 

by a different letter are significantly different at 5% level. 

 
 

3.4.3 Organogenesis – optimisation of shoot induction in various explants 

 

3.4.3.1 Application of optimum Plant Growth Regulator (PGR) concentrations 

for shoot induction in various juvenile explants of D. jerseyana 

Treatment of D. jerseyana (js) explants with 1.0 µM NAA and 1.0µM TDZ 

produced the greatest number (2.4) of shoots in internodes where 45% of 

explants produced shoots (Table 3.2). No significant difference was noted in 

the number of shoots between cotyledonary nodes and nodes but no shoots 

were produced in hypocotyls. When transferred to GM, shoots elongated to 

15-25 mm height after 6 weeks with potentially 3-5 nodes per shoot. 
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Table 3.2. Effect of 1.0 µM NAA and 1.0 µM TDZ in ½ MS medium on the 

number of shoots produced via organogenesis in D. jerseyana.  Explants 

from 4-6 week seedlings were incubated for 30 days. Results were recorded 

after further 4 weeks of incubation on GM 

Explant Explants with shoots 

(%) 

Number of shoots (mean) 

Cotyledonary 

node 

20 1.35
 a
 

Hypocotyl 0 0 

Internode 45 2.4 
b
 

Node 20 1.5 
a
 

 

Mean values denoted by a different letter are significantly different at 5% level. 

 

3.4.3.2 Optimisation of NAA and TDZ concentrations for shoot induction in 

mature internodes of D. jerseyana.  

Callus induced on mature internode explants (mm) of D. jerseyana on a 

combination of treatments with NAA and TDZ maintained a vigorous growth 

for up to 9 weeks on the same media but declined by week 12 as shoots 

developed (Table 3.3). At week 9, there was no significant difference in callus 

rating for treatments 0.1 µM and 1.0 µM NAA with 0.1, 0.3 or 1.0 µM TDZ. 

However, callus ratings became significantly different with a mean of 2.5 in 

treatments 1.0 µM NAA and 0 µM TDZ compared with a mean callus rating of 

3.5 and 3.1 for 0.3 and 1.0 µM TDZ concentrations respectively. At week 12, 

the callus rating declined with the emergence of shoots at lower NAA 

concentrations. Highest mean number (3.0) of shoots was produced on 

medium with 0 µM NAA and 1.0 µM TDZ, but the highest proportion of 

explants with shoots (85%) was seen in 0.1 µM TDZ and 0.1 µM NAA, with 

explants forming a high number (2.2) of shoots despite lower mean callus 

rating (2.3) (Table 3.3). The mean callus rating for 1.0 µM NAA combined 

with 0.3 µM TDZ (3.5) or 1.0 µM TDZ (3.1) were not significantly different, 

however, a respective 82% and 76% shoot response occurred and both had 
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a significantly higher callus rating (3.7 and 3.8) at week 12, thus becoming 

the best treatment for organogenesis in mature D. jerseyana internodes as 

noted in Table 3.2. No shoots were formed in treatments without any PGRs, 

although 0.1 µM and 1.0 µM NAA without any TDZ, produced shoot 

responses of 21% and 35% respectively. The least number of shoots per 

explant were produced on medium containing 1.0 µM NAA and no TDZ. TDZ 

was essential for shoot induction. 

 

Table 3.3. The effect of NAA and TDZ treatments on organogenesis in 

internodes of mature green house (mgh) plants of D. jerseyana. Callus rating (1-

5 best) was recorded every three weeks. The number of explants with shoots 

and the number of shoots per explant were counted after 12 weeks of incubation 

on the same induction media 

 

Treatment 

 

Mean Callus Rating Shoot response after  

12 weeks 

TDZ 

(µM) 

 

NAA 

(µM)  

Week 3 

  

 

Week 6 

 

Week 9 

 

 

Week 

12 

 

Number of  

Shoots/explant 

(mean) 

Explants with 

shoots (%) 

0 0 * * * * * 0 

0.1 0 0.95 
d
 2.1 

b
 2.95 

d
 1.9 

b
 1.45 

bc
 55 

0.3 0 0.7 
cd

 2.1 
b
 1.7 

a
 2.05 

b
 1.75

 c
 65 

1.0 0 0.39 
ab

 1.5 
a
 2.28 

b
 1.83 

b
 3.0

 d
 75 

0 0.1 1.43 
e
 2.71 

c
 3.29 

de
 2.0* 

b
 1.33

 b
 21 

0.1 0.1 0.65 
bc

 1.80 
a
 2.60

 bc
 2.25 

b
 2.15 

c
 85 

0.3 0.1 0.63 
bc

 1.63 
ab

 2.60
 bc

 2.0 
b
 1.05

 b
 50 

1.0 0.1 0.59 
bc

 1.64 
ab

 2.36
 bc

 2.09 
b
 1.41

 b
 50 

0 1.0 0.50 
ab

 2.0 
b
 2.45 

c
 1.0 

a
 0.4 

a
 35 

0.1 1.0 0.27 
a
 2.0 

b
 3.0 

bcd
 2.93 

c
 1.2

 b
 47 

0.3 1.0 0.65 
bc

 2.18 
b
 3.47 

de
 3.71 

d
 2.18

 c
 82 

1.0 1.0 0.41 
ab

 1.82 
ab

 3.12 
d
 3.82 

d
 2.0

 c
 76 

 
 * Data with zero values were excluded for analysis. Letters denoted by a, b, c, d and e show that 
the mean callus ratings and the number of shoots per explant are significantly different at 5% 
level. 
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3.4.3.3 Optimisation of TDZ concentrations in combination with 0.1 µM NAA 

for organogenesis in mature D. jerseyana leaf explants  

Mature leaf explants of D. jerseyana (mg) treated with 0.1 µM NAA and 1.0 

µM TDZ produced the best callus rating (2.1) with green nodular callus (1-3 

mm diameter), but had the lowest number of shoots per explant. There was 

no callus response on 0.1 µM NAA without any TDZ. The highest number of 

shoots (3.3) were produced on 0.32 µM TDZ treatment which had the lowest 

callus rating (0.7), with 2-3 mm pink, green and nodular callus on a high 

percentage (88%) of explants after 5 weeks of incubation. Subsequent 

transfer on to GM, improved callus rating and increased the number of shoots 

developed from the nodular calli. Leaf explants produced a high mean 

number of shoots (3.3) and 88% response compared to internodes, with 2.2 

shoots and 50% responses at 0.1 µM NAA and 0.32 µM TDZ. 

 

3.4.3.4 Verification of best explants with the application of optimum PGR 

concentrations (1.0 µM NAA and 1.0 µM TDZ) to mature D. jerseyana and D. 

pruriens explants for organogenesis  

Decontamination success of 65-100% was achieved for side shoots of adult 

plant material from the green house. Shoot response of 100% was achieved 

on apices, internodes, petioles, and leaves (mg) of D. jerseyana incubated on 

½ MS medium containing shoot induction medium, 1.0 µM NAA and 1.0 µM 

TDZ (Table 3.4). There was a significant difference in the number of shoots 

produced between apices (9.9), leaves (7.3), internodes (5.4) and petioles 

(3.7) of D. jerseyana. The greatest shoot height (6.8 mm and 6.3 mm) was 

achieved from internodes and leaves of D. jerseyana. Overall, apices, 

internodes and leaves were the best explants, with 5-19 shoots of 4-7 mm in 

height per explant. Petioles of D. jerseyana took a longer time for shoot 

induction and had the lowest number of shoots (3.7) per explant and the 

lowest height of shoots (1.3 mm). 
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For D. pruriens (js) explants, apices produced the highest shoot response 

(55%) and leaves had the lowest shoot response (15%) (Table 3.4). There 

was no significant difference in the number of shoots per explant between 

apices, internodes and leaves but it was significantly higher in petioles (2.9). 

The height was recorded as 1.0 mm for all explants due to very little change 

at the time of measurement. Internodes formed shoots on thickened ends 

which were discrete and easier to count. 

 

Table 3.4 The effect of 1.0 µM NAA + 1.0 µM TDZ on various explants from 

mature green house plants of D. pruriens and D. jerseyana. Explants were 

transferred to GM after 35 days and data were collected after a further 42 

days of culture 

Species Explant Survival 

(%) 

Shoot 

Response 

(%) 

Number of 

shoots/explant 

(mean) 

Mean height 

of shoots 

(mm) 

D. jerseyana Apex 95 100 9.9 
d
 5.72

 b
 

 Internodes 100 100 5.36 
b
 6.83

 c
 

 Leaves 100 100 7.28
 c
 6.31 

c
 

 Petioles 100 100 3.65
 a
 1.3 

a
 

D. pruriens Apex 65 55 2.5
 a
 1.0 

 Internode 85 45 2.5
 a
 1.0 

 Leaves 70 15 2.7
 ab

 1.0 

 Petioles 80 47 2.9
 b
 1.0 

 

Data were calculated from survived explants only. Heights of D. pruriens were noted as 1.0 
mm for all measurements since it was not possible to measure the change in the height. 
Different letters represent statistically different values at 5% level of significance. 

 

 

3.4.4 Organogenesis – optimization of duration of exposure of best explants 

on shoot induction medium 

 

3.4.4.1 Optimisation of duration of exposure using internode explants of 

mature D. jerseyana and D. pruriens  

Internodes of D. jerseyana (mm) gave optimum shoot response at 14 days of 

SIM exposure, with 95% response and 7.4 shoots per explant after 30 days 

incubation on GM (Table 3.5). Exposure time of 7 days to SIM produced 80% 



 

Organogenesis in Davidsonia species                                                             Chapter 3 

 

84 

shoot response and well differentiated and segregated shoots (2.9±0.1), 

where as multiple non-segregated shoots were formed with 14 and 21 days 

exposure. Internodes of D. jerseyana exposed to SIM for 21 days and 

incubated on GM for 30 days produced 65% shoot response with 4.9 shoots 

per explant and 83% explants with callus (Table 3.5). Prolific growth was 

seen in shoots after subsequent transfer to GM. 

Exposure of D. pruriens (mm) internodes to SIM for 0, 7, 14 and 28 days 

produced no callus after 30 days on GM. However, the cut ends of explants 

became thickened and very tiny undifferentiated shoots were seen. Only 40% 

of explants at 14 days exposure produced shoots after 30 days on GM. 

However, after 60 days of incubation on GM, 14 days exposure to SIM 

produced 100% shoot response and significantly highest number of shoots 

(1.4) compared to 7, 21 and 28-days of SIM exposure with each treatment 

significantly different from one another (Table 3.5). D. pruriens had very low 

shoot response even after 60 days incubation on GM, with the least shoot 

response (35%) and least number of shoots (0.5) per explant at 7 days 

exposure. Shoots of D. pruriens became more visible and discrete after 60 

days or 90 days (Figure 3.2) of incubation despite a much lower shoot and 

growth response compared to D. jerseyana. 
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Figure 3.2. The optimization of the effect of 1.0 µm NAA and 1.0 µm TDZ 
(SIM) on mature internode and leaf explants of D. jerseyana. Letters denoted 
by a, b, c, d and e are significantly different at 5% level.   
 
 

Table 3.5 The effect of exposure of mature D. pruriens and D. jerseyana 

internode explants to SIM for 0, 7, 14, 21 and 28 days before transfer to GM for 

30 days and 60 days (D. pruriens) and 30 (D. jerseyana) of incubation 

Species Response Duration of exposure to shoot induction medium 

(days) 

0 7 14 21 28 

D. jerseyana Explants with callus (%) 100 11.4 30 83.3 75 

(30 days) Explants with shoots (%) 30 80 95 65 10 

 Number of shoots/explant 1.17 a  2.9 b 7.4 d 4.9 c 1 a 

 Explants with thickened end (%) 85.9 0 25 40 95 

 Explants with callused base (%) 0 70 40 45 90 

D. pruriens Explants with callus (%) 0 0 0 0 0 

(30 days) Explants with shoots (%) 0 25 40 20 5 

 Number of shoots/explant 0
* 

0
*
 0

*
 0

*
 0

*
 

 Explants with thickened end (%) 53.3 25 90 85 100 

 Explants with callused base (%)  0 0 0 0 0 

D. pruriens Explants with shoots (%) 0 35 100 55 47 

(60 days) Number of shoots/explant 0 0.45
a 

1.35
 d
 0.83

 c 
 0.6 

b
 

 
Number of shoots is expressed as mean values. Zero values were included to calculate mean 
differences to see variation in response. Letters denoted by a, b, c, d and e are significantly 
different at 5% level. 

*
 Too small to count. 
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3.4.4.2 Optimisation of duration of exposure using mature leaf explants for 

direct organogenesis in D. pruriens  

The exposure times tested for leaf explants of D. pruriens (mg) for 0, 3, 6 and 

9 days showed greatest number of shoots (2.9) and shoot response (15.4 %) 

at 6 days (Table 3.6). Greater numbers of shoots developed from the 

thickened petioles and veins after another 4 weeks of incubation on GM 

without any callus phase. After second subculture more shoots developed but 

no callus was formed on any explants after another 4 weeks.  

 

Table 3.6.  The effect of duration of exposure of D. pruriens leaves to SIM for 

0, 3, 6 and 9 days before transfer to GM. The number of explants with shoots 

(%) and the mean number of shoots per explant were recorded 8 weeks after 

initial induction. 

Response Duration of exposure (days) 

0 3 6 9 

Explants with shoots (%) 0 7.6 15.4 9 

Number of shoots (mean) 0 1.0 a     2.85b 1.0 a 

 

Number of shoots is expressed as mean values. Explants with no shoots were not included 
in the mean calculation. Letters a, b indicate the means are significantly different at 5% level. 

 

3.4.4.3 Optimisation of duration of exposure time using mature internode and 

leaf explants for direct organogenesis in D. jerseyana  

Mature D. jerseyana internodes and leaves (mm) exposed to SIM for 0, 1, 3 

and 5 days produced shoots directly from explants without any callus phase. 

There was no significant difference in 1 and 3 day SIM exposure for number 

of shoots per explant and shoot heights in both explants (Figure 3.3). Leaf 

explants produced a significantly greater number of shoots (6.0) compared to 

internode explants (3.3). One-day exposure to SIM produced 100% shoot 

response from both internodes and leaf explants. The number of shoots in 

both explants and shoot heights from leaf explants were significantly lower 

after 5-days SIM exposure. After transfer to GM, the number of shoots in 1, 3 
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and 5 days exposure increased without any callus (Figure 3.4). Shoot growth 

became more prolific on the veins at 90 days (Figure 3.5). After second 

transfer to fresh GM, the number of shoots with heights (15-28 mm) increased 

producing 3-5 nodes per shoot upon 4 weeks of incubation. Multiple new 

shoots developed at the base without any callus.  

 

 

3.5 Discussion 

 

All available explants from immature and mature D. jerseyana and D. 

pruriens including their embryos and leaf explants from D. johnsonii were 

systematically (Appendix 3.1) treated with various combinations of 2,4-D, or 

NAA and BA or TDZ for different durations of incubation but embryogenesis 

was not achieved in any species. The results from tables 3.7 to 3.13 

(Appendix 3.2) provided the basis for designing experiments for 

organogenesis in D. jerseyana and D. pruriens. Mature leaves of both D. 

jerseyana and D. pruriens were the best explants for regeneration of mature 

plants, producing a mean number of 7.3 and 2.7 shoots respectively. Growth 

in D. pruriens was much slower and fewer shoots were formed (Appendix 

3.3). D. jerseyana produced 40-60 shoots with a mean height of 6.8 mm in 12 

weeks using 2-3 nodes (Appendix 3.4). Rhizogenesis has been achieved by 

incubation of the shoots on ½ MS medium containing 32.2 µM IBA (Indole-3-

butyric acid) for 3 and 5-7 days for D. jerseyana and D. pruriens respectively 

following the method of Nand et al., (2004). Regeneration and 

micropropagation of D. jerseyana has been much easier than D. pruriens and 

D. johnsonii. Genetic variation within and between these species has been 

confirmed using RAF (Randomly Amplified DNA Fingerprinting) molecular 

marker technology (Nand et al., 2005).  

 

Genotype-specific and species-specific response is commonly observed in 

other species, and many valuable species are difficult or impossible to 

clonally propagate via tissue culture morphogenesis such as in Eucalyptus 
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(McComb et al., 1996). Therefore, a range of PGR combinations is essential 

to determine morphogenic responses in all species. For example, in vine 

cactus (Pellah et al., 2002) 100-400 µM TDZ was used for organogenesis, 

with the best morphogenic response at 200 µM TDZ. In D. johnsonii, even 1.0 

µM TDZ became lethal after 15-20 days. Exposure to BA, TDZ, 2,4-D, and 

NAA produced callus in all three species, and combinations of TDZ and NAA 

produced adventitious shoots via organogenesis in juvenile and mature 

tissues of D. jerseyana and D. pruriens. TDZ is considered a potent growth 

regulator especially for woody tissues (Heutteman and Preece, 1993; Mante 

et al., 1989; Goffreda et al., 1995, Pooler and Scorza, 1995), and is widely 

used for organogensis in many woody fruit tree species (Ainsley et al., 2001; 

Ravishankar Rai and McComb, 2002) including some Australian species (Taji 

and Williams, 1996). TDZ was found to be six times more efficient than BA in 

induction of shoots in Campanula carpatica Jacq., an ornamental plant 

(Sriskandarajah et al., 2001). TDZ was found to be a more potent cytokinin 

for Davidsonia than BA. 

 

Somatic embryogenesis is one of the most useful methods for regeneration of 

plants. However, attempts at using various treatments of 2,4-D or NAA 

combined with BA or TDZ using cotyledons, embryos and leaf explants of 

Davidsonia species failed to produce somatic embryos. As reported by Litz 

and Gray (1995), morphogenesis occurs in some species via formation of 

embryos and adventitious shoots; however, only shoots were formed in 

Davidsonia species despite a wide range of tissues, several PGR 

combinations at numerous concentrations, and various exposure durations. 

Similarly, no embryoids were observed in the regeneration of quandong (S. 

acuminatum) and plum bush (S. lanceolatum), two Native Australian fruit 

trees, as reported by Barlass et al. (1980). However, a closely related species 

S. album (sandalwood) has been reported to form embryoids (Bapat and 

Rao, 1979; Lakshmi Sita et al., 1979; Ravishankar Rai and McComb, 2002). 
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Figure 3.3.  Juvenile D. pruriens internodes (A) and leaves (B) exposed to 1.0 
µM NAA and 1.0 µM TDZ for 14 days and 6 days respectively followed by 60 
days incubation on GM. 

 

         0 day                      1.0 day                   3.0 days                   5.0 days    

Figure 3.4. Results of a range of exposure times (0-5 days) to 1.0 µM NAA and 
1.0 µM TDZ in mature D. jerseyana leaves after 60 days of incubation on GM. 
 

 

A                         B                               C 

 

 

 

 

 
 

 

Figure 3.5. Mature D. jerseyana leaves exposed to 1.0 µM NAA and 1.0 µM 
TDZ for 0 (A), 1(B)  and 3(C) days, followed by 90 days of incubation on GM.  
 



 

Organogenesis in Davidsonia species                                                             Chapter 3 

 

90 

After testing various PGR combinations and concentrations, efficient 

conditions for organogenesis in D. jerseyana and D. pruriens were 

developed. Explants developed adventitious shoots both at the peripheries of 

callus and explants. White icy or greenish compact callus were formed in D. 

pruriens whereas D. jerseyana and D. johnsonii formed white and pink friable 

callus after 15-18 days of induction. However, D. johnsonii failed to form 

shoots in any treatment. Explants which produced shoots without callus 

developed thickened bases and split to allow shoots to proliferate upon 

transfer to fresh growth media. Adventitious shoot regeneration was 

successfully achieved by direct and indirect organogenesis in D. jerseyana 

and D. pruriens. Treatments with 5.0 µM and 10.0 µM 2,4-D and 1.0 µM NAA 

with TDZ combinations in leaf explants of D. johnsonii produced good callus 

and roots but neither embryos nor shoots were produced, and the callus 

eventually died after transfer. 

 

Leaf explants of mature plants directly from the greenhouse and 

micropropagated material from the same plant responded differently to the 

same treatments. Similarly, various explants (embryos, nodes, cotyledons, 

stems and leaves) from the same seedling plant responded differently to the 

same treatments, and even in vitro tissues of the same genotype produced 

variations in response. Mature explants were observed to be poor 

regenerants compared to juvenile and in vitro grown tissues, and we believe 

that phenolic exudation is the reason for this problem for the adult tissues of 

all three species. This was overcome by relocating the explants to a new 

position on the same medium. 

 

Some treatments with low auxin and cytokinin concentrations leading to direct 

shoot organogensis in D. jerseyana and D. pruriens produced multiple shoots 

from axillary nodes as previously reported (Nand et al., 2004). Both these 

species produced shoots with BA or TDZ and 2,4-D or NAA treatments to 

form callus and adventitious shoots. Transfer onto GM caused a more prolific 

growth of shoots (Appendix 3.4) in terms of numbers and height on all 
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explants, and shoots produced on the explants were more discrete and 

easier to count and measure. As noted in almonds (Ainsley et al., 2001), 

placing explants in the dark for the first 7 days improved shoot induction.  

 

Although indirect organogenesis via callus was easily achieved in leaves, 

nodes and internodes of D. jerseyana and with slight difficulty in D. pruriens, 

a callus phase may introduce somaclonal variation (Litz and Gray, 1995). D. 

jerseyana internode and leaf explants incubated on 1.0 µM TDZ and 1.0 µM 

NAA (SIM) for 1, 3 and 5 days and D. pruriens internodes incubated for 14 

days and leaf explants incubated for 3 and 6 days produced adventitious 

shoots without any callus, minimising the risk of loss of genetic integrity from 

both juvenile and mature tissues. However, direct organogenesis of mature 

tissues is preferred for clonal multiplication of selected elite genotypes. 

Optimisation of SIM exposure time for direct or indirect organogenesis 

pathways, as performed here for Davidsonia, has not been widely explored; 

however, the technique has been used in our laboratory to optimize 

rhizogenesis for several species (Drew, 1991). 

 

Lateral buds and leaf explants from seedless D. johnsonii formed callus but 

no shoots. This species’ rarity, demand, vulnerability, and seedlessness have 

made it important to clonally micropropagate this species. Mature lateral buds 

and leaf explants produced nodular callus but failed to produce shoots. In the 

future, further experiments could investigate other PGR combinations or an 

alternative basal medium such as Woody Plant Medium (WPM), used in 

regeneration of many species (Jain and Babbar, 2003, McComb et al., 1996, 

Taji and Williams, 1996). 
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3.6 Conclusions  

 

A series of investigations were systematically conducted to obtain 

embryogenesis from juvenile or mature explants without success. However, it 

is important to document that Davidsonia species are not embryogenic, in 

order to facilitate future research and to highlight the challenges encountered 

while working with these native species. While protocols with nodal sections 

and apices have been used for clonal propagation of D. jerseyana and D. 

pruriens (Nand et al., 2004), adventitious shoot regeneration via direct and 

indirect organogenesis using cotyledons, cotyledonary nodes, internodes, 

leaves and petioles for these species has been achieved and reported here 

for the first time. Mature leaf and internode explants of D. pruriens produced 

multiple shoots with SIM without callus phase, when incubated for 6 and 14 

days, respectively. However, D. jerseyana produced higher number of shoots 

on mature leaf explants after 2 days and on internode explants after 3 days 

exposure to SIM, without any callus phase. The organogenically derived 

shoots gained 15 to 28 mm height for D. jerseyana and 12-18 mm for D. 

pruriens after 60 days on GM, with more nodes per shoot for higher 

multiplication rates for both species compared to protocols in Chapter 2. 

Success with mature plant tissues is important for clonal multiplication of 

selected adult genotypes from the field. Direct organogenesis could be a very 

useful technology for the propagation of Davisdonia trees with disease 

resistance, superior fruit qualities, and for the conservation of germplasm of 

this species as reported for papaya (Ashmore et al., 2000).  
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APPENDIX TO CHAPTER 3 

 

 

 

 

 

(The flow chart and the following data were not included in the submission of 

this manuscript for publication in Biologia Plantarum) 
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Appendix 3.1: Flow chart showing the systematic investigation procedures to 

the optimization of organogenesis process in Davidsonia species. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e. Application of TDZ with 
NAA (as in juvenile 
Almonds) for organojenesis 
applied to various juvenile 
explants of D. pruriens and 
D. jerseyana 
(i) 1.0 uM NAA and TDZ 
treatments to pr for 30 days 
exposure. 
(ii) Optimum treatment in (i) 
applied to D. jerseyana 
producing quality tall shoots 
on GM 

a. Response of mature 
and juvenile pr and 
mature D. johnsonii to 
BA and 2,4-D 
treatments. D. pruriens 
and D. johnsonii are 
difficult to 
microprppagate. No 
juvenile D. johnsonii 
material. 

b. Optimum 2.5 uM 
2,4-D to induce callus, 
embryogenesis or 
organogenesis in D. 
pruriens,D. johnsonii  
& D. jerseyana 

d. (i) Use of 10 um 2,4-
D & 1.0 uM BA in 
mature D. johsonii at 
increasing period of 
exposure time. No 
shoots.  
(ii) Using 10 uM 2,4-D 
and TDZ treatments 
for 30 days for callus 
and but no shoots 
produced. 

 

c. No shoots or embryos 
in D.pruriens or D. 
johsonii. Utilization of 
most potent cytokinin, 
TDZ for shoot induction 
as in almonds. D. 
jerseyana formed shoots  

j. Direct organogenesis 
in mature leaf of D. 
pruriens since 
internodes were too 
thick. Preliminary expt. 
showed 7 days best for 
mature leaves.  

f. Mature internodes 
of D. jerseyana shoot 
response treated with 
NAA & TDZ for 
optimization. 

g. Shoot induction in 
mature leaf explants of 
D. jerseyana NAA and 
TDZ treatments. 
Leaves of D. jerseyana 
readily available from 
field and green house. 

h. Selection of best 
explant for 
organogenesis in D. 
pruriens & D. jerseyana 
with shoot induction 
(SIM). D. pruriens 
leaves used for 
preliminary experiment. 

i. Optimisation of 
exposure time to SIM 
using internodes as 
most suitable explant 
for D. prureins and D. 
jerseyana but no 
callus formed. 

k. Optimization of 
exposure time to SIM 
for direct 
organogenesis in 
mature internode and 
leaf explants of D. 
jerseyana 
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Appendix 3.2 
  
Table 3.7. Effect of various 2,4-D and BA treatments for callus induction and potential 
embryogenesis or organogenesis in D.  pruriens and D. johnsonii . Explants were incubated 
on medium containing ½ MS and various PGR combinations for 4 weeks and then 
transferred to GM (n=16 explants) 

Species Explant Auxin 
(µM 2,4-D) 

Cytokinin 
(µM BA) 

Callus 
response 

(%) 

Callus 
rating 

(1-5 best) 

Shoot 
response 

% 

Root 
response 
  % 

D. pruriens Cotyledon (js) 10.0 0  100 1.3 0 0 

  10.0 0.5 100 3.1 0 68 

  10.0 1.0 87 3.4 0 46 

  10.0 2.5 81 2.6 0 0 

  10.0  5.0 36 2.2 0 0 

 Leaf (jm) 10.0 0 96 1.4 0 36 

  10.0 0.5 100 3.6 0 28 

  10.0 1.0 100 3.4 0 0 

  10.0 2.5 94 2.8 0 0 

  10.0 5.0 75 2.5 0 0 

D. johnsonii  Leaf  (mg) 10.0 0     25 0.9 0 0 

  10.0 0.1 75 2.1 0 0 

  10.0  0.5 87 3.4 0 0 

  10.0  1.0 31 2.6 0 0 

  10.0  2.5 37 2.3 0 0 

  10.0  5.0 37 1.2 0 0 

D. pruriens Leaf (mg) 5.0  0 94 4.0 0 42 

  5.0  0.1 100 2.8 0 25 

  5.0  0.5 100 3.1 0 0 

  5.0  1.0 100 3.6 0 0 

  5.0  2.5 88 3.1 0 0 

  5.0 5.0 43 0.8 0 0 

D. johnsonii  Leaf (mg)  5.0 0 88 3.2 0 0 

  5.0 0.1 88 3.8 0 0 

  5.0 0.5 75 2.6 0 0 

  5.0 1.0 31 1.2 0 0 

  5.0 2.5 25 0.5 0 0 

  5.0 5.0 0 0 0 0 

D. pruriens Leaf (mg) 2.5 0 100 3.9 0 18 

  2.5 0.1 100 3.7 0 0 

  2.5 0.5 88 3.7 0 0 

  2.5 1.0 94 2.6 0 0 

  2.5 2.5 50 1.6 0 0 

  2.5 5.0 44 0.7 0 0 

D. johnsonii  Leaf (mg) 2.5 0 50 1.9 0 0 

  2.5 0.1 56 2.2 0 0 

  2.5 0.5 63 2.3 0 0 

  2.5 1.0 48 1.8 0 0 

  2.5 2.5 50 1.2 0 0 

  2.5 5.0 22 0.7 0 0 

Callus rating; 1-5 best. D. johnsonii formed pink friable callus mainly on veins. D. pruriens formed white (jm) or white 
and pink (mg) callus. Callus induction with various combinations of PGRs was done in anticipation of some induction 
of embryogenesis or organogenesis in D. pruriens and D. johnsonii  using juvenile seedling (js) and mature 
greenhouse (mg) explants. 
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Table 3.8. Effect of various 2,4-D or NAA and TDZ or BA treatments for 
embryogenesis or organogenesis in D.  pruriens and D. johnsonii in ½ MS 
incubated for 33 days 

 

Species Explant Auxin 

2,4-D 

(µM) 

Cytokinin Callus 

response 

(%) 

Callus 

rating 

(1-5 
best) 

Shoot 

response 

(%) 

Root 

response 

(%) 

D. pruriens  Leaf  (mg) 10  100 4 0 0 

D. johnsonii (Nim)  10  100 2.7 0 0 

D. johnsonii (FTP)  10  100 4.3 0 0 

D. pruriens Leaf (mg) 10 0 µM TDZ 83 3.7 0 0 

  10 0.32µM TDZ 100 1.9 0 0 

  10 1.0 µM TDZ 85 1.6 0 0 

  10 3.2 µM TDZ 82 1.3 0 0 

  10 10 µM TDZ 57 0.5 0 0 

 Leaf (jm) 10 0 µM TDZ 100 3.5 0 62 

  10 0.32 µM TDZ 100 2.4 0 0 

  10 1.0 µM TDZ 100 2.1 0 0 

  10 3.2 µM TDZ 80 1.8 0 0 

  10 10µM TDZ 80 1.2 0 0 

D. johnsonii (Nim) Leaf  (mg) 10 0 µM TDZ 100 3.5 0 0 

  10 0.32 µM TDZ 45 2.6 0 0 

  10 1.0 µM TDZ 54 1.9 0 0 

  10 3.2 µM TDZ 58 1.2 0 0 

  10 10 µM TDZ 23 0.8 0 0 

D. johnsonii (FTP) Leaf (mg)  10 0 µM TDZ 100 3.6 0 0 

  10 0.32 µM TDZ 50 2.1 0 0 

  10 1.0 µM TDZ 25 1.8 0 0 

  10 3.2 µM TDZ 17 1.5 0 0 

  10 10 µM TDZ 15 0.6 0 0 

D. pruriens Leaf (mg) 5.0 0 µM BA 100 3.8 0 0 

  5.0 0.1 µM BA 100 3.8 0 0 

  5.0 1.0 µM BA 95 2.2 0 0 

  5.0 10.0 µM BA 100 2.4 0 0 

  5.0 32.2 µM BA 100 1.6 0 0 

D. johnsonii (Nim) Leaf (mg) 5.0 0 µM BA 39 0 0 0 

  5.0 0.1 µM BA 0 0 0 0 

  5.0 1.0 µM BA 0 0 0 0 

  5.0 10.0 µM BA 0 0 0 0 

  5.0 32.2 µM BA 0 0 0 0 

D. pruriens Leaf (mg) 1.0 0 µM BA 100 1.9 0 72 

  1.0 0.32 µM BA 100 1.3 0 38 

  1.0 1.0 µM BA 100 2.1 0 68 

  1.0 3.2 µM BA 75 1.8 0 0 

 

Callus rating 1-5 best. D. johnsonii was sourced from Nimbin (Nim.) and Fig Tree Pocket 
(FTP), NSW. D. johnsonii formed pink friable callus mainly on veins. D. pruriens formed white 
callus on juvenile micropropagated (jm) or white and pink callus on mature greenhouse (mg) 
explants and green nodular callus with 1.0 µM NAA and BA treatments. No embryogenesis 
or organogenesis was observed either in D. pruriens or D. johnsonii.  
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Table 3.9. Effect of 0.1 µM NAA in combination with low concentrations of TDZ 
 

Explant TDZ concentration 
(µM) 

Explants with 
callus (%) 

Callus rating 
(1-5 best) 
mean 

D. prureins (mg)  0 0 14 0.3 

  0.1 0.1 14 1.8  

 0.32 54 2.6 

 1.0 67 3.2 

D. prureins (jm)           0  0 0 0 

 0.1 0 0 

 0.32 14.3 1.75 

 1.0 36 0.88 

D. jerseyana (mg)           0 231 0 16 0.3 

 0.1 27 0.2 

 0.32 22 0.5 

 1.0 57 1.8 
 

Callus rating; 1-5 best. D. johnsonii formed pink friable callus mainly on veins. D. pruriens 
formed white callus on juvenile micropropagated (jm) or white and pink callus on mature 
greenhouse (mg) explants. Various combinations of PGRs were used, but no embryogenesis 
or organogenesis was observed either in D. pruriens (jm, mg) or in D. johnsonii (mg) 
explants. 

 

 

Table3.10. Effect of 10.0 µM 2,4-D in ½ MS on callus induction in mature leaf 
explants of D. pruriens and D. johnsonii at different days of exposure 
 

  0 4 8 12 16 20 

D. pruriens % Callus 0 100 100 100 100 100 

 CR 0 1.5 2 2.5 3 4 

 %shoots 0 0 0 0 0 0 

 % roots 0 64 10 0 0 0 

D. 
johnsonii 
FTP % Callus 0 100 100 100 100 100 

 CR 0 1.5 1.8 3.5 4.1 4.3 

 % shoots 0 0 0 0 0 0 

 % roots 0 0 0 0 0 0 

D. 
johnsonii 
Nim % Callus 0 0 38.5 100 100 100 

 CR 0 0 0.5 1.5 1.8 2.7 

 % shoots 0 0 0 0 0 0 

 % roots 0 0 0 0 0 0 

 
No embryos was formed on mature leaf explants after exposure to 10.0 µM 2,4-D for various 
number of days despite high callus rating after 12 days. Results were recorded after 4 weeks 
of transfer to ½ MS medium.  
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 Table 3.11. Effect of 10.0 µM 2,4-D and various TDZ concentrations on mature 
leaf explants of D. pruriens and D. johnsonii.  
 
Species    0µ TDZ  0.32 µM 

TDZ 
1.0 µM TDZ 3.2 µM TDZ 10 µM TDZ 

D. johnsonii 
(Nimbin) 
(mgh) 

Callus response (%) 100 
pink friable 

45 
callus on 

veins  

54 
callus on 

veins  

58 
callus on 

veins  

23 
callus on 

veins  

Callus rating  3.5 2.6 1.9 1.2 0.8 callus die 
later 

Shoot response (%) 0 0 0 0 0 

% roots 0 0 0 0 0 

D. johnsonii 
(Fig Tree 
Pocket) 
(mgh) 

Callus response (%) 100 50 25 17 15 

Callus rating  3.6 2.1 1.8 1.5 0.6 

Shoot response (%) 0 0 0 0 0 

% roots 0 0 0 0 0 

D. pruriens 
(mgh) 

Callus response (%) 83 100 85 82 57 

Callus rating  3.7 1.9 1.6 1.3 0.5 

Shoot response (%) 0 0 0 0 0 

% roots 68 0 0 0 0 

D. pruriens 
(jm) 

Callus response (%) 100 
White callus 100 100 80 80 

 Callus rating  3.5 2.4 2.1 1.8 1.2 

 Shoot response (%) 0 0 0 0  

 % roots 62 0 0 0 0 

 
D. johnsonii explants died after 20-30 days on TDZ. No shoots or embryos were formed on any 
treatments although D. pruriens (jm) formed roots but not D. johnsonii after 4 weeks incubation 
on ½ MS. 

 
Table 3.12. Effect of 5.0 µM 2,4-D and various BA concentrations on D. pruriens 
and D. johnsonii mature leaf explants.  
 

  5 µM  
2,4D 

0.1µM 
  BA 

1.0 µM 

BA 

10.0 µM 

     BA    

32.2µM 

BA 

D.pruriens % Callus 100 100 95 100 100 

Callus 
rating 3.8 3.8 2.2 3.4 1.6 

D.johnsonii % Callus  39 0 0 0 0 

Callus 
rating 2 0 0 0 0 

 
No roots, shoots or embryos were formed on any treatments after 4 weeks and callus died when 
transferred onto ½ MS.  
 
 

Table 3.13. Effect of treatment of D. pruriens leaves (mg) with 0.1 µM NAA, an 
alternative auxin and various BA concentrations in ½ MS 
 

 0 µM BA  0.32 µM BA 1.0 µM BA 3.2 µM BA 

Callus % 0 100 100 75 

Roots % 0 38 68 0 

shoots % 0 0 0 0 
 

No shoots or embryos were formed at any treatment after incubation on ½ MS for further 30 days. 
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Appendix 3.3 
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Figure 3.6 . Organogenesis in D. pruriens         
showing best callus rating of 5 (80-100%) in 
explant A. Explant B produced least (1) 
callus (0-20%). Explants C, D and E did not 
produce any callus but direct shoots. 

 

Figure 3.7. Organogenesis in D. pruriens produced 
shoot height of more than 30 mm after 9-12 weeks 
upon second sub-culture on GM.  

Figure 3.8. Organogenic shoot of D. pruriens with maximum of 3-4 nodes for 
dissection after 12 weeks on GM. 
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    Appendix 3.4 

 

 

     Figure 3.9. Multiple organogenic shoots of D. jerseyana with maximum of 4-5 nodes from  
     each shoot gaining 15-28 mm height after 5-6 weeks on GM. 
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CHAPTER 4 

 

 

 

An improved micropropagation protocol for D. 

pruriens and D. jerseyana – an Australian native plum 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             D. jerseyana                                        D. pruriens 

 

 
         Plate 4                                                                      Photo: N. Nand (2007) 
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4.1 Abstract 

 

Gibberellic Acid (GA3) significantly improved the micropropagation technique 

for Davidsonia species although it inhibited the formation of roots in the two 

species tested. The leaves and stems of D. pruriens are very hairy and stems 

are thick and thus it is very difficult to decontaminate mature explants.  Shoot 

height and number of leaves were greater after treatment with 3.2 and 10 µM 

gibberellic acid on three types of nodal explants from in vitro seedlings of D. 

pruriens. Shoot height of nodal explants from in vitro seedlings and mature D. 

jerseyana, also increased but it was more responsive at lower (0.1 µM) 

gibberellic acid concentrations. The application of 1.0 µM GA3 in combination 

with 1.0 µM NAA and 1.0 µM TDZ used for organogenesis, produced multiple 

shoots in internodes, nodes, and apical tips. The apical tips produced 4-5 

nodes in 60 days which was the best multiplication rate for the recalcitrant D. 

pruriens. Thin side shoots of D. jerseyana from mature plants from a 

greenhouse were decontaminated more easily than D. pruriens despite some 

hairs. Rhizogenesis response in shoots of both the species in culture was 

high but addition of GA3 caused a decrease in the mean number and length 

of roots even at the lowest (0.1 µM) GA3 concentration. The use of GA3 

improved the shoot heights of both the species and resulted in an improved 

multiplication rate of D. pruriens which required a slightly higher concentration 

for best shoot response.  

 

 
 
 
 
__________________________________________________________________________ 
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4.2 Introduction 

Davidson’s plum (Floyd, 1961), an Australian native plum of family 

Cunoniaceae (Harden and Williams, 2000) has three species of which two 

are being cultivated for Australian cuisines on small to medium farms 

(Graham and Hart, 1997). D. pruriens F. Muell., is native to northern 

Queensland (Qld); and, D. jerseyana F. Muell. ex F.M. Bailey, G. Harden & 

J.B. Williams and D. johnsonii G. Harden & J.B. Williams, are native to 

northern New South Wales (NSW). These species, are grown as ornamental 

trees and the fruits are utilised for making wine, jams, sauces, jelly, juice, 

flavours, desserts, salad dressings, preserves, conserves, and confectionery 

(Hardwick, 1996; Graham and Hart, 1997; Ahmed and Johnson, 2000) and 

for vinegar (Cherrikoff, 1994). Traditionally propagated by seeds (Ahmed and 

Johnson, 2000) and cuttings (Hardwick, 1996) the cultivated species can be 

propagated in vitro (Nand et al., 2004). D. johnsonii reproduces only by 

suckering (Costin, 1996) and is still limited to small populations in northern 

NSW, but is of special interest due to its seedless nature. 

 

Shoot regeneration from shoot tips and nodal explants of many Austalian 

native fruit bearing species have been reported (Barlass et al., 1981; Bunn 

and Dixon, 1996; de Fossard, 1974, 1977; McComb et al., 1996; Mulwa and 

Bhalla, 2000; Nand et al., 2004, Taji and Williams, 1996). Many of these 

species are difficult to micropropagate due to problems with phenolics and 

the difficulty in decontamination of mature tissues. Davidsonia species have 

very hairy stems and leaves and D. pruriens has a single thick apical and 

hairy bud which is virtually impossible to decontaminate. D. jerseyana, 

however, is more branching with thinner apical buds and produces lateral 

shoots which were obtained from mature pot plants grown in the glass house 

(Nand et al., 2004). Axillary shoots in mature plants of D. pruriens have been 

induced in the glass house (Nand et al., 2004).  
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Found naturally in immature seeds, apices of roots and shoots and young 

leaves of angiosperms and some fungi, GA3 is isolated for use as PGRs in 

breaking dormancy, increased pollination for fruiting and hybridisation, 

maintaining flowers, or increased shoot elongation in many species (Riley, 

1987; George, 1993; Vengadesan et al., 2002; Lin et al., 2005). It breaks 

dormancy in many Australian native shrub species used for revegetation and 

landscaping despite inhibitory and reduced germination in some species of 

forbs (Wills & Groves, 1991), where as other species like Ixodia achillaeoides 

R, Br., Ptilotus exaltatus Nees Codonocarpus pyramidalis F. Muell and 

Exocarpus aphyllus R. Br. have positively responded through greater levels 

of germination. GA4 has been more effective than GA3 for breaking dormancy 

in the hard seeded Santalum (Loveys & Jusaitis, 1994). 

 

In addition, GA3 has been used successfully to induce flowering, fruiting and 

shoot growth in many species. Flowering of Spathiphyllum has been 

controlled with GA3 for all year round commercial production of white 

blooming plants in Florida (Henry & Rasmussen, 2005), controlling fruit 

production of pears (Turner, 2005), citrus (Arias et al., 2005; Koshita et al., 

1999) and in Patterson apricot, Prunus armeniaca L. (Southwick et al., 1995); 

and, bud control, flowering and firmness of Prunus avium L. (sweet cherry) 

(Lenahan & Whiting, 2006). It has also been used successfully in 

micrografting of avocado (Simon et al., 2005), and other Australian species 

(Taji & Williams, 1996). Combinations of GA3 with cytokinins have been used 

for shoot proliferation of several species of Eucalyptus (McComb et al., 1996; 

Das & Mitra, 2004; Rao & Venkateswara, 1985), Eucalyptus and Grevillea 

(Johnson, 1996) and several Australian endangered species (Panaia et al., 

2000). 

  

Plant growth regulators such as BA, TDZ, NAA and 2,4-D have been used for 

in vitro culture of D. pruriens and D. jerseyana (Nand et al., 2004). Both these 

allopatric species have also shown considerable genetic variation (Nand et 

al., 2005) and different responses to PGRs. Elongation of leaf tissue of D. 
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pruriens in tissue culture pushed the shoots off the growth media, prevented 

shoot elongation and produced lower multiplication rates, however, when 

supplemented with 1.0 µM GA3 (Nand et al., 2004), multiplication rates of 

both D. pruriens and D. jerseyana improved with greater benefit to D. 

pruriens (Nand et al., 2004). The effect of various GA3 treatments and rooting 

response due to residual effect of exogenous GA3 was not investigated 

previously. 

 

An efficient regeneration system for rapid multiplication by tissue culture and 

biotechnological methods needs to be developed for these species as their 

demand and risks from wild harvests increases. This investigation focussed 

on development of a more efficient regeneration system for D. pruriens which 

had a relatively low multiplication rate compared to D. jerseyana (Nand et al, 

2004).  This report describes the use of GA3 to increase shoot height, number 

of nodes per explant and response to a combination of TDZ and NAA on 

various explants to provide higher multiplication rates in D. jerseyana and in 

highly recalcitrant D. pruriens.  

 

4.3 Materials and methods 

 

4.3.1 Plant Material  

 

Nodal explants from 6-8 week old in vitro grown seedlings (js), juvenile 

micropropagated (jm) and organogenically derived juvenile micropagated 

(ojm) explants of D. pruriens and mature micropropagated explants (mm) of 

D. jerseyana (5-8 mm in length) were used for each experiment as stated. 

Decontamination of all fruits to obtain seeds and mature greenhouse (mgh) 

explants was achieved by dipping in a solution (v/v, 1:10) of hospital grade 

disinfectant, domestos (active ingredients 49.9 glˉ1 NaOCl, 5.0% m/v 

available chlorine, 12.2 glˉ1 sodium hydroxide, and 0.5 glˉ1 alkaline salts) for 

10 min followed by three washes in 100 ml autoclaved Milli-Q water for 
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preliminary experiments. All explants were dried on sterile tissue paper 

before being placed onto media. 

 

4.3.2 Culture media 

 

Explant material (js, jm, mm and ojm) was grown on MS media, containing 

combinations of plant growth regulators (PGR’s) as specified for each 

experiment below and then transferred onto 30 ml of basal MS medium (BM). 

All media contained 3% sucrose and 8 g l−1 Difco bacto agar gelled in 120 ml 

polycarbonate tubes. The pH was adjusted to 5.65 before autoclaving at 121 

ºC for 20 min. Cultures were incubated at 28 ±2 ºC for 16 h days with cool 

white fluorescent tubes providing a photosynthetic photon flux of 25-30 µ mol 

m−2 s −1 in the growth room.  

 

4.3.3 Recording and analysis of data  

 

Shoot height, number of leaves, length of longest leaf, length of the longest 

internode and leaf quality (1-5 best; dark green mature-like) for 24 replicates 

(or unless stated otherwise) in each experiment was measured after 32–35 

days (as stated) on shoot induction media. Number of days to root 

appearance was recorded and the root length, number of roots and maximum 

length of root was measured after 30 days (or unless stated otherwise) from 

root induction. Data was analysed using analysis of variance (ANOVA) at p < 

0.05 level of significance and all results are described and discussed at this 

level. 
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4.3.4 Effect of GA3 treatment on various explants 

 

4.3.4.1 Effect of GA3 on nodal explants of juvenile D. pruriens (js), (jm) and 

(ojm) and D. jerseyana (js) 

 

Nodal explants dissected from in vitro grown seedlings (js), micropropagated 

shoots (jm) and organogenically derived shoots (ojm) of D. pruriens and 

seedlings of D. jerseyana (js) were incubated on BM containing 0, 1.0, 3.2 

and 10.0 µM GA3.  

 

4.3.4.2 Effect of a lower GA3 concentrations on nodal explants of juvenile D. 

pruriens (jm) and mature D. jerseyana (mm) 

 

Nodal explants of D. pruriens (jm) and D. jerseyana (mm) were incubated on 

BM containing a range of GA3 concentrations; 0, 0.1, 0.32, 1.0, 3.2 and 10.0 

µM GA3.  

 

4.3.5 Effect of residual GA3 on root response of D. pruriens (jm) and D. 

jerseyana (mm) 

 

Shoots of D. pruriens (js) and D. jerseyana (mm) incubated on 0, 0.1, 0.32, 

1.0, 3.2 and 10.0 µM GA3 for 32 days were transferred onto root induction 

medium (RIM), containing 32.2 µM IBA in ½ MS for 5 days (D. pruriens) and 

one day (D. jerseyana) and then transferred to rooting medium (RM): ½ MS 

containing 10 µM riboflavin (Drew 1991) for 30 days.  
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4.3.6 Effect of various concentrations of GA3 in combination with optimum 

shoot growth medium containing 1.0 µM BA for apical shoot tips (js) and 

nodal (js) explants of D. pruriens and 0.01 µM 2iP on nodal explants (mm) of 

D. jerseyana 

 

Nodal explants (js) and shoot tips (jm) of D. pruriens were placed onto BM 

containing 0, 0.1, 1.0 and 10.0 µM GA3 and 1.0 µM BA. Nodal explants (mm) 

of D. jerseyana were placed onto BM containing 0, 0.01, 0.1 and 1.0 µM GA3 

and 0.01 µM 2iP.  

 

4.3.7 Effect of 32.2 µM IBA on root response in shoots of D. pruriens (jm) and 

D. jerseyana (mm), treated with various concentrations of GA3 in combination 

with 1.0 µM  BA and 0.01 µM 2iP, respectively 

 

The shoots from 4.3.6, incubated on media containing cytokinin and various 

GA3 concentrations for 30 days had their bases carefully and thinly trimmed 

and then transferred onto ½ MS medium containing 32.2 µM IBA. After 3 

days (D. jerseyana) and 9 days (D. pruriens) incubation on root induction 

medium, the explants were transferred onto ½ MS medium containing 10.0 

µM riboflavin and incubated for 30 days (D. jerseyana) and 42 days (D. 

pruriens).  

 

4.3.8 Effect of 1.0 µM GA3 concentration in combination with shoot induction 

medium (SIM): MS containing 1.0 µM NAA and 1.0 µM TDZ for direct 

organogenesis in various explants of D. pruriens 

 
 
Apical shoots, nodes, stems (internodes) of D. pruriens (jm) were placed onto 

BM containing 1.0 µM NAA and 1.0 µM TDZ and 1.0 µM GA3 and incubated 

for 30 days. The number of visible shoots per explant and number of explants 

with shoots were counted. After 60 days the tall (25-45 mm) shoots with up to 

4-6 nodes were used for further experimentation.  
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4.4 Results  

 

4.4.1 Effect of GA3 treatment on various explants 

 

4.4.1.1 Effect of GA3 on nodal explants of juvenile D. pruriens (js), (jm) and 

(ojm) and D. jerseyana (js). 

 

The number of days to bud break in all explants of D. pruriens was longer at 

1.0 µM GA3 (Table 4.1). Shoot height (45.4 and 53.6 mm) and number of 

leaves (3.4 and 3.2) were significantly higher at 3.2 and 10.0 µM GA3 

treatments respectively when compared with the control and 1.0 µM GA3 

(Table 4.1). Shoot height and number of leaves in jm explants also increased 

at 3.2 (44.3 mm) and 10.0 µM GA3 (57.3 mm) treatments, although the leaf 

quality was best (3.2) in the control treatment (Table 4.1). The shoot height 

and the number of leaves in ojm explants increased as the GA3 

concentrations increased, with the highest shoot (88.6 mm) at 10.0 µM GA3, 

however, it had the poorest leaf quality.   

 

Juvenile D. jerseyana shoots (jm) exposed to 1.0 µM GA3 took longest for bud 

break (10.1 days) compared to other treatments (Table 4.1) with highest 

shoot height at 10.0 µM GA3 (67.4 mm). There was a significant increase in 

the shoot heights as the GA3 concentration increased. Though there was no 

significant increase in the number of leaves, the leaf length was significantly 

shorter at 3.2 and 10.0 µM GA3 compared to the control and 1.0 µM GA3 

treatment. The leaf quality was poorest (1.9) at 10.0 µM GA3 (Table 4.1). 
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Table 4.1. Effect of high concentration of gibberellic acid on nodal explants of 

D. pruriens and D. jerseyana  

 

Explant  
 

GA3 
conc. 
(µM) 

Time to 
bud break 
(days) 

Shoot 
height 
(mm)  

Mean 
number of 
leaves 
(>0.5mm) 

Maximum 
leaf length 
(mm) 

Leaf 
quality  
(1-5 rating) 

D. pruriens (js)  0 6.6
 a
 10.7

 a
 1.7

 a
 36

 b
 3.1

 b
 

 1 10.1
 c
 17.7

 a
 1.5

 a
 44

 c
 1.5

 a
 

 3.2 7.6
 ab

 45.4
 b
 3.4

 b
 39

 b
 2.7

 b
 

 10.0 8.9
 bc

 53.6 
b
 3.2 

b
 29

 a
 2.2

 ab
 

D. pruriens (jm) 
0 

 
5.8

 a
 10.8

a
 1.6

 a
 33

 b
 3.2

c
 

 1 9.9
 c
 18.3

 a
 1.7

 a
 41

c
 1.8

 a
 

 3.2 7.9
 b
 44.3

 b
 3.5

 b
 32

 ab
 2.7

 b
 

 10.0 8.9
 bc

 57.3
 b
 3.3

 b
 28

 a
 2.1

 ab
 

D. pruriens 
(ojm) 0 

 
5.8

 a
 

 
10.7

 a
 

 
2.7

 a
 

 
36

 b
 

 
3.2

 b
 

 1 9.9
 c
 36.1

 b
 5.2

 b
 44

 c
 2.8

 b
 

 3.2 8.1
 b
 59.2

 c
 7.4

 c
 39

 bc
 2.1

 c
 

 10.0 8.0
 b
 88.6

 d
 9.4

 d
 26

 a
 1.9

 a
 

D. jerseyana 
(jm) 

 
0 

 
7.6 

a
 

 
11.5 

a
 

 
2.7

 a
 

 
12

 bc
 

 
 

3.5
 c
 

 1.0 10.1 
b
 27.7 

b
 2.5

 a
 11

 b
 2.6

 b
 

 3.2 7.9 
a
 48.7 

c
 3.1

 a
 7

 a
 2.7

 b
 

 10.0 8.6 
a
 67.4 

d
 3.4

 ab
 5

 a
 1.9

 a
 

 
Days to visible buds, shoot height, number of leaves > 0.5mm, length of the longest leaf and 
leaf quality (1-5 best) were recorded after 30 days of incubation. Mean values denoted by a, 
b, c and d differ significantly at p < 0.05 across each treatment of every explant.  

 

 

4.4.2 Effect of a lower range of GA3 concentrations on nodal explants of 

juvenile D. pruriens (jm) and mature D. jerseyana (mm) 

 

The shoot height and internode length of nodal explants of D. pruriens (jm) 

increased significantly with increase in GA3 concentration above 1.0 µM 

compared to 0.1 µM GA3.  However, the stem thickness decreased at 0.32 µM 

GA3 compared to the control (Figures 4.1 & 4.4). There was a significant 

increase in the leaf length after 0.1µM and 0.32 µM GA3 treatment compared 

to control.  The leaf quality declined at 0.1µM and 3.2 µM with 10 µM GA3 

treatment having the poorest leaf quality (1.9). The internode length 

increased significantly at every treatment above 1.0 µM GA3 concentration.  
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Mature D. jerseyana (mm) explants displayed an increase in shoot height 

with every treatment as GA3 concentrations increased (Figures 4.2 & 4.5). 

The length of the internodes also increased significantly at 0.32 and 1.0 µM 

GA3. However, the stem thickness decreased at the 0.1µM GA3 treatment 

and remained same with increasing concentration.  While the number of 

leaves increased at 0.1 and remained constant the leaf length decreased at 

0.32 and 10 µM GA3 concentration. Leaf quality declined at 0.1 µM GA3, with 

the poorest quality at 10.0 µM GA3 (1.9) (Figure 4.1). After transfer to BM, 

shoot height, internode and leaf length increased while the number and 

quality of leaves improved after transfer to BM (results not shown).  

 

4.4.3. Effect of residual GA3 on root response of D. pruriens (jm) and D. 

jerseyana (mm) 

 

Although there was a decline in the percentage (96-83%) of explants with 

roots as GA3 concentrations increased for D. jerseyana, there was no 

significant difference in the number of days to root appearance with increase 

in each GA3 concentration at lower concentrations (Figure 4.2). The number 

of roots (10.3) and the length of roots (18.5 mm) were significantly greater in 

the control, but adversely affected by treatment with GA3 even at the lowest 

concentration of 0.1 µM GA3. 
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Figure 4.1. Effect of low concentrations of gibberellic acid on nodal explants of in vitro seedlings of D. 
pruriens (DPjm) and mature micropropagated D. jerseyana (DJmm). (a) Shoot height; (b) Stem thickness; 
(c) Internode length; (d) Number of leaves; (e) Maximum leaf length; (f) Leaf quality (1-5 best). Mean 
values denoted by a, b, c, and d differ significantly at p < 0.05.  
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4.4.4. Effect of various concentrations of GA3 in combination with optimum 

shoot growth medium containing 1.0 µM BA for apical shoot tips (js) and 

nodal (js) explants of D. pruriens and 0.01 µM 2iP on nodal explants (mm) of 

D. jerseyana 

 

The shoot height (13.8 mm) and number of leaves (5.2) in D. pruriens nodal 

explants was greater than the shoot height (3.8 mm) and number of leaves 

(2.3) in apical shoot tips, though there was not much difference in the leaf 

length and leaf quality in medium containing 10 µM GA3 (Table 4.2). The 

shoot tips gained 2.9 mm height in medium containing 1.0 µM GA3 and had 

the highest number of leaves with best quality and maximum length. Though 

the best shoot height (13.8 mm) and the highest number of leaves were 

produced in axillary nodes in medium containing 10.0 µM GA3, it produced 

the poorest (1.7) leaf quality (Table 4.2). Some of the axillary nodes of D. 

pruriens on the 10.0 µM GA3 treatment, obtained a maximum shoot height of 

24 mm and thickened stems up to 1.2 mm in diameter which had potentially 

3-5 nodes per shoot. Some explants had 2-4 shoots but the measurements 

were done on the tallest shoot.  

 

The axillary nodes of D. jerseyana treated with 0.01 µM 2iP and 1.0 µM GA3 

produced the tallest shoots (12.1 mm), with highest number of leaves (4.3), 

but with the poorest leaf quality (2.7) across treatments (Table 4.2). Addition 

of 0.1 µM GA3 produced shoots with height greater than the control; with no 

GA3 treatment. There was no difference in number of leaves and leaf quality 

except in 1.0 µM GA3 treatment. Maximum leaf length in 0.01 µM GA3 

treatment was highest (12.7 mm) compared to all other treatments (Table 

4.2). Shoot height reached a maximum of 23 mm with potentially 4-6 nodes 

per shoot. Many explants had multiple shoots but the tallest shoot was 

measured. 
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 Figure 4.2. Effect of GA3 concentration on rooting response of juvenile 

micropropagated D. pruriens (DPjm) and mature micropropagated D. jerseyana 

(DJmm). (a) explants with roots (%); (b) Time to first root appearance; (c) Number of 

roots; (d) Maximum root length. Mean value denoted as a,b,c and d differ significantly 

at p < 0.05. 
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Table 4.2. Effect of various GA3 concentrations in combination with optimum 
BA (1.0 µM) on D. pruriens or optimum 2iP (0.01 µM) on D. jerseyana.  

 

Explant GA3 
concentration 

(µM) 

Shoot 
height 
(mm) 

Number 
of leaves 

Maximum 
leaf length 

(mm) 

Leaf quality 
(1-5 best) 

D. pruriens 
shoot tips 

 
0 

 
2.2 a 

 
3.0 a 

 
7.9 a 

 
2 c 

 0.1 2.3 a 2.3 b 8.0 a 1.5 a 

 1.0 2.9 b 2.3 b 11.9 b 2.4 d 

 10 3.8c 2.3 b 11.3 b 1.6 b 

D. pruriens 
axillary 
nodes 

 
 

0 

 
 

2 a 

 
 

2.9 a 

 
 

12.4 a 

 
 

2.6 b 

 0.1 2.1 a 3.5 ab 13 a 2. 8 b 

 1.0 5.3 b 4.2 b 12.4 a 2.3 b 

 10 13.8 c 5.2 c 10.5 a 1.7 a 

D. jerseyana 
axillary 
nodes 

 
 

0 

 
 

5.8 a 

 
 

3.7 a 

 
 

10.9 a 

 
 

3.5 b 

 0.01 6. 5 ab 3.6 a 12.7 b 3.8 b 

 0.1 7.9 b 3.6 a 11 a 3.7 b 

 1.0 12.1 c 4.3 b 11.3 a 2.7 a 
 
Data was analysed as three separate experiments for each explant; D. pruriens shoot tips, 
and axillary nodes and D. jerseyana axillary nodes. Results were recorded after 30 days. 
Letters a, b, c, and d denote that the means are significantly different at p<0.05. Sample size 
depended on available material at the time of investigation and data was treated including 
mean values. D. pruriens apical shoot tips (n=15) and axillary nodes (n=17); D. jerseyana 
axillary nodes (n=20). 

 
 

4.4.5. Effect of 32.2 µM IBA on root response in shoots of D. pruriens (jm) 

and D. jerseyana (mm), treated with various concentrations of GA3 in 

combination with 1.0 µM BA and 0.01 µM 2iP, respectively 

 

The root response in D. pruriens at 30 days was poor and thus results were 

recorded after 42 days. The highest number of apical shoots (33%) and 

axillary shoots (86.4%) producing roots were in 1.0 µM GA3 treatments (Table 

4.3) which were lower than the shoots of D. jerseyana. Treatment with 10.0 

µM GA3, had reduced root response in both explants of D. pruriens. In D. 

jerseyana, the percentage of shoots with roots declined slightly (92%) in 1.0 

µM GA3, the highest concentration compared to 100% in the lower 
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concentration treatments.  It took longer for roots to appear at the highest 

concentration treatment in apical shoots of both species, but there was no 

difference in the duration of root appearance in the axillary shoots of D. 

pruriens. Maximum root length (12.7 mm) in D. jerseyana was obtained in 

treatment without any GA3, though the number of roots was same. Axillary 

shoots of D. pruriens produced better response in terms of number of roots, 

early appearance of roots, maximum number of roots and maximum root 

length than the apical shoots. There was much greater variation between 

treatments in root response in D. pruriens than in D. jerseyana. The mean 

number of roots in D. jerseyana axillary shoots ranged from 7.7 to 8.6, but it 

was not significantly different at any treatment (Table 4.3). However, in D. 

pruriens, the number of roots in axillary shoots ranged from 3.7 to 5.9 across 

treatments. The apical shoots treated with 1.0 µM GA3, had the highest 

number of roots (4). Root tips of some D. pruriens blackened and lifted ‘off’ 

the GM. However, D. jerseyana produced an increased number and length of 

roots which caused a more prolific growth of shoots. Root response in D. 

pruriens was better at 42 than 30 days so the measurements were taken at 

42 days.  

 

4.4.6. Effect of 1.0 µM GA3 concentration in combination with shoot induction 

medium (SIM): MS containing 1.0 µM NAA and 1.0 µM TDZ for direct 

organogenesis in various explants of D. pruriens 

 
Apices of micropropagated D. pruriens (jm) produced multiple tiny (18±3.5) 

shoots in all explants which were difficult to count visually after 30 days 

(Table 4.4), but the number of shoots increased after longer incubation on the 

same medium. Most explants from nodes (94%) had multiple but fewer 

number of shoots (3.0±1.8) where as, only 24% of the stems (internodes) 

produced 1-2 discrete tiny shoots on thickened cut ends.  



Improved micropropagation                                                                           Chapter 4 

 117 

Table 4.3. Effect of 32.2 µM IBA on root response in shoot tips and axillary 

shoots of D. pruriens and axillary shoots of D. jerseyana after root induction for 9 

days and 3 days respectively.  Shoots were transferred to rooting medium (RM) 

and number of shoots with roots (%), days to root appearance, number of roots 

per shooot and maximum length of root was recorded after 30 days (D. 

jerseyana) and 42 days (D. pruriens) 

 

Explant GA3 
Concentra
-tion (µM) 

Number of 
shoots with 

roots 
(%) 

Root 
appearance 

(days) 

Number 
of roots 

per 
explant 

Maximum 
length of 
root (mm) 

D. jerseyana 
axillary shoots 

 
0 

 
100 

 
11.4 a 

 
8.6 a 

 
18.8 b 

 0.01 100 11.4 a 7.9 a 18.2 ab 

 0.1 100 11.3 a 8.6 a 16 a 

 1.0 91.7 12.8 b 7.7 a 16.2 a 

D. pruriens 
Apical shoot tips 

 
0 

 
25 

 
23 a 

 
4 b 

 
10 b 

 0.1 25 27.8 b 3.8 ab 9.2 b 

 1.0 33.3 32.8 c 1.5 a 5 a 

 10 8.3 24 a 2 a 7 ab 

D. pruriens 
Axillary shoots  

 
0 

 
66.7 

 
25.5 a 

 
3.7 a 

 
10.6 a 

 0.1 61.1 24.5 a 5.3 ab 13 ab 

 1.0 86.4 23.7 a 5.9 b 15.3 b 

 10 52.4 26 a 4.6 ab 11 a 
 
Data was analysed as three separate experiments for each explant; D. pruriens shoot tips, and 
axillary nodes and D. jerseyana axillary nodes. Sample size varied depending on the root 
response at each treatment. Letters a, b and c are significantly different at p < 0.05. 

 

 

Table 4.4.  Effect of optimum GA3 (1.0 µM) and optimum SIM (1.0 µM TDZ +1.0 
µM NAA) for direct organogenesis on apices, nodes and stems (jm) of D. 
pruriens (n = 16) 
 

Explants Apex Node Stem 

Explants with shoots (%) 100 94 24 

Number of shoots (mean ± sd) 18± 3.5 * 3.0 ±1.8 0.9 ±0.2 

 Clumped tiny 
multiple shoots 

Multiple 
shoots 

1-2 shoots 

 
*difficult to count non-segregated shoots 
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                   (a) 10.0 µM GA3            (b) 3.2 µM GA3          (c) 1.0 µM GA3             (d) 0 µM GA3   

Figure 4.3. Shoot growth in D. pruriens (js) at a range of GA3 concentrations. The 
control showing little height increase but good quality long leaves which cause 
‘lift off’ from media. Internodes become elongated and leaves become smaller at 
higher (10µM GA3) concentration.  
 
 

 

 
 
 
 
(a) 0.0 µM GA3            (b) 0.1 µM GA3                  (c) 0.32 µM GA3             (d) 1.0 µM GA3).  
 
      

Figure 4.4. Micropropagated shoots of D. pruriens (jm) show the influence of GA3 
at concentrations of 0.1 µM GA3 (a) 0.32 µM GA3 (b) and 1.0 µM GA3 (c). Leaf 
size and its quality decreases with increase in the GA3 concentration. 
 
 
 
 
 
           
     
          
               (a) 0 µM GA3                        (b)   0.1 µM GA3          (c) 0.32 µM GA3        (d) 1.0 µM GA3       

 
 
Figure 4.5. Micropropagated shoots of D. jerseyana (mm) show the influence of 
GA3 at relatively low concentrations 0.1 µM GA3. Thin multiple shoots develop in 
D. jerseyana and leaf size and its quality decreases with increase in the GA3 
concentration (1.0 µM GA3). 
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4.5 Discussion 

 

Relatively low concentrations of GA3, were effective in shoot elongation of D. 

pruriens (0.32 µM) and D. jerseyana (0.1 µM). Higher concentrations of GA3  

than 1.0 µM produced very thin and tall shoots with reduced number of poor 

quality shoots, especially from micopropagated shoots. Explants from mature 

plants of D. jerseyana, produced multiple elongated and very thin shoots. 

When transferred back to BM the shoot quality improved greatly. Tissue 

culture protocols for D. pruriens and D. jerseyana developed using in vitro 

explants (Nand et al., 2004) have been used in this report to improve the 

micropropagation techniques for the native plum including application to 

mature explants in D. jerseyana. Seedlings of D. pruriens were used to 

produce necessary replicates because of difficulty in decontamination of 

mature leaf explants, which are very prickly and the stems are very thick and 

hairy. At low concentrations, GA3 greatly improved the multiplication of D. 

prureins as was reported for the propagation of Oroxylum indicum ( L.) Kurz. 

(Dalal & Rai, 2004).  

 

There has been a wide range of applications of GA3 in woody fruit species 

such as shoot proliferation (Pattnaik et al., 1996), flowering and management 

and the quality and yield of fruits (Lenahan & Whiting, 2006; Rao & 

Venkateswara 1985; Southwick et al., 1995; Usenik et al., 2005). GA3 is 

considered to be heat sensitive and it hydrolyses in the media during 

autoclaving (George, 1993) and has to be sterilised by ultrafiltration. 

However, it has been reported (Kocha et al., 1974; Watson & Halperin, 1981; 

Kartha, 1984) that there is no significant loss in activity during autoclaving, as 

we also noted that there was a significant shoot and root response even at 

0.1 µM GA3, indicating any loss in its activity at these concentrations did not 

stop the positive effects of its use. For all experiments in this study, GA3 was 

added to the media before autoclaving and differences in responses were 

observed even at low concentrations. 
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Application of GA3 to overcome dormancy in woody fruit and nut species 

(Lane, 1982) and to increase juvenility in adult tissues with a mixture of 

cytokinins (George, 1993; Ranjit & Kester, 1988; and Taji & Williams, 1996) 

have bee reported. GA3 is one of the most widely used gibberellins for shoot 

proliferation in several Australian native species including Eucalyptus 

(McComb et al., 1996, Taji & Williams, 1996). GA3 has been also used for 

induction of somatic embryos and plantlet regeneration in Feijoa sellowiana 

Berg. (Cruz et al., 1989) and in Tylophora indica (Burm.f.) Merr. (Thomas, 

2006). In our previous study, D. pruriens in tissue culture produced very little 

shoot elongation and had a low multiplication rate (Nand et al., 2004) as 

leaves elongated causing the shoot to be lifted away from contact with the 

medium. Use of GA3 in this study, however, significantly increased the shoot 

heights (54-89 mm) in explants of D. pruriens seedlings (Figure 4.3) and 

micropropagated shoots. Addition of GA3 to the media reduced leaf length 

and leaf quality but increased internode lengths and shoot lengths, producing 

greater number of nodes. Each seedling produced more than 135 nodes after 

three consecutive sub-cultures in 15-18 weeks as compared to 27 without 

GA3 treatment (Nand et al., 2004). Increase in shoot heights was also noted 

by de Fossard and de Fossard (1988) in Eucalyptus species and in Malus 

species by George (1993). D. jerseyana was found to be more sensitive to 

low concentration treatments of GA3 in terms of increased shoot height, 

internode length, number of leaves and decrease in leaf length and leaf 

quality (Figure 4.5). Mean shoot heights of juvenile micropropagated explants 

of D. jerseyana (jm) was higher (67.4) mm than for D. pruriens (jm) which 

was 57.3 mm in medium containing 10.0 µM GA3. In our previous study, 

single D. jerseyana seedlings produced more than 65 good quality shoots 

after three consecutive sub-cultures after 12 weeks (Nand et al., 2004) but 

after treatment with GA3, more than 256 nodes were produced from multiple 

shoots after the same period. This investigation focussed on development of 

a more efficient regeneration system for D. pruriens which had a relatively 

low multiplication rate (27 shoots) compared to good quality and higher 
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number (65) of shoots in D. jerseyana after 12 weeks (Nand et al, 2004) in 

culture.  

 

There was very little variation noted in response of seedling (js) and 

micropropagated (jm) explants and different explants of D. pruriens, however, 

the organogenically derived shoots produced a greater shoot response in 

terms of height and number of leaves due to the latent effect exogenous 

cytokinins as observed in Morus australis F. (Pattnaik et al., 1996).  The use 

of lower and a wider range of GA3 concentrations showed that the D. 

jerseyana (mm) explants produced significantly greater shoot height and 

reduced stem thickness (63%) at 0.1 µM GA3 compared to the control. 

However, D. pruriens showed that shoot height increased and stem thickness 

decreased (14%) significantly at 0.32 µM GA3 compared to the control without 

significant changes to number of leaves, maximum leaf length and leaf quality 

in both species. 

 

Previous studies showed that rooting was promoted by GA3 in Coffea arabica 

L. shoot cultures (Sondahl et al. 1985) and Pinus radiata D. Don cuttings 

(Smith and Thorpe, 1975). However, GA3 application adversely affected the 

formation of roots in both Davidsonia species tested with lower mean number 

of roots in D. pruriens (2.6) and D. jerseyana (5.6) at 0.1 µM GA3. Gibberellic 

acid has also been found to be detrimental to rhizogenesis (Riley 1987; 

George 1993) in some other species. The appearance of roots was delayed 

and the number and length of roots were reduced as the concentration was 

increased from 0-1.0 µM GA3. The explants were incubated on root induction 

medium for 7 days (D. pruriens) and one day (D. jerseyana) as was the 

optimum exposure times (Nand et al., 2004). Despite only one day exposure 

for root induction there was a significant retardation in root response of D. 

jerseyana due to the residual exogenous GA3. Riboflavin was added to the 

root induction medium to oxydize any residual PGRs in all rooting xperiments 

as described in chapter 1 to prevent detrimental effects on the rooting 

response (Drew, 1991). 
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The use of varoius GA3 concentrations in combination with optimum BA (1.0 

µM) for D. pruriens and optimum 2iP (0.01 µM) (Nand et al., 2004) produced 

multiple thin and tall shoots in D. jerseyana at 1.0 µM GA3 treatment and thick 

(1.2 mm diameter) and tall shoots in D. pruriens at 10.0 µM GA3 treatment. 

There was a little retarding effect on root response of D. jerseyana after 3 day 

induction on RIM instead of 1 day induction (Nand et al., 2004) as in previous 

rooting experiment. Root response in D pruriens was greatly retarded due to 

the effect of latent exogenous BA in the shoot growth treatments. Apical 

shoot tips of D. pruriens with 3.8 mm height in 10.0 µM GA3 treatment had 1-

2 nodes per shoot. However, axillary nodes 13.8 mm obtained in medium 

containing 10.0 µM GA3 had 3-5 nodes per shoot. Axillary nodes of D. 

jerseyana, responded more sensitively than D. pruriens, produced shoot 

height of 12.1 mm in medium containing 1.0 µM GA3.  There was not much 

difference in the multiplication rate compared to previous experiments, 

however, the internodes were longer and it was more convenient to 

manipulate and handle the nodal explants. Though 1.0 µM GA3 treatment 

produced 2.9 mm height in apical tips and 5.3 mm in axillary nodes of D. 

pruriens, they produed higher percentage of roots, 33.3% and 86.4%, 

respectively. For D. pruriens, 1.0 µM GA3 concentration was overall the best 

treatment in terms of shoot and root prarmeters measured .  

 

Apices, axillary nodes and stems of D. pruriens when treated with 1.0 µM 

GA3 in organogenic SIM (1.0 µM TDZ + 1.0 µM NAA), higher number of 

organogenic shoots were produced in apices (18±3.5). Multiple shoots were 

also produced on nodes (3.0±1.8) and stems (0.9±0.2) which grew upto 45 

mm in height in 60 days producing  3-5 nodes per shoot. With approximate 

mean of 4 nodes per shoot, apices could produce 288 shoots, and the nodes 

could produce 192 shoots after 4 sub-cultures. This was the highest potential 

multiplication rate for the recalcitrant D. pruriens compared to all other 

previous protocols.   
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4.6 Conclusions 

 

Application of 0.1µM and 1.0 µM GA3 to D. jerseyana and D. pruriens 

respectively, produced good quality shoots without any further application of 

exogenous cytokinins. Application of 1.0 µM GA3 in combination with 

cytokinin, BA for both species and a combination of TDZ and NAA for D. 

pruriens have also been used to produce prolific shoot growth in both 

species. Shoot and root response of D. pruriens has been slightly limited due 

to phenolic exudation causing darkening of shoot base and the media. To 

prevent toxicity and necrosis, the shoots had to be repositioned on the same 

medium or transferred to fresh medium as previously reported (Nand et al, 

2004). Plantlets with well developed roots had been successfully transferred 

to pots after acclimatisation (Nand et al., 2004). Protocols developed for the 

use of juvenile and mature tissues of D. pruriens and D. jerseyana via 

organogenesis (Chapter 3) will enable us to use these protocols for rapid 

clonal propagation of mature trees of elite genotypes while maintaining their 

genetic integrity and providing materials for further biotechnological 

applications.  

 

This could also provide large stocks for orchard establishment, rootstocks 

and breeding programs. As noted in other species (George, 1993), higher 

concentrations have been detrimental to these species. The use of GA3, 

however, made a significant difference in the development of shoots in both 

species and increased their multiplication rates. Fruit demands for D. pruriens 

and D. jerseyana have recently increased with increase in value added 

products thus increasing the need for selection and multiplication. Improved 

micropropagation techniques reported here will assist in rapid clonal 

propagation and cultivation of these species, reducing the risk via wild 

harvests and which threaten these species in the wild.       
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CHAPTER 5 

 

 

Genetic Analysis of Davidsonia species with 
Randomly Amplified DNA Fingerprinting (RAF) 

markers 

       

 

Plate 5                                                                                              Photo: N. Nand (2004) 

  D. johnsonii          D. pruriens                          D. jerseyana 

        D. jerseyana                  D. pruriens 
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5.1 Abstract 

 

Davidson’s plum is an Australian native fruit with a high commercial potential 

due to its wide range of product uses. Molecular marker analysis of 

Davidsonia species using randomly amplified DNA fingerprinting (RAF) 

provided a view of genetic relationships within and between three species, D. 

pruriens, D. jerseyana and D. johnsonii. A total of 42 accessions were 

surveyed, with 7-19 accessions for each species that were assigned to one of 

eleven local cultivation sources. Forty-seven robust dominant markers were 

identified and used for determining the partitioning of genetic diversity. A third 

of the markers were observed in all accessions, indicating considerable 

genetic similarity between the species. RAF markers detected affinities 

between certain accessions and sources within each species. The northern 

NSW species, D. jerseyana, included the fewest accessions and contained 

little more than half of the diversity of the other two species. Unexpectedly, D. 

johnsonii exhibited a high level of intraspecific diversity, despite being entirely 

asexually propagated. Marker profiles did not indicate particular closeness 

between D. jerseyana and D. johnsonii, which are sympatric in subtropical 

coastal northern NSW. There was slightly more of the total genetic diversity 

(HT = 0.2256) partitioned within sources within species (42%) than between 

species (30%) and between sources within species (28%). There appears to 

be considerable genetic diversity of Davidsonia in cultivation, which has been 

well sampled by most nursery sources. However, the full extent of wild 

genetic variation remains unknown. 

 

 

______________________________________________________________  

Preliminary data from this chapter was presented at ISHS Conference, Coolum, Sunshine 
Coast (1-3 September, 2004) and published as Proc. IS on Hort. in Asia Pacific Region. 
“Genetic diversity between three species of Davidsonia – the Australian native plum.  Acta. 
Hort., 694: 105-109.  Appendix 2 (Published paper attached). 
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5.2 Introduction 

 

Davidsonia pruriens F. Muell, formerly known as variety pruriens (‘prickly’), is 

a tropical north Qld. species, which grows into tall trees with large fruits that 

usually have one viable seed. Davidsonia jerseyana (F. Muell. ex F.M. Bailey) 

G. Harden & J.B. Williams, formerly known as variety jerseyana, occurs in 

northern NSW, and grows to about half the height of D. pruriens. This species 

is multi-trunked and produces large numbers of small fruits containing two 

seeds. The third species, D. johnsonii J.B. Williams & G. Harden, occurs in 

northern NSW. It produces heavy yields of seedless, non-hairy fruit, is similar 

in growth habit to D. jerseyana, and reproduces only by suckers (Costin, 

1996). D. jerseyana and D. johnsonii are severely threatened (Briggs and 

Leigh, 1996) in their native habitat: subtropical, wet sclerophyll and riverine 

rainforest. 

 

The three Australian Davidsonia species (collectively and commonly known 

as Davidson’s plum), in the Family Cunoniaceae, were until recently classified 

as botanical varieties of a single species, D. pruriens. Recent taxonomic 

revision resulted in three separate species (Harden and Williams, 2000) 

based mainly on morphological variation (Table 5.1). These variations had 

caused taxonomic dilemmas between botanists for decades (Watson, 1987). 

The wide range of morphological variations, could have been either from any 

gene flow between the ‘varieties’ as they were known, effect of environmental 

conditions, asynchrony in flowering and fruiting or inherited genetic diversity. 

The three species display distinct genetic variations in terms of useful traits 

such as fruit sizes, flowering and fruiting times, hairiness of fruits and/or 

leaves, number of seeds or seedlessness, size of trees, growth habits, 

biochemical compositions of fruits, and adaptability to different conditions. 

Tissue culture of two of the species found considerable differences in ease of 

micropropagation and response to plant growth regulators (Nand et al., 2004) 
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and thus supports their revision. Genetic relationships between the three 

species, was unclear until this study (Nand et al., 2005). 

 

Taxonomic relationships for several Australian native plants, including 

Banksia (Maguire et al., 1997; Rieger and Sedgley, 1998), Persoonia mollis  

R. Br. (Krauss and Peakall, 1998), and several Eucalyptus species (Daggard, 

1996; Rossetto et al., 1998) have been studied using polymerase chain 

reaction (PCR) based molecular technologies. A robust and efficient marker 

system using arbitrary primers, called randomly amplified DNA fingerprinting 

(RAF; Waldron et al., 2002), was used to study diversity amongst Garcinia 

species (Ramage et al., 2004) as well as the Australian natives Cassia 

brewsteri (Cunningham et al., 2002) and Macadamia species (Peace et al., 

2002; Peace, 2005). 

 

Davidson’s plum has been cultivated in small farms for a niche market since 

the early 1980s (Graham and Hart, 1997; Nand et al., 2000) and until recently 

was harvested mainly from the wild. The fruits of Davidson’s plum have a 

rather tart taste (Cribb and Cribb, 1974). The brilliant red pulp is used to make 

a range of products such as wine, jam, sauce, jelly, juice, flavours, desserts, 

salad dressings, preserves, conserves, and confectionery (Cherikoff, 1994; 

Hardwick, 1996; Graham and Hart, 1997; Ahmed and Johnson, 2000). The 

tree is grown as an ornamental plant as it forms a beautiful symmetric crown 

with frequent flushes of pink new growth in early spring with long panicles of 

small pink flowers followed by many young green fruits which ripen to bright 

purple (Cribb and Cribb, 1974). Sourcing from natural populations, seedlings 

of D. jerseyana and D. pruriens, and cuttings of D. johnsonii, and have been 

widely distributed by nurseries for ornamental use and fruit production in 

cultivation. A better understanding of the genetic diversity within and between 

Davidsonia species is required to optimise the conservation and 

commercialisation of these species. In the present study, RAF markers were 

used to gain a more comprehensive understanding of genetic variability within 
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and between D. pruriens, D. jerseyana, and D. johnsonii from the wild as well 

as cultivated sources. 

 

5.3 Methods and Materials 

 

5.3.1 Plant material 

 

Leaf samples from accessions of three Davidsonia species, D. pruriens, D. 

jerseyana and D. johnsonii were obtained from wild sources:  Barrow River in 

north Qld. (BR), Mullumbimby (Mul), Brunswick Heads Reserve (BHR), 

Hogan’s Scrub (HS), Cudgera Rd (CR), Pocket Rd (PR), and Howard’s Rd 

(HR) in north east NSW; and cultivated sources: Sherwood Park in 

Sherwood, Qld. (SP), Neilson’s Native Nursery in Logan, Qld. (NNN), Tropical 

Fruit World in Tweed Heads, NSW (TFW), Mother Nature’s Bush Tucker 

Nursery in Tumbulgum, NSW (MNBTN), and Nimbin Nursery in Nimbin, NSW 

(NN). Cultivated plants originated from seeds or cuttings collected from the 

wild (unknown sources) or from private properties (original sources unknown). 

Most of these plants are grown at Mother Nature’s Bush Tucker Nursery, 

Tumbulgum, NSW, or at a private property in Burringbar, NSW. 

 

A comprehensive study, was done with leaf samples from 42 accessions of 

the three Davidsonia species obtained from cultivated sources (localities), 

often with known wild origins (Table 5.2). Samples of D. pruriens were 

obtained from 19 accessions of seven sources. D. jerseyana samples were 

obtained from seven accessions of two sources and D. johnsonii from 16 

accessions of two sources. Samples from cultivated plants had either been 

grown from seeds or cuttings collected from wild populations or from private 

properties. Origins of parent populations were unknown. Leaves were frozen 

and stored at -70 C until required for DNA extraction. 
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5.3.2 Genomic DNA extraction and purification 

 

Genomic DNA extraction was conducted in duplicate for each accession by 

either of two methods (Peace, 2005 and Lodhi et al., 1994), modified for 

Davidsonia (Nand et al., 2005). Soft green and leaf tissue (100-150mg), either 

fresh or frozen, was ground into fine powder using mortar and pestle in liquid 

nitrogen. The powder was blended with 1.5 ml of CTAB extraction buffer (2% 

(w/v) CTAB, 10% (w/v) PVP, 2% (v/v) -mercaptoethanol, 2M NaCl, 20mM 

EDTA; pH 8.0, 100mM Tris-HCl; pH 8.0). The homogenate (500 l) was 

incubated at 55-60 C for 45-60 minutes with slow inversion mixing every 10-

15 minutes. Equal volume of chloroform-isoamyl alcohol (24:1 v/v) was added 

and mixed with gradual inversion for 15-20 minutes.  The extracts were 

centrifuged at 13,000 g for 15 minutes to pellet cellular debris. 150 l of 

5MNaCl was added to 300 l supernant collected in new tubes. Cold (-20 C) 

iso-propanol (450 l) was added for DNA precipitation and left for 1-2 hours or 

kept overnight at -20 C. The tubes were centrifuged to pellet DNA which was 

then washed with cold 70% (v/v) ethanol, air-dried and re-suspended in 30-50 

l TE buffer (10mM Tris-HCl, 1mM EDTA; pH 8.0). Samples that contained 

high concentrations of contaminating macromolecules were further purified by 

precipitation with 0.5 volumes of 7.5M ammonium acetate and 0.75 volumes 

of cold isopropanol for 15-20 minutes. DNA pellets were obtained by 13000g 

centrifugation for 3 minutes, washed twice with 70% (v/v) ethanol and re-

suspended in 30-50 l TE buffer. DNA was visualised and quantified by 

electrophoresis on 0.8% (w/v) DNA grade agarose gels containing 0.05% 

(v/v) ethidium bromide in 1 X TAE buffer (40mM Tris-acetate, 1mM EDTA; pH 

8.0). More accurate quantification was done by spectrophotometry 

(Pharmacia Ultrospec Plus LKB Spectrophotometer), and concentrations 

were adjusted to 25 ng/ l by the addition of TE buffer. 
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5.3.3 Selection of primers  

 

Eight primers from Operon kits OPA-11, OPA-12, OPB-10, OPH-15, OPH-19, 

OPK-01, OPK-06 and OPK-09 (Operon Technologies, Alameda, CA) were 

used in RAF PCR reactions to provide a preliminary screen of two accessions 

from each species using the RAF technique with radiolabelling (Waldron et 

al., 2002). A primer, OPA-12 (DNA sequence of TCGGCGATAG) exhibiting 

the most polymorphism, was chosen for screening 5 accessions each of the 

three species. Although the RAF primer OPA-12 revealed more than 100 

markers, only the most intense, unambiguous, and reproducible markers 

were recorded.  

 

In the second study, 41 primers (decamer oligonucleotides obtained from 

Operon Technologies, Alameda, CA, and GeneWorks P/L, Australia) were 

screened using DNA extractions from several accessions of all three species 

to select those; most reliable and polymorphic. These primers are listed in 

Table 5.3. Three primers (OPA-03, OPA-12 and OPK-09) were selected for 

genetic analysis of all accessions. Each accession was run in duplicate in 

adjacent lanes to improve confidence in markers scored.  

 

5.3.4 DNA amplification by PCR 

 

The RAF protocol was performed as described by Waldron et al. (2002). All 

reactions were prepared on ice. Each PCR reaction volume of 10 l contained 

1 l DAF buffer (10mM Tris pH 8.0, 10mM KCl, 5mM MgCl2), 0.2 l dNTPs 

(1mM), 0.15 l AmpliTaq  Stoffel fragment (10 U) (or 0.3 l, 5 U) DNA 

polymerase, 0.25 l Redivue [α 33P] dATP 10 mCi/ml (Amersham, Perkin 

Elmer or Applied Biosystems, Melbourne, Australia), 5 l single decamer 

oligonucleotide primer, and 1 l of 25 ng/ l of genomic DNA template. PCR 

was performed with a hot start (90 C), an initial denaturation at 94 C for 5min, 

followed by 30 amplification cycles of: 94 C for 30s, 60s each at 57 C, 56 C, 
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55 C, 54 C, 53 C, and a final extension step at 72 C for 5 min. Amplified 

fragments were separated on large Bio-Rad sequencing gels, and visualised 

by autoradiography using a Fujitsu phosphoimager (Image Reader FLA-5000 

V3.0, Fuji) under a 650 nm IP filter, with the image improved for scoring by a 

FLA Image Gauge (V4.0, Fuji). 

 

5.3.5 Data analysis 

 

Only the most intense and unambiguous markers were recorded as present 

(1) or absent (0) from the autoradiograph images. Genetic relationships 

amongst accessions and genetic diversity were determined within and 

between species using F statistics and cluster analysis calculated by the 

computer software POPGENE (version 1.32 University of Alberta, Edmonton, 

Canada).  

 
 
5.4 Results  
 

A total of 47 RAF markers from RAF primer OPA-12 were scored across the 

15 accessions, of which 42 were polymorphic (Figure 5.1). A bandmap, or 

diagram depicting the pattern of these markers across the accessions, is 

shown in Figure 5.2. Cluster analysis of this data summarized the 

relationships between the accessions and species in the form of a 

dendrogram (Figure 5.3). Average genetic diversity within the three species 

(HS) was 0.126, while the total genetic diversity across all accessions (HT) 

was estimated at 0.295. The proportion of diversity between the species (GST) 

was 0.57. 
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Table 5.1. Morphological differences between D. pruriens, D. jerseyana and 
D. johnsonii (from Harden and Williams, 2000). 
 
 
Feature D. pruriens D. jerseyana D. johnsonii 

Tree 
form 

Size small-medium, 
20 m tall. Stems 1-3 
branched, terminal 
tuft of leaves. 

Size small, 6-10 m tall. 
Stems multiple from base, 
well branched, terminal tuft 
of leaves. 

Size small, 5-10 m tall.  
Stems multiple from root 
suckers, well branched, 
no terminal tuft of leaves. 

Leaves Adult leaves very 
large, (35-) 60-120 
cm long, very hairy. 
Pinkish young growth 
with long irritant 
hairs. Seedling 
leaves serrate. 

Adult leaves very large, 35-
80 (-120) cm long, slightly 
hairy. Seedling leaves 
dentate, lobed at base. 

Adult leaves large, 10-33 
cm long, glabrous. 
Seedling leaves 
unknown. 

 
Flowers 

Inflorescences mostly 
cauliflorous or 
ramiflorous, pendant, 
12-80 cm long, 
peduncles 10-30 cm 
long. Flowers pink. 
Anthers 1.8-3.0 mm 
long. 

Inflorescences mostly 
cauliflorous, pendant, tightly 
compressed clusters, up to 
25 cm long. Flowers dark 
pink or red. Anthers 1.1-1.7 
mm long. 

Inflorescences often 
terminal or subterminal 
on branches and 
cauliflorous, elongated 
panicles, 10-20 cm long. 
Flowers dark pink. 
Anthers 1.4-2.2 mm long, 
pollen absent. Ovary 
vestigial or styles reduced 
or absent. 

Fruits 
 
 
 
 

Fruit shape obovoid 
or ellipsoid, prickly 
skin, 38-55 mm long, 
32-53 mm wide, and 
35-46 mm deep. 
Pyrenes 2-3, 20-27 
mm long, 25-29 mm 
wide, with prominent 
3-6 mm long crest 
and soft or woody 
fibres. Seeds usually 
one, 17-18 mm long. 

Fruit shape obovoid, prickly 
skin (slightly less than D. 
pruriens), laterally 
compressed, 33-45 mm 
long, 31-37 mm wide, and 
27-35 mm deep. Pyrenes 
usually 2, 14-18 mm long, 
9-15 mm wide, crest 2.1-2.3 
mm long. Seeds usually 2, 
11-12 mm long. 

Fruit shape depressed-
globose, 20-39 mm long, 
25-60 mm wide, and 28-
53 mm deep. Pyrene 
body 9-12 mm long, 10-
11 mm wide, crest 1.4-1.7 
mm long. Seeds none. 
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Table 5.2. Identification of accessions from various cultivated sources. MNBTN = 
Mother Nature’s Bush Tucker Nursery in Tumbulgum, NSW. NNN = Neilson’s 
Native Nursery in Logan, Queensland. TFW = Tropical Fruit World in Duranbah, 
NSW, Kupsch and Kieren =  private properties in NSW. 
 

No. Code Local source Wild 

source 

Notes No. Code Local 

source 

Wild 

source 

Notes 

D. pruriens D. johnsonii 
1 PrSP1 Sherwood Park, 

Brisbane 

 Tall, 50-60 yr old, 

heavy fruiting 

27 JoCT Kupsch   

2 PrSP2 Sherwood Park, 

Brisbane 

 Short. 60 yr old 28 JoST Kupsch  Tall, , no 

fruit 

3 PrSG2 Sherwood Park, 

Brisbane 

 Seedling grown 

from park seed 

29 JoFH Kupsch  Bushy 

4 PrBR8 NNN Barrow 

River 

Tall 30 JoB5-1 Kupsch   

5 PrBR9 NNN Barrow 

River 

Short 31 JoB4-9 Kupsch Kurrajong  

6 PrFW1 TFW  Tall 32 JoHS Kupsch Hogans 

Scrub 

 

7 PrFW2 TFW  Short  33 JoB6-1 Kupsch   

8 PrSC1 Griffith Uni  Tallest, 8-10 yr 

old 

34 JoCRN Kupsch Crofton Rd 

Burringbar 

 

9 PrSC2 Griffith Uni  Shortest, 8-10 yr 
old 

35 JoSC Kupsch Kurrajong  

10 PrTEC Griffith Uni  Tall, 50-60 yr old 36 JoA1-9 Kupsch   
11 PrVC Griffith Uni  5-7 yr old 37 JoA1-3 Kupsch   
12 PrMM Witjuti Grub 

Nursery 

Mohar Mtns  38 JoFTP1  Kupsch  Fig Tree 

Pocket 

plantation 

13 PrML MNBTN  Heavy fruiting 39 JoKIE Kieren Tumbulgum 50-60 yr 

old  

14 PrEL1 MNBTN Yurunga Heavy fruiting 40 JoMI MNBTN   

15 PrWL MNBTN  Hairy, late fruiting 

Nov- Dec. 

41 JoPC NN Pot Alstonville  

16 PrLL MNBTN  Smooth leaf 
 

42 JoFTP2 NNN   

17 PrEL2 MNBTN Yurunga Fruits off-season      

18 PrCR1 Kupsch Burringbar Very tall, old      

19 PrKU Kupsch Kurrajong Hairy      

          

D. jerseyana      

20 JeBH1  
 

Kupsch Brunswick 
Heads 

      

21 JEHR

M 

Kupsch  Multi trunk, 

bushy,  no fruit 

     

22 JeBH2 Kupsch Brunswick 

Heads 

      

23 JeHRT Kupsch  Very tall      

24 JeWL3 MNBTN        

25 JeHP NNN        

26 JeCM Brown Camp 

Mountain 
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Table 5.3. Primers screened in preliminary testing and number of fragments 
detected in three Davidsonia species.  
 

Primer 
Number 

Sequence 
(5’ to 3') 

Number of fragments observed in each species 

D. pruriens D. jerseyana D. johnsonii 

OPA-01 GTTTCGCTCC 9 6 6 
OPA-02 TGCCGAGCTG 7 9 9 

 OPA-03* AGTCAGCCAC 55 44 49 
OPA-04 AATCGGGCTG 14 11 11 
OPA-05 AGGGGTCTTG 12 3 0 
OPA-09 GGGTAACGCC 7 4 8 
OPA-08 GTGACGTAGG 19 26 24 
OPA-10 GTGATCGCAG 43 18 21 
OPA-11 CAATCGCCGT 23 23 16 

 OPA-12* TCGGCGATAG 35 34 24 
OPA-13 CAGCACCCAC 13 3 0 
OPA-14 TCTGTGCTGG 12 6 8 
OPA-17 GACCGCTTGT 7 11 6 
OPA-18 AGGTGACCGT 33 26 24 
OPA-19 CAAACGTCGG 0 6 5 
OPB-01 GTTTCGCTCC 6 8 9 
OPB-02 TGATCCCTGG 8 10 7 
OPB-03 CATCCCCCTG 3 11 5 
OPB-05 TGCGCCCTTC 5 12 0 
OPB-09 TGGGGGACTC 5 10 9 
OPB-10 CTGCTGGGAC 0 0 0 
OPB-13 TTCCCCCGCT 10 17 20 
OPB-17 AGGGAACGCG 9 8 3 
OPB-18 CCACAGCAGT 6 3 5 
OPB-20 GGACCCTTAC 1 0 3 
OPH-04 GGAAGTCGCC 5 7 4 
OPH-05 AGTCGTGCCC 10 5 7 
OPH-07 CTGCATCGTG 7 12 6 
OPH-09 TGTAGCTGGG 10 9 7 
OPH-11 CTTCCGCAGT 5 2 3 
OPH-15 AATGGCGCAG 7 4 4 
OPH-18 GAATCGGCCA 9 9 8 
OPH-19 CTGACCAGCC 10 6 2 
OPK-01 CATTCGAGCC 17 13 3 
OPK-06 CACCTTTCCC 21 20 0 
OPK-07 AGCGAGCAAG 14 14 3 
OPK-08 GAACACTGGG 9 11 8 

 OPK-09* CCCTACCGAC 15 20 15 
OPK-11 AATGCCCCAG 31 24 18 
OPK-14 CCCGCTACAC 26 23 18 
OPK-12 TGGCCCTCAC 12 9 12 

 
Total of 41 decamer primers for arbitrary markers were screened for selection. Primers marked 
(*) were used for further studies of 42 accessions of Davidsonia. 
 

 
 
 
 



Genetic analysis of Davidsonia species                                                          Chapter 5 

 135 

 
 

                          D. pruriens         D. jerseyana           D. pruriens   D. johnsonii                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Markers of the three Davidsonia species on a radiogram distinguishing 

between species showing replicates beside each lane for samples of D. pruriens  

(        ), D. jerseyana (         ) and D. johnsonii (        ).  

 

 

Forty one primers (Table 5.3) with arbitrary nucleotides sequences were 

randomly chosen to amplify genomic DNA of 42 accessions of the three 

Davidsonia species. Only three primers, AO3, A12 and KO9 generated 47 
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robust polymorphic and 15 monomorphic markers which were used for the 

analysis using Popgene software. The light, inconsistent and doubtful bands 

were not scored and results from DNA samples with any doubts were 

excluded from the analysis. 
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Figure 5.2. Bandmap of 47 RAF markers across 15 accessions of three 
Davidsonia species. A shaded block indicates the presence of a marker in an 
accession, while an unshaded block indicates marker absence. Markers (M) 
are labeled in order of appearance on the bandmap, not in order of relative 
size of fragments after electrophoresis. 
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 Figure 5.3. Dendrogram depicting genetic relationships amongst three 
Davidsonia species. Dpr = D. pruriens, Dje = D. jerseyana, and Djh = D. 
johnsonii. Accession sources (in parentheses) are listed in the Materials and 
Methods. 

 

 

The results revealed that there was:   

 

(i) least diversity in D. jerseyana (HT = 0.10) compared to the other two 

species, D. pruriens (HT= 0.17), D. johnsonii (HT= 0.18); D. jerseyana had 

only 57% the diversity of D. pruriens, and 52% the diversity of D. pruriens 

(Table 5. 4). 
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(ii) more diversity on average within the D. johnsonii (Hs = 0.17) and D. 

jerseyana (0.09) sources than within the D. pruriens sources (average 

0.07) (Table 5.4). 

(iii)  high diversity within population 10 from Kupsh property with 12 individuals 

of D. johnsonii (Ne=1.35) representing a diverse collection (Table 5.5). 

(iv) a total diversity (0.2256) spread as follows: 30% between species 

(0.0676), leaving 70% within species (0.1580), of which 42% of the total 

(0.0941) was within sources (Table 5.6) 

 

Almost all the diversity (93% and 97%), for both D. johnsonii and D. 

jerseyana, was within each of the two sources representing them, rather than 

between the sources, indicating that the sources contained very diverse 

individuals. Kupsch source for each of these two species were even more 

diverse. In contrast, the seven sources of D. pruriens were fairly distinct from 

each other, with an average of only 43% of that species’ diversity being within 

the sources (the rest being between the sources). The sources of D. pruriens 

containing the most diversity were from Mother Nature’s Bushtucker Nursery 

cultivation and Sherwood Park. These were similar in level to most D. 

johnsonii and D. jerseyana sources, but the Kupsch D. johnsonii were by far 

the most diverse single source of samples considering all species. 

 

Table 5.4: Measures of genetic diversity for three species 
 

 Ne h I Np HTotal HSources Gst 
D. pruriens (n=19) 1.28 0.17 0.25 25 0.1683 0.0721 0.57 
D. jerseyana (n=7) 1.15 0.09 0.15 16 0.0962 0.0930 0.03 
D. johnsonii (n=16) 1.33 0.20 0.30 26 0.1835 0.1721 0.07 

Ne =  Nei's genetic dissimilarity coefficient; h = heterozygosity;  I = Shannon’s index;  Np = 
number of effective alleles. 
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Table 5.5: Measures of genetic diversity for 11 sources of samples for three 
species 
 

Species  Population 
Sources 

Source 
of plant 

Measures of genetic diversity 

n Ne h I Np 
D. pruriens 1 Sherwood 

Park 
3 1.18 0.11 0.16 14 

 2 Neilson’s 
Native 
Nursery 

2 1.14 0.06 0.09 7 

 3 Tropical 
Fruit World 

2 1.14 0.08 0.12 9 

 4 Griffith 
University 

4 1.11 0.07 0.11 10 

 5 Mohar 
Mountains 

1 1.00 0.00 0.00 0 

 6 Mother 
Nature’s BT 
Nursery 

5 1.25 0.14 0.21 18 

 7 Kupsh 
property 

2 1.08 0.04 0.06 5 

D. jerseyana 8 Kupsh 
property 

4 1.16 0.10 0.15 14 

 9 Various 
other 
nurseries 

3 1.14 0.09 0.13 11 

D. johnsonii 10 Kupsh 
property 

12 1.35 0.21 0.31 26 

 11 Various 
other 
nurseries 

4 1.24 0.14 0.20 17 

Ne =  Nei's genetic dissimilarity coefficient; h = heterozygosity;  I = Shannon’s index;  Np = 
number of effective alleles. 

 
Table 5.6: Partitioning of genetic diversity for 42 samples from 11 sources 
and three species 
 

Diversity component Amount 

Total diversity across all species Ht = 0.2256 

Average diversity within each of the 3 species Hsp = 0.1580 

Average diversity within each of 11 sources Hso = 0.0941 

Average diversity between the 3 species Ht-Hsp = 0.0676 

Average diversity between the sources within 
each species 

Hsp-Hso = 0.0639  

Proportion of  diversity between the 3 species GST = (Ht-Hsp)/Ht = 30% 

Proportion of diversity between the sources 
within each species 

  GCS  = (Hsp-Hso)/Hsp = 40% 
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Figure 5.4. Dendrogram of 42 Davidsonia samples depicting genetic 
relationships amongst three Davidsonia species. Prefixes; Pr = D. pruriens, 
Je = D. jerseyana, and Jo = D. johnsonii. Accession sources (in parentheses) 
are listed in the Materials and Methods. 
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Figure 5.5: Dendrogram for 11 sources of three Davidsonia species for all 42 
accessions. (Note: Close affinity between 8 and 9, indicates that almost all of 
the diversity for D. jerseyana is within each of the two sources i.e. they are 
not very distinct “populations” from each other) 
 
 
5.5 Discussion 

 

Morphological characterization has been used for diversity studies of 

Australian native fruit species such as wild Macadamia (Domingo et al., 1999; 

Walton and Wallace, 2005), Davidsonia (Harden and Williams 2000) and 

Citrus (Hamilton et al., 2008) species. Recent development in molecular 

technology has provided more reliable tool for genetic variation studies. The 

RAF marker technique allowed Davidsonia accessions at many different 

developmental stages and growing at many different sites to be typed and 

compared fairly – a very difficult task for morphological characterisation alone 

as was noted in Australian Cassia brewsteri (Cunningham et.al., 2002), 

Eucalyptus species (Rossetto et al., 1998; Skabo et al., 1998) and 

Macadamia species (Mallikkarjuna et al., 1997; Peace et al., 2002). Four 

SP – Sherwood Park 
 

WGN – Witjuti Grub Nursery 
 

NNN – Neilson’s Native Nursery 
 

TFW – Tropical Fruit World 
 

Kupsch – Kris Kupsch Farm 
 

GU – Griffith University 
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               Tucker Nursery 
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Kupsch – Kris Kupsch Farm 
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markers were shared between D. pruriens and D. jerseyana, four were 

shared between D. pruriens and D. johnsonii, while just one marker was 

shared in D. jerseyana and D. johnsonii (Figure 5.1), suggesting that D. 

jerseyana and D. johnsonii are the least related.  

 

No obvious affinity was detected between any two species. All three species 

split off from each other at about the same level of genetic similarity (Figure 

5.3). This result was unexpected, as the shared geographical distribution 

between the NSW species and their great separation from D. pruriens would 

suggest a closer genetic affinity. Each of the species was well resolved and 

differentiated from the others, as depicted in Figure 5.3 and evidenced by the 

high GST value. The greatest genetic diversity was observed within D. 

johnsonii (Figure 5.3; HDjh=0.150). This was contrary to expectations, since 

the species is believed to reproduce mainly asexually by root suckers (Costin, 

1996. D. jerseyana contained less diversity than D. johnsonii (Figure 5.3; 

HDje=0.129). These two species each had ten markers specific to them, with 

only one or two markers common to all accessions of the species. In contrast, 

D. pruriens had seven markers specific to it, of which five were common to all 

D. pruriens accessions. Correspondingly, D. pruriens contained the least 

diversity (Figure 5.3; HDpr=0.099). It would be interesting to examine the 

genetic diversity of wild populations of this species, to determine whether 

seed propagation is enough to maintain such diversity within and between 

populations. Considerable diversity has been shown in populations of Banksia 

species (Rieger and Sedgley, 1998), Cassia species (Cunningham et al., 

2002), Macadamia species (Peace et al., 2002; 2004), Eucalyptus species 

(Rossetto et al., 1999) and Garcinia species (Ramage et al., 2004).  

 

The markers observed within only one species may be species-specific, 

particularly the five markers in all D. pruriens accessions. Due to the small 

sample size for this study, it cannot be ruled out that some of these markers 

may be present within other accessions of the other species. Further 
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phylogenetic studies were required to confirm these preliminary findings on 

interspecific relationships in Davidsonia. Morphologically, D. johnsonii is quite 

unusual, and the results here indicate that this distinctness was probably not 

the result of a few recent mutations in a D. jerseyana progenitor leading to 

glabrous habit and seedlessness. Rather, it appears that D. johnsonii is a 

lineage as old as the other two species, and despite geographical proximity 

with D. jerseyana, the two species remained reproductively isolated (probably 

aided by the absence of pollen and ovaries in D. johnsonii).  

 

For a more comprehensive study, using 42 accessions of all three species 

grouped into eleven populations provided useful information on interspecific 

and intraspecific relationships of all sources. The seven populations of D. 

pruriens representing each accession (Figure 5.4) was segregated into 

sources or populations (1-7): 1- (PrSP1, PrSP2, PrSG2), 2 - (PrBR9), 3 - 

(PrTFW1, PrTFW2), 4 - (PrBR8, PrSC1, PrSC2, PrTEC, PrVC), 5 - (PrMM), 6 

- (PrML, PrEL1, PrWL, PrLL, PrEL2) and 7 - (PrCR1, PrKU). PrML from MN 

BTN, Tumbulgum and PrTFW1 and PrTFW2 from Tropical fruit world (TFW) 

and PrSP1, PrSP2 from Sherwood park have been more than 30-40 old year 

trees. It is likely that they have originated from same source in north Qld. and 

planted at various locations at the same time. These three clusters 

(populations) then provided all the genetic material that has been distributed 

for ornamentals or small cultivations in respective localities. PrML seems to 

be closely related to all accessions in population 6 and thus they are 

progenies from fruiting trees at Mother Nature’s tucker Nursery property. 

Population 4 of Griffith University samples from younger trees appears to be 

more similar to the southern source except PrTEC another 20-30 year old 

tree which could be from same source as the Sherwood Park originating from 

north Qld. Surprisingly PrMM from Mohar Mountains in Sunshine Coast is 

very closely related to PrSG2, a seedling from Sherwood Park. It is believable 

that the PrMM is related, since a lot of licensed collectors have been picking 

fruits from these trees for propagation to meet the nursery demands. The two 
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trees of Tropical Fruit World; PrTFW1 and PrTFW2 are quite different, the 

former resembling the north Qld. sources and the latter resembling the 

Southern sources. It appears that the Griffith University samples originated 

from the PrTWF1, the source of supply for fruits and trees from northern 

NSW. 

 

PrBR8, a potted 1-2 year old seedling was, closely related to PrTFW2 and 

PrML from MNBTN, which appear to have originated from same source as 

PrFW1. PrBR9 is closely related to PrLL from same parent and related to  

PrCR1 and PrKU indicating that they could be progenies from same parents. 

PrBR8 and PrBR9 seedlings bought from NNN were described to be from 

Barrow River, which is located at the boundary of Qld. and NSW. These two 

samples were described to be from a nursery from the north Qld., but it 

appears to have been from the south, unless the seedlings from the south 

were sold in the north. This is unlikely because the D. pruriens is quite 

abundant in north Qld. However, sources represented by the Davidsonia 

accessions contained significant diversity, and indicate that nurseries have 

adequately sampled the available diversity in cultivation. 

 

D. jerseyana had been genetically quite diverse (30%) compared to D. 

pruriens (HT=0.2256) originating from the same sources over millions of years 

and had been geographically and genetically isolated. Populations 8, 9 and 

10 appear to be progenies from JeBH2 and JeHRM, the main sources of 

genetic material from NSW (Figure 5.5). Genetic diversity within D. jerseyana 

(HDJe=0.0962) indicated that there was high variation, which could be due to 

the outcrossing of populations and individuals in the temperate region. The 

distribution of D. jerseyana has been quite restricted until lately (last 10-15 

years) when it became a fruit crop, being cultivated away from the natural 

populations. Samples JeWL (MNBTN) and JeCM (Camp Mountain) are two 

accessions from cultivated farms. 

 



Genetic analysis of Davidsonia species                                                          Chapter 5 

 145 

Genetic diversity of D. pruriens (HDpr = 0.1683) and D. johnsonii ( HDje = 

0.1835) in these accessions was higher than the initial study, and high 

diversity in populations of D. jerseyana and D. johnsonii from “Various other 

sources” was due to the fact that collections were indeed from diverse 

sources. This confirms that accessions from Kupsch’s farm represented a 

diverse collection of germplasm for D. jerseyana and D. johnsonii. The latter, 

believed to be clonal; propagated by suckers in nature and by cuttings in the 

nurseries. The high similarity between individuals is quite understandable, 

since the samples could have been obtained from parent plants via cuttings 

or suckers. However, the high diversity within the species, is not only difficult 

to explain, but, is also challenging to find out the origin and the potential 

source of variation in the ancestral plants. D. johnsonii, is more similar to D. 

pruriens, which is geographically isolated by more than 1500 km compared to 

its sympatric species, D. jerseyana. Having noted polyembryony in D. 

pruriens and that the polyembryos grow only in nutrient rich media in vitro, 

these could have survived in the rich volcanic craters in the Mullumbimby 

mountain ranges in northern NSW, where these seedless D. johnsonii are 

found in nature. D. pruriens seed when grown in plain agar produced 100% 

zygotic seedlings without any polyembryos but when seeds were grown on 

agar with MS nutrients, 83% of mature seeds produced two or more 

polyembryonic seedlings and 23% seeds with four or more polyembryos 

(unpublished data). High nutrient was mandatory to survival of the 

polyembryos. Could this polyembryonic phenomenon, provide the source of 

apomictic clonal populations, which evolved to multiply by root suckers from 

thickened tubers? This would have given rise to many distinct D. johnsonii 

populations in the subterranean conditions of highly nutrient rich substrates of 

volcanic ash in the northern NSW mountain ranges.  

 

There appears to be considerable genetic diversity (40%) of Davidsonia (Ht= 

0.2256) in the cultivated sources derived from the wild and germplasm 

collections at MNBTN and Krish Kupsch’s farm. However, the full extent of 
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wild genetic variation remains unknown. The nursery materials appear to 

originate from mainly three sources, TFW, MNBN and some from Sherwood 

Park. Nimbin Nursery, which is currently the main supplier of D. johnsonii 

cuttings, has been successfully providing all the genetic material from various 

wild and cultivated trees in NSW. The growth in the supply and cultivation of 

these species from various sources would greatly enhance the selection, 

improvement, and conservation of these species in-situ and especially the 

threatened and endangered D. jerseyana and D. johnsonii. 

 

 

5.6 Conclusions 

 

The controversy and the dilemma over the past 3 decades, about the 

phylogenetic interrelationships and classification of Davidsonia species into 

species status has been resolved based on morphological characteristics 

(Harden and Williams, 2000). However, this study provided the most 

comprehensive study to date, on the genetic diversity of these species and to 

confirm that the formerly known three varieties of D. pruriens, are in fact 

genetically three distinct species. The insight gained after study of 47 robust 

markers across 5 accessions of each of the three Davidsonia species using 

OPA-12 markers provided some interesting results. There are no 

intermediates as previously mentioned (Harden and Williams, 2000) and the 

D. johnsonii is a species on its own, which has speciated parallel to D. 

jerseyana and D. pruriens. There was a high diversity within D. jerseyana and 

within D. pruriens, but more interestingly, there was high intraspecific 

variation in D. johnsonii, despite being clonally propagated in nature. The 

seedless D. johnsonii, has its own independent parallel evolutionary line and 

likely to be originated from the same sources as the other two species at the 

same evolutionary period. D. jerseyana and D. johnsonii, which are sympatric, 

in subtropical regions of NSW, are not necessarily more closely related to 

each other, than they are to the north Qld. species, D. pruriens. A more 
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detailed genetic study with 42 accessions from wild and cultivated sources 

provided essential information about the 11 populations studied. Considerable 

genetic diversity exists within all three species. No previous genetic analysis 

studies have been reported, thus no comparison of genetic material has been 

made.  

 

 RAF is a useful DNA marker technique for surveying the genetic diversity of 

this Australian native bush food, not previously studied using arbitrary 

primers. This helps in the understanding of the genetic relationships within 

and between species from large number of bands and a lot of relevant 

information has been obtained for the conservation and utilization of the 

genetic resources of Davidsonia. A more comprehensive analysis for these 

species with the useful RAF marker system will have greater implications for 

the selection, improvement, and conservations of these vulnerable, 

threatened and/or endangered species. RAF method would be more 

economical to exploit the potential for genetic improvement of traits such as; 

sweetness, heavy fruiting, smaller trees, seedlessness, reduction in hairiness, 

and higher antioxidant contents for higher commercial production. Genetic 

studies using RAF, a highly efficient tool for new and unstudied species would 

be of enormous economic advantage for genetic verification at seedling 

stage, before planting into cultivation. 
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                D. pruriens with polyembryonic seedlings  
                in vitro  (left) and in pot (right) 
                

 

 

 

  
          Multiplication of shoots by organogenesis in internode and leaf    
            explants of D. pruriens (left) and and D. jerseyana (right) 
       

      Plate 6                                                                                         Photo: N. Nand (2003) 
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Australia’s wide range of harsh environmental and climatic conditions has 

given rise to about 30% endemic flora (George, 1981) adapted and evolved 

over 30 million years (Johnson, 1996). Although the Indigenous people of 

Australia have utilised native plant foods over 40 thousand years (Roberts et 

al., 1990), Australian native plants had been neglected due to difficulty in 

propagation. Edible parts of bushfood plants, of over 218 species in 

Queensland (Ringer, 1998) and 358 species Australia wide (Cherikoff and 

Isaccs, 1990) may include: fruit, leaf, tuber, root, seed, calyx, shoot, flower 

and rhizome. However, not all parts of a plant are edible. Except for M. 

integrifolia which was first cultivated as a bushfood plantation in northern 

NSW in the 1890’s (McConachie, 1980) and recent development of 

quandong, the transition of other native edible plants into horticulture has 

been very slow. The European settlers in the last 300 years gave preferences 

to exotic plants introduced from their own countries with known horticultural 

practices and food safety standards. The development and establishment of 

unique Australian cuisine retail outlets and restaurants in Sydney in the early 

1980’s (QDPI, 1999) caused the realization of the potential of bushfoods for 

fresh, processed and value added products. Some farmers introduced 

bushfoods as an alternative new crop for the growing market and for an 

additional source of income. The increased plant-based products has been 

significant and its contribution of the native plant food industry could have an 

estimated retail value of about $70 million, excluding the macadamia industry 

valued at over $80 million (Dyer, 1999).  Many rare and endangered species 

classified as bushfoods, and some medicinal plants with potential commercial 

products have been investigated to prevent over exploitation and the risk of 

their extinction; and, for the conservation of their germplasm. 

 

A survey of growers and producers of Australian native fruits and products,  

identified some major constraints faced by them, which severely hindered the 

development of native plants industry including; the inconsistent supply of 

fresh fruits, risks posed by wild harvests, lack of propagation skills and the 

lack of information on various agronomic and horticultural aspects. A range of 
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home-made products have gradually struggled to establish into niche markets 

and some into commercial enterprises. In the recent years, a wide range of 

products made from Australian native fruits such as chutney, cordials, 

flavours, fragrances, jams, juices, medicines, sauces, syrups, vinegar, wines 

and other novelty products developed for local and overseas market has 

caused a high demand for native fruits.  

 

S. luehmanii (riberry), D. pruriens and D.  jerseyana (Davidson’s plum), C. 

australasica (Finger lime) and P. elatus (Illawara plum) were the five species 

selected with greatest potential in the order of most popular to least popular 

as preferred by growers and processors. Based on the information and the 

potential for biotechnology application, Davidsonia species was selected for 

tissue culture and genetic studies. It has large fruits from three different 

species adapted to two different climatic regions with high retail value for 

fruits and processed products, multiple products, lack of any 

micropropagation protocols, dilemma in classification status, large variations 

in phenotypes, lack of genetic studies, adaptability to wider range of climatic 

conditions and the high popularity amongst the growers and processors, as a 

future commercial fruit.  

 

Exploitation of natural resources via wild harvests was inevitable as the 

demand for fresh fruits and leaves increased. Many growers planted their 

preferred species into small and medium farms (Graham and Hart, 1997) as 

legislations were introduced to protect the threatened and endangered 

species. Application of Biotechnology in selecting, breeding and in 

multiplication systems became inevitable in order to meet the increasing 

demands for cultivation. After pioneering work done by de Fossard on tissue 

culture in Australia, numerous reports on callus culture, organogenesis, shoot 

culture and rooting techniques were published on tissue culture of native 

Eucalyptus species, a range of native orchids and fruit crops such as 

quandong (Taji and Williams, 1996) and macadamia (Mulwa and Bhalla, 

2000).   
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The tall north Qld. Species, D. pruriens (‘prickly’), is suited to a tropical 

climate, has large fruits (50-130 g) with two seeds, only one of which is 

usually viable. The other degenerative seed fails to grow in natural conditions 

but produces polyembryonic seedlings in vitro on nutrient medium. Most of 

the seeds (83%) have been found to be polyembryonic with 37% producing 

two seedlings and 23% with four or more seedlings. Although up to 9 

embryos have been counted, no more than four have developed into 

seedlings even on nutrient medium. Seed is the main method of propagation 

(Ahmed and Johnson, 2000), however, genetic studies (Chapter 5) show that 

it results in considerable diversity (HT=0.17) within plantings. 

 

The northern NSW species, D. jerseyana is suited to sub-tropical climates, 

grows to about half the height of D. pruriens, is multi-trunked and produces 

large numbers of smaller fruits (25-80 g) containing two firm and viable seeds. 

Though cuttings are known to be used, seed is the main method of 

propagation which results in considerable diversity (HT=0.10).  

 

The third species, D. johnsonii occurs in northern NSW. It produces heavy 

yields of seedless, non-hairy fruit and is similar in growth habit to D. 

jerseyana. D. johnsonii is of special interest for the development of alternative 

approaches such as micropropagation, as it only reproduces vegetatively by 

suckering (Costin, 1996) or cuttings, and is limited to small populations in 

northern NSW. Its seedlessness has made it very useful in processing for 

wines, jams and sauces. The limited supply of natural suckers in the wild and 

its endangered status caused the need for alternative propagation methods. 

However, after obtaining cutting material from a nursery and successfully 

decontaminating it, a sustained effort was made to achieve multiplication of 

thick and hairy stems or apical buds. A suitable protocol could not be 

established due to its recalcitrant nature. Permitting more time in the future, 

new growth regulators and media combinations may be required for further 

investigations.  
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Somatic embryogenesis and organogenesis, have been reported in several 

Australian native species (Taji and Williams, 1996), and are prerequisites for 

biotechnology applications for large scale production in bioreactors, genetic 

transformation, synthetic seed production, in crop improvement using 

mutation, variant selection, rapid regeneration of mature materials and in 

cryopreservation (Bajaj, 1996). Direct somatic embryogenesis and indirect 

somatic embryogenesis pathways have been induced by varying the 

cytokinin and auxin concentrations or constituents of the media in many 

species (Litz and Gray, 1995).  Direct and indirect organogenesis in both 

juvenile and mature explants of D. pruriens and D jerseyana was achieved 

but not in D. johnsonii, despite several concerted attempts. Future research 

will need to be focused towards development of a suitable regeneration 

system for this highly sought for, endangered seedless species. Very 

disappointingly, no embryogenesis was observed in any of the three species. 

However, adventitious shoots were formed in D. pruriens and D. jerseyana by 

direct organogenesis, a more superior method to maintain genetic integrity 

and potential application to selected elite genotypes.  

 

Juvenile explants of several fruit species have been used to develop 

protocols for efficient regeneration systems for clonal multiplication and 

improvement of genetically elite varieties of woody fruit species (Ainsley et al., 

2001).  Protocols using nodal sections and apices have been developed for 

clonal propagation of D. pruriens and D. jerseyana (Chapter 2) and 

adventitious shoot regeneration via direct and indirect organogenesis using 

cotyledons, cotyledonary nodes, internodes, leaves and petioles for these 

species has been achieved and reported here for the first time (Chapter 3). 

Growth regulators; BA, TDZ, NAA and 2,4-D have been used for in vitro 

culture of D. pruriens and D. jerseyana. Davidsonia species have very hairy 

stems and leaves and D. pruriens, has mainly a single thick apical and hairy 

bud which is virtually impossible to decontaminate.  
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The use of GA3 in combinations with cytokinins, for shoot proliferation of 

several species of Eucalyptus, other Australian endangered species and for 

induction of flowering and fruiting in angiosperms has been reported (Chapter 

4). Since there was no evidence of any loss of activity, GA3 was added to the 

media before autoclaving. Relatively low concentrations of GA3, was effective 

in shoot elongation of D. pruriens (1.0 µM) and D. jerseyana (0.01 µM) on 

nodal explants from in vitro grown seedlings. The shoot heights of D. pruriens 

in juvenile micropropagated explants increased to 54-89 mm with the use of 

GA3. 

 

Application of 1.0 µM GA3 to apices, axillary nodes and stems (internodes) of 

D. pruriens after treatment with organogenesis shoot induction medium (1.0 

µM TDZ and 1.0 µM NAA) was highly effective. Multiple shoots were 

produced on nodes and internodes. Shoots grew upto 45 mm in height 

producing 3-5 nodes per shoot in 60 days. With an average of four nodes per 

shoot, apices could produce 288 shoots, and the nodes could produce 192 

shoots after four subcultures from a single seedling (Chapter 4). This was the 

highest potential multiplication rate for the recalcitrant D. pruriens compared 

to other prevoius protocols including the treatment with optimum cytokinins.  

 

Application of 0.1µM GA3 and 0.01 µM 2iP to D. jerseyana explants and 1.0 

µM GA3 and 1.0 µM BA to D. pruriens explants in protocols for multiplication 

of juvenile or mature tissues was highly effective (Chapter 4). Shoot heights 

in apical shoot tips (3.8 mm) and axillary nodes (13.8 mm) of D. pruriens was 

obtained in medium containing 10.0 µM GA3 and 1.0 µM BA with potentially 

3-5 nodes per shoot. However, 1.0 µM TDZ + 1.0 µM NAA for organogenesis 

(Chapter 3) combined with 1.0 µM GA3 would produce a high multiplication 

rate for rapid clonal propagation of mature trees of elite genotypes of D. 

jerseyana and recalcitrant D. pruriens. Axillary nodes of D. jerseyana, 

responded better than D. pruriens, producing shoot height of 12.1 mm in 1.0 

µM GA3 treatment (Chapter 4). The multiplication rate in D. jerseyana was 

higher than previous experiments due to production of multiple tall shoots per 
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explant. Although the shoots were taller, it did not necessarily increase the 

the number of nodes per shoot due to the elongation of the internodes.  

 

Gibberellic acid has been found to be detrimental to rhizogenesis in some 

species (Riley, 1987; George, 1993). It also retarded root development in 

Davidsonia species (Chapter 4). The residual effect of exogenous cytokinins 

BA or TDZ severely reduced the rooting, especially in D. pruriens (Chapters 3 

and 4). Shoot and root response of D. pruriens has been slightly limited due 

to phenolic exudation causing darkening of shoot base and the media. 

Phenolic exudation had been a problem for the adult tissues of all three 

species. To prevent toxicity and necrosis, the bases of shoots were thinly 

trimmed before repositioning them on the same medium or transferring them 

to fresh medium.  

 

The appearance of roots was delayed and the number and length of roots 

were reduced as the concentration was increased from 0 to 1.0 µM GA3. The 

explants were incubated on root induction medium for optimum exposure 

times; seven days for D. pruriens and one day for D. jerseyana (Chapter 2).  

Despite only one day exposure for root induction in D. jerseyana, there was a 

significant retardation in root response due to the residual effect of 

exogenous GA3. Riboflavin was added to the root induction medium to 

oxydize any residual PGRs having detrimental effects on the rooting 

response (Drew, 1991). Alhough 1.0 µM GA3, produced 2.9 mm height in 

apical tips and 5.3 mm in axillary nodes, they produed higher percentage of 

roots (33.3%) and 86.4%, respectively, compared to taller shoots in 10.0 µM 

GA3 treatment. The 1.0 µM GA3 concentration was overall the best treatment 

in terms of shoot and root parameters measured. Plantlets with well 

developed roots were successfully transferred to pots after acclimatization as 

described in Chapter 2. Shoot and root response was different in explants 

from in vitro seedlings, micropropagated juvenile or mature shoots, mature 

greenhouse plants or shoots derived organogenically from mature leaves, 

internodes or petioles. Protocols established using a wide range of explants 
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will ensure that there is an ample supply of future planting material. The 

biotechnological and traditional approaches currently used will support the re-

establishment of the popularity of Australian bushfood  plants.  

 

The recent taxonomic revision of Davidsonia (Family Cunoniaceae) into three 

species (Harden and Williams, 2000), was based on a wide range of 

morphological variations. Genetic relationships in Australian Eucalyptus 

(Daggard, 1996), Cassia brewsteri (Cunningham et al., 2002) and a 

technique previously used for significant improvement of commercially 

farmed M. integrifolia, M. tetraphylla and their hybrids (Peace, 2002) have 

been successfully studied using RAF’s. The genetic variations such as fruit 

sizes, flowering and fruiting times, hairiness of fruits and/or leaves, number of 

seeds or seedlessness, size of trees, growth habits, biochemical 

compositions of fruits, and adaptability to different conditions are some of the 

useful traits which could be exploited for genetic studies. The comprehensive 

genetic analysis provided highly valuable information for the selection, 

improvement, and conservation of the vulnerable, threatened and/or 

endangered species. 

 

The insight gained after preliminary study of 47 robust markers across 5 

accessions of each of the three Davidsonia species using OPA-12 markers, 

provided evidence for the authentication and confirmation of the species 

status of D. pruriens, D. jerseyana, and D. johnsonii (Nand et al., 2005) 

(Chapter 5). Using the highly efficient RAF marker technology and arbitrary 

primers, OPA-03, OPA-12 and OPK-09, a more comprehensive genetic 

diversity investigation of Davidsonia species has been done. Since no 

previous genetic analysis studies have been reported, no comparisons could 

be made. The genetic study with 42 accessions from wild and cultivated 

sources provided essential information about the 11 populations studied 

(Chapter 5). This helped in the understanding of the genetic relationships 

within and between species from large number of bands. All faint and 

doubtful bands had been excluded from the analysis, however, the 47 
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markers used provided a consistent evidence of high genetic variability within 

and between D. pruriens, D. jerseyana, and D. johnsonii.  

 

There was a high diversity within D. jerseyana and within D. pruriens, which 

are both propagated by seeds. However, it was more interesting to note that 

there was high intraspecific variation in D. johnsonii, despite being clonally 

propagated in nature. Evidence suggests that the seedless D. johnsonii is a 

species on its own, which has speciated parallel and independently to D. 

jerseyana and D. pruriens and likely to be originated from the same sources 

as the other two species in the same evolutionary period. D. jerseyana and D. 

johnsonii, which are sympatric, in subtropical regions of NSW, are not closely 

related to each other as may be thought and that there are no intermediates 

as previously mentioned (Harden and Williams, 2000). There is considerable 

genetic diversity within all three species (Chapter 5). D. johnsonii is more 

closely related to D. pruriens, the north Qld. species. A highly diverse wild 

collection of in situ germplasm is conserved on a northern NSW property. Any 

potential for genetic improvement of traits such as; sweetness, reduction in 

hairiness, heavy fruiting, smaller trees, seedlessness and higher antioxidant 

contents could become economically more suitable for commercial cultivation 

by the use of using organogenesis protocols as described in Chapter 3.   

 

Biotechnology application to develop these species could be of enormous 

advantage to the development of the new unexplored opportunities for the 

Bushfood industry (Johnson, 1996). Lack of horticultural knowledge, 

processing and storage difficulties, marketing and profit making from the 

Bushfood industry has been a challenge (Chapter 1). The inconsistency in 

the supply of products and the lack of awareness of true commercial potential 

of products has also affected growth and development of the industry.  

Despite high risks, growers and researchers have been optimistic about the 

potential commercial opportunities for the utilization of Australian native fruits. 

Some farmers have made small investments to establish their small farms to 
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conduct trials in order to develop a few species with commercial potential.  

However, some growers have more than 200 species as a collection.  

 

Micropropagation, organogenesis, embryogenesis, in vitro selection, embryo 

rescue, protoplast culture, somatic hybridization, transformation, molecular 

markers, and cryopreservation techniques have been applied to many 

tropical fruit species (Drew, 2007; Drew, 1998; Drew, 1997; Nand et at., 

2004) and Australian natives (Taji and Williams, 1996). It was important to 

establish the research and development priorities, for biotechnological 

applications and for the propagation and conservation strategies (Drew et al., 

2007) of the selected species within the bushfood industry. Selection of elite 

genotypes, cryopreservation, genetic engineering for improvement of fruit 

quality and micropropagation could be of great advantage for the 

development, conservation and commercialization of these fruit species. 

Genetic verification at seedling stage, before plantings into cultivation could 

prove highly economical and productive. Australian native plants are highly 

adapted to harsh conditions and can be developed to grow effectively in a 

wider range of conditions with effective breeding programmes and 

horticultural practices. 

 

An efficient regeneration system for rapid multiplication by tissue culture and 

biotechnological methods was developed for these species as their demand 

and the risks from wild harvests increased. This could also provide large 

stocks for orchard establishment, rootstocks and breeding programs. 

Research and development in areas of food safety, product development, 

marketing, fruit supply, storage, horticultural practices and national support is 

envisaged for a sustainable rapidly growing Australian native plant food 

industry.  
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