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Chapter 3 
In vitro Propagation of Liliaceae 

Species 

3.1 Introduction 
Micropropagation is defined as the true-to-type propagation of a selected genotype 

using in vitro culture techniques (Debergh and Read, 1991). It is based on "plant 

totipotency", the ability of plant cells to re-express their genetic potential even after 

they have differentiated, matured and assumed a specific function within the plant 

(Ziv, 1997). 

Murashige (1974a, b) proposed a three stage protocol for micropropagation of plants: 

Stage 1 - establishment of the aseptic culture; 

Stage 2 - multiplication of propagules by repeated subcultures on a multiplication 
medium; and 

Stage 3 - preparation of the plantlets for establishment in the soil (Dodds and 
Roberts, 1985). 

However, it is now believed that there are five stages that are critical to successful 

micropropagation (Debergh and Read, 1991). Stage 0 - preparation of the stock plant 

for initiation, and Stage 4 - transplanting to greenhouse conditions have also been 

included to reflect their importance (Debergh and Read, 1991; Stewart, 1999b). 

Micropropagation has many advantages over conventional methods of propagation 

including: 

1. 	Many species that are recalcitrant to conventional propagation techniques 
respond well to in vitro techniques (de Fossard, 1976; Fay, 1992; Taji et al., 
1992; Johnson and Burchett, 1996). 
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2. Rapid production of large numbers of genetically identical plants (de 
Fossard, 1976; Hutchinson et al; 1985; Taji etal., 1992; Johnson and 
Burchett, 1996; Stewart, 1999b). It is particularly important as a rapid 
method of vegetatively reproducing monocots, which cannot be propagated 
quickly in large numbers by conventional methods (McIntyre and 
Whitehorn, 1974). 

3. Production can be carried out year-round - there are no limitations due to 
seasonal variation in the external environment (de Fossard, 1976; Hartmann 
and Kester, 1983; Taji etal., 1992; Stewart, 1999b). 

4. It allows the propagation of species which produce little or no seed or seed 
with very low viability (Dixon, 1990; Johnson and Burchett, 1996). 

5. Space-saving - thousands of plants can be grown in a very small area 
(Hartmann and Kester, 1983). 

6. Superior plants - because they have been selected from superior stock. The 
growth form of micropropagated plants is also often more attractive - they 
are usually very bushy, highly branched plants, which is thought to be due to 
carry-over from the cytokinins used in the multiplication phase (Hutchinson 
etal., 1985; Stewart, 1999b). 

7. It is an excellent method for material that is in short supply for any reason as 
only very small pieces of plant are required to initiate cultures; eg. new 
cultivars, hybrids, species that grow in inaccessible areas or that are rare; 
(Hutchinson etal., 1985; Dixon, 1990; Fay, 1992; Johnson and Burchett, 
1996). 

8. Useful for ex situ conservation as germplasm can be stored long term using 
slow growth under reduced temperature and light and/or cryopreservation 
(Dixon, 1990; Withers, 1991; Fay, 1992; Johnson and Burchett, 1996). 

9. Micropropagated plants are generally easier to export or import as they are 
produced under aseptic and disease-free conditions (Hartmann and Kester, 
1983; Hutchinson etal., 1985; Taji etal., 1992; Stewart, 1999b). 

10. Micropropagated plants that have been initiated from mature plants may 
flower earlier than plants grown from seed (Hutchinson etal., 1985) - eg. 
the time to first flowering was reduced for the Australian terrestrial orchid 
Diuris longifolia when sections of immature inflorescences were used as 
initial explants (Collins and Dixon, 1992). 

11. Many species are rejuvenated by the micropropagation process, i.e. the 
plants (particularly woody species) revert from the adult stage back to a 
juvenile stage. This juvenile material develops roots much more readily 
when it is used as cuttings, with the effect lasting up to 6 months after plants 
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come out of culture. Therefore, the micropropagated plants can be used as 
mother stock for cuttings - eg. Grevillea "Robyn Gordon" was very difficult 
to strike as cuttings, however, after micropropagation the juvenile material 
produced wood that would strike at a rate of approximately 95%, compared 
to 30-40% in normal adult flowering material (Stewart, 1999b). 

Although micropropagation has so many advantages, there are also disadvantages 

associated with the technology, including: 

1. It is expensive to establish a tissue culture laboratory (Hartmann and Kester, 
1983; Hutchinson etal., 1985). 

2. The possibility of unwanted genetic variability, known as "somaclonal 
variation" (Hartmann and Kester, 1983; Stewart, 1999b). Somaclonal 
variation is defined as "variation derived from somatic (vegetative) cells 
produced from clonal material" (Stewart, 1999b). These mutations are often 
associated with the culture going through a callus stage (Larkin and 
Scowcroft, 1981; Dodds and Roberts, 1985; Stewart, 1999b). 

3. Over-production - because of the potential for rapid build-up of large 
numbers of plants, the market can become flooded with a particular species 
or cultivar very quickly (Stewart, 1999b). 

4. Micropropagation is very labour intensive, with high associated costs (Ziv, 
1997). 

5. It must not be assumed that all micropropagated plants are completely 
disease-free - cultures are not always disease-indexed by commercial 
laboratories due to the time and expense involved. Therefore, endogenous 
contaminants such as bacteria and viruses may sometimes go undetected 
(Stewart, 1999b). 

6. Any errors in maintenance of identity, introduction of an unknown pathogen, 
or appearance of an unobserved mutant may be multiplied to very high 
numbers in a short time (Hartmann and Kester, 1983). 

These disadvantages and potential problems must be kept in mind when using 

micropropagation for plant production. 

A complete review of the micropropagation procedure and other techniques used in 

plant tissue culture is beyond the scope of this thesis. However, for further 

information on these topics the reader is referred to the following references: de 

Fossard (1976), Bhojwani and Razdan (1983), Hartmann and Kester (1983), George 

and Sherrington (1984), Dixon (1985), Dodds and Roberts (1985), Zimmerman et al. 
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(1986), Pierik (1987), Bhojwani (1990), Debergh and Zimmerman (1991), Bajaj 

(1992), Taji et al. (1992), Stewart (1999b). A comprehensive review of the 

micropropagation of Australian native plants can be found in taji and Williams 

(1996). 

The majority of work on in vitro propagation of the Liliaceae family has been 

concerned with ornamental flower bulb genera. Lilium species have been the most 

widely researched. Other genera to appear in the literature include Hyacinthus, 

Tulipa, Muscari, Fritillaria and Ornithogalum, but to a lesser extent. In terms of 

Australian natives from the Liliaceae family, the most widely researched genus has 

undoubtedly been Blandfordia (Dunstan, 1982; Johnson and Burchett, 1991; 

Johnson, 1992, 1997; Bunn and Dixon, 1997). Thysanotus has also been propagated 

in vitro (Tan and Broadhurst, 1993; Johnson, 1997) and preliminary studies have 

been completed on Dianella tasmanica (Sward, 1995; Sward et al., 1997, 1998). 

3.1.1 In vitro propagation of Lilium 
The Lilium genus contains 10 different divisions encompassing the many different 

hybrids (eg. Asiatic, Oriental etc.), the true species and their forms (Bryan, 1994). 

The flowers are available in all colours of the floral spectrum, with the exception of 

blue (Hessayon, 1995). They are long-lasting cut flowers (Moore etal., 1993; Bryan, 

1994) and are also ideal as container and garden plants (Moore etal., 1993; Bryan, 

1994; Hessayon, 1995) (Plate 3.1). 

The majority of in vitro studies on the Lilium genus have used the following 

species: L. speciosum, L. longiflorum, L. japonicum, and L. auratum. A wide range 

of cultivars and hybrids have been studied. The media of choice has generally been 

based on MS (Murashige and Skoog, 1962), usually in a solid form, but occasionally 

as liquid shake cultures (Takayama and Misawa, 1983b; Kawarabayashi, 1993a) or 

liquid stationary cultures (Varshney et al., 2000). A small number of authors have 

used Linsmaier and Skoog (LS) (Linsmaier and Skoog, 1965) medium (Stimart etal., 

1980; Novak and Petru, 1981; Stanilova et al., 1994); while a modified MS 

containing B5 vitamins (Gamborg etal., 1968) was used by Enaksha etal. (1994). 
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Plate 3.1. Oriental Lilium "Stargazer" flowers. Flower diameter = 14 cm. 

Historically, in vitro cultures of Lilium have been initiated using bulb scales as the 

primary explant source (Van Aartrijk and Blom-Barnhoorn, 1979, 1981, 1983, 1984; 

Takayama and Misawa, 1979, 1980, 1982, 1983a, 1983b; Novak and Petru, 1981; 

Van Aartrijk etal., 1985a, 1985b; Matsuo etal., 1989; Gerrits etal., 1992; 

Kawarabayashi, 1993a, 1993b; Djilianov etal., 1994; Maesato etal., 1994; Stanilova 

etal., 1994; Varshney etal., 2000; Misra and Datta, 2001; Wawrosch etal., 2001). 

Callus, initiated from bulb scales (Simmonds and Cumming, 1976; Stimart et al., 

1980; Novak and Petru, 1981, Mizuguchi and Ohkawa, 1994; Mizuguchi et al., 1994; 

Watad et al., 1998), shoot tips (Godo et al., 1996) or floral parts (Tribulato and 

Loftier, 1996; Chang etal., 2000), has also been used as an explant source for the 

regeneration of plants. The use of callus, which can sometimes cause somaclonal 

variation, is suitable for Lilium because, like Freesia, the callus produced has been 

found to be genetically stable (Van Aartrijk and Van der Linde, 1986). In fact, 

Lilium longiflorum is considered to be the most genetically stable monocot species 

in callus cultures (Sheridan, 1968; Simmonds and Cumming, 1976; Bennici, 1979; 

Priyadarshi and Sen, 1992). 
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One of the important reasons behind the use of in vitro techniques for Lilium was 

the aim of producing virus-free plants. Lily Symptomless Virus (LSV) was the main 

target for eradication. Shoot tip apices (Sheridan, 1968; Allen and Linderman, 1976; 

Simmonds and Cumming, 1976; Allen and Anderson, 1980; Allen et al., 1980; 

Maesato etal., 1991) or meristem tips (Asjes et al., 1974; Asjes, 1976; Van Aartrijk 

and Blom-Barnhoorn, 1979, 1985; Lawson, 1986) have been the primary explant 

source in this case. Allen and Anderson (1980) and Allen et al. (1980) were also 

able to obtain virus-free plants by culturing small bulblets that formed on the basal 

plate of the virus-infected mother bulb. 

As well as the explant types already mentioned, others have also been used to 

propagate Lilium species in vitro. These include: leaf segments (Hussey, 1975a, 

1975b, 1976a; Niimi and Onozawa, 1979; Takayama and Misawa, 1979; Novak and 

Petru, 1981; Paek etal., 1987; Enaksha etal., 1994; Stanilova etal., 1994; Niimi, 

1995), stem segments (Hussey, 1975a, 1975b, 1976, 1980b; Paek etal., 1987; 

Enaksha etal., 1994; Stanilova etal., 1994; Niimi, 1995; Nhut, 1998), ovaries 

(Novak and Petru, 1981; Stanilova etal., 1994) peduncles/petals (Takayama and 

Misawa, 1979), pedicels (Liu and Burger, 1986), anthers (Han etal., 1997) and 

filaments with anthers (Arzate-Fernandez et al., 1997). 

Recently, in vitro studies of Lilium have begun to concentrate on the use of more 

advanced methods of tissue culture, including somatic embryogenesis (Haensch, 

1996; Tribulato etal., 1997; Nhut etal., 2001), embryo rescue culture (Van Tuyl et 

al., 1992; Okazaki etal., 1994, 1995; Chin etal., 1996), protoplast culture (Sugiura, 

1993; Mii etal., 1994; Godo et al., 1996) and genetic transformation (Langeveld et 

al., 1996; Tribulato and Loftier, 1996; Van der Leede-Plegt etal., 1996; Watad etal., 

1998; Nhut etal., 2001; Hoshi etal., 2004). Embryo culture studies have been 

concerned with breeding and, in particular, the production of hybrids that are not 

possible using conventional breeding techniques. Van Tuyl etal. (1992, 1996) were 

able to make wide interspecific crosses more efficiently by combining pollination 

techniques with in vitro methods (ovary, ovary-slice and ovule culture). Okazaki et 

al. (1994) produced interspecific hybrids between "Oriental" and "Asiatic" Lilium 

hybrids with the use of embryo culture. They also used cut-style pollination and 
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embryo culture to obtain hybrids of L. concolor and L. dauricum, successfully 

introducing the characteristics of larger flower size from L. concolor into L. 

dauricum (Okazaki et al., 1995). Wide hybridisations have also been achieved 

between L. longiflorum and Asiatic and Oriental lilies using in vitro pollination and 

ovary culture or in vivo pollination combined with ovary-slice culture (Chin et al., 

1996). 

Sugiura (1993) developed a method of regenerating plants from the protoplasts of 

two species, L. speciorubel and L. elegance. Plant regeneration was also achieved 

from protoplasts of Lilium xformolongi (Mii et al., 1994; Godo et al., 1996), and 

crosses between cultivars of L. longiflorum (Famelaer et al., 1996). 

Genetic transformation of callus cultures of Lilium longiflorum, Asiatic hybrids and 

Oriental hybrids has been achieved by Tribulato and Loftier (1996). A particle gun 

was used to insert the bar gene (conferring resistance to the herbicide Glufosinate 

("Basta") into the cells. Transgenic lilies have also been produced by using pollen 

grains as a vector for DNA delivery (Van der Leede-Plegt et al., 1996). The NPTII 

gene (for kanamycin resistance) was inserted into pollen grains using a particle gun. 

This pollen was used for pollination of flowers to incorporate the gene into new 

plants. Transformation of liliums has also been performed to insert genes conferring 

resistance to LSV (Langeveld etal., 1996). Transgenic plants of the Oriental hybrid 

lily, Lilium cultivar Acapulco, have also been produced by Agrobacterium-mediated 

genetic transformation (Hoshi et al., 2004). 

A recent advance in in vitro propagation of the Lilium genus is the use of the thin 

cell layer (TCL) system to establish successful organogenic and somatic 

embryogenesis pathways in L. longiflorum (Nhut et al., 2001). TCLs derived from 

different explant sources, such as receptacles, leaves, young stems, stem nodes, 

bulblets, pseudo-bulblets, shoots and somatic embryos, can be manipulated to form 

different organs (Nhut et al., 2001). The ability to manipulate and control 

organogenesis through a TCL system, combined with the repeatable and efficient 

genetic transformation (that is available for this genus) means that there is a 

possibility of micropropagating members of this genus with new and available 

characteristics, producing superior plants of high quality (Ibid). 
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3.1.2 In vitro propagation of Hyacinthus 
There are three species in the Hyacinthus genus (Hitclunough, 1989; Bryan, 1994), 

however, only H orientalis is horticulturally important (Nowak and Rudnicki, 

1993). As such, the majority of in vitro propagation work has focussed on this 

species and its cultivars. Available in a wide range of colours, with the exception of 

green (Hessayon, 1995), they are most suitable for container or garden planting 

(Moore et al., 1993; Bryan, 1994; Hessayon, 1995) (Plate 3.2). Hyacinthus has a 

slow natural rate of increase because the bulbs produce a small number of offsets 

(Hussey, 1975c). Therefore, the main focus of in vitro studies has been to increase 

this multiplication rate. 

Plate 3.2. Hyacinthus orientalis growing as a container plant. Individual flower 
diameter =2 cm. 
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As with Lilium, the most commonly used explants have been bulb scales (Pierik and 

Woets, 1971; Pierik and Ruibing, 1973; Pierik and Post, 1975; Pierik and Steegmans, 

1975; Hussey, 1975a, b, c, 1976; Amaki etal., 1984; Chung et al., 1984; Pack etal., 

1987; Takayama et al., 1991). Other primary explant sources have included: leaves 

(Hussey, 1975a, b, c, 1976; Krause, 1980; Chung etal., 1983, 1984; Paek et al., 

1987; Bach and Cecot, 1989), immature flower buds (Kim et al., 1981), inflorescence 

stem (scape) tissue (Hussey, 1975a, b, c, 1976, 1980; Chung etal., 1983, 1984; Kim 

et al., 1981; Pack et al., 1987; Ziv and Lilien-Kipnis, 2000), pedicel/peduncle 

junctions (Ziv and Lilien-Kipnis, 2000) and perianth explants (Lu etal., 1986, 1988). 

Plantlets have also been regenerated indirectly from callus (Hussey, 1975b). The 

vegetative apex has been cultured with the aim of producing virus-free plants, but 

less than 1% of the plants were actually virus-free (Asjes etal., 1974). A higher 

percentage of virus-free plants were obtained by culturing isolated meristems, which 

had formed on bulb scale explants (Blom-Barnhoorn etal., 1986). 

Growth medium for Hyacinthus in vitro has generally been a solid MS, or a slight 

modification of the basic MS recipe (Hussey, 1975b, 1976; Kim et al., 1981; Chung 

etal., 1984; Paek et al., 1987; Bach and Cecot, 1989; Takayama et al., 1991; Ziv and 

Lilien-Kipnis, 2000). A double-phase culture medium, where explants were initially 

grown on a solid medium and a liquid medium added 5 weeks later, was used by 

Bach and Cecot (1988, 1989). Liquid shake culture, using MS medium, has also 

been used (Takayama etal., 1991). Apart from MS, a culture medium containing 

Knops macroelements (1884), Hellers microelements (1953), with the exception of 

FeC1 3 , and the addition of NaFeEDTA and glucose was used by Pierik and Woets 

(1971) and Pierik and Steegmans (1975). 

3.1.3 In vitro propagation of Tulipa 
There are approximately 100 species within the Tulipa genus (Hitchtnough, 1989; 

Bryan, 1994). Only a few species are grown commercially (Le Nard and De Hertogh, 

1993a), however, these few species have hundreds of cultivars, and there are more 

than 2,000 registered hybrids (Bryan, 1994). Tulips are available in an extensive 

colour range (Plate 3.3), from pure white to almost black, including bi-colours, and 
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the "broken tulips" which have complex patterning caused by a virus (Hessayon, 

1995). They are excellent garden plants, especially when mass-planted, and are also 

suitable for container growth and as cut flowers (Moore et al., 1993; Bryan, 1994; 

Hessayon, 1995). 

Plate 3.3. Different coloured Tulipa flowers. Petal length = 7cm. 

Initial efforts to propagate Tulipa in vitro were unsuccessful. Hussey (1975b) was 

unable to obtain cultures of bulb scale explants that were free of contamination. Leaf 

and ovary wall explants were also tried, but no callus or plantlets could be induced 

on these tissues (Hussey, 1975b). These results were unusual, as the other four 

Liliaceae species used in that study proved to regenerate easily in vitro. Regeneration 

of buds from bulb scales was later achieved (Nishiuchi, 1979; Riviere and Muller, 

1979). Bulb formation was achieved from axillary buds (Riviere and Muller, 1976), 

however, axillary bud culture only represented a slight increase over the natural 

multiplication rate of tulips by daughter bulb formation (Rice et al., 1983). 

Floral stem sections have been used quite successfully as an initial explant source. 

Large numbers of adventitious shoots were obtained when explants were grown on a 
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modified MS medium (Wright and Alderson, 1980). Attempts have been made to 

optimise shoot production from floral stem explants (Taeb and Alderson, 1987) and 

to optimise the production of plantlets to be established ex vitro (Alderson et al., 

1986). The induction of bulbing on.tulip shoots initiated on floral stem explants has 

also been studied (Rice etal., 1983; Alderson and Taeb, 1990). Both authors found 

that bulbing was enhanced by incubating shoot cultures at a low temperature (4°C) 

and by increasing sucrose levels in the media. The direct regeneration of bulb-like 

structures and bulblets on floral stem explants has also been reported (Baker et al., 

1989; Chanteloube etal., 1993). 

More recently, a number of researchers have worked on developing better protocols 

than the only existing commercially utilised method of adventitious shoot formation 

on floral stem explants, which they described as being very labour intensive, time 

consuming and therefore, expensive (Gude and Dijkema, 1996; Gerrits and Kuijpers, 

1996). Gerrits and Kuijpers (1996) focused on the initiation and propagation phases. 

Using thin stem slices as explants, they aimed to increase the number of meristems 

by adding paclobutrazol, methyl-jasmonate and silver thiosulphate to the media. All 

three additions increased the percentage of meristems, but only bulblets were formed 

in the presence of paclobutrazol and methyl-jasmonate, while on silver thiosulphate, 

shoots were formed. Gude and Dijkema (1996) developed a propagation system 

consisting of a cell suspension phase (to reduce manual labour) and a regeneration 

phase where each cell or microcallus produced a somatic embryo. They also found 

that direct somatic embryogenesis occurred when stem slices were cultured on media 

supplemented with 51aM 2,4-D or picloram. 

The production of haploid and doubled haploid embryos from isolated microspores 

was also reported (Van den Bulk etal., 1994). These embryos could be matured, but 

they were only capable of partial germination. However, shoot regeneration from 

embryo-derived structures did occur. This research could be of great value to tulip 

breeding as the resultant doubled haploid plants would be homozygous. 

Other in vitro studies have also been aimed at breeding new tulips. Specifically, the 

new techniques of using PGRs directly on ovaries, cut-style, grafted style and 

placental pollination have been used to overcome crossing barriers (Marjan et al., 
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1996). When ovaries were treated with 0.1% BAP in lanolin, seeds were obtained 

from the cross of T. gesneriana with T agenensis. This cross had never produced 

seeds when conventional breeding techniques were used. 

Researchers have also begun the preliminary work for use in genetic transformation 

of tulip. Using stem explants the effectiveness of selective agents [kanamycin, 

hygromycin and phosphinotricin (Basta (1') )] and suitable marker genes have been 

determined (Chauvin etal., 1996). 

3.1.4 In vitro propagation of Muscari 
The genus Muscari contains approximately 50 species, the majority originating from 

the Mediterranean region (Chittenden, 1956). Commonly known as "Grape 

Hyacinth" or "Tassel Hyacinth", they are very hardy plants (Bryan, 1994) with a wide 

range of uses. Suitable for rockeries and borders, they can also be used for 

naturalising in woodland or grassy areas (Rudnicki and Nowak, 1993; Hessayon, 

1995), or as an outdoor or indoor container plant (Hessayon, 1995). They also make 

quite good cut flowers (Bryan, 1994; Hessayon, 1995). The flowers are usually blue, 

but are also available in white, yellow and purple (Hessayon, 1995). A rare rose 

colour has also been noted (Bryan, 1994). Varieties of the species M armeniacum 

are the most widely used horticulturally (Hitchmough, 1989; Hessayon, 1995). 

Muscari grows rapidly in tissue culture (Cumming and Peck, 1984) and has been 

propagated in this mariner using a variety of primary explant types, including: bulb 

scales (Hussey, 1975b; Cumming and Peck, 1984; Peck and Cumming, 1986), shoots 

(Hussey, 1980), leaves (Hussey, 1975b; Saniewslci and Pytlewski, 1979; Cumming 

and Peck, 1984), ovary wall tissue (Hussey, 1975b) and other inflorescence parts 

such as perianth members, anthers and ovaries (Cumming and Peck, 1984). 

Regeneration from an intermediate callus stage has also been reported (Hussey, 

1975b). 

M armeniacum has been the most widely used species in in vitro propagation work, 

while M comosum (Saniewski and Pytlewski, 1979; Saniewski and Puchalski, 1982) 

and M botryoides (Hussey, 1975b; Saniewslci and Puchalski, 1982) have also been 
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studied. A solid MS (Murashige and Skoog, 1962) or a slight modification of MS 

has generally been used for culture of Muscari (Hussey, 1975b; Saniewski and 

Pytlewski, 1979). A liquid MS medium was found to be more suitable for the culture 

of smaller inflorescence parts (Cumming and Peck, 1984). 

Muscari responds well to tissue culture conditions, with plantlets being induced 

directly on leaf (Hussey, 1975b; Saniewski and Pytlewski, 1979), bulb scale and 

young inflorescence stem explants, without the presence of PGRs in the medium 

(Hussey, 1975b). The addition of an auxin (NAA) was found to stimulate plantlet 

formation, while a cytokinin (BAP) was inhibitive (Saniewski and Pytlewslci, 1979). 

Bulblet formation was inhibited by auxins (Saniewslci and Puchalslci, 1982). The 

addition of activated charcoal (AC) to the media was found to enhance bulblet 

production (Cumming and Peck, 1984; Peck and Cumming, 1986). 

More recently, organogenesis and somatic embryogenesis have been achieved from 

callus cultures of Muscari armeniacum cultivar Blue Pearl (Suzuki and Nakano, 

2001). High frequency callus formation was obtained from leaf explants on media 

containing 2,4-D, NAA or picloram. Both a yellow nodular callus and a white friable 

callus containing a few somatic embryos were produced. The yellowish nodular 

callus produced shoot buds when grown on media containing 0.44 —44uM BAP, 

while the white friable callus produced numerous somatic embryos when grown on a 

PGR-free medium. Both shoot buds and somatic embryos developed into complete 

plantlets on PGR-free medium (Suzuki and Nakano, 2001). Transgenic plants of M 
armeniacum have also been produced (Suzuki and Nakano, 2002). 

3.1.5 In vitro propagation of Fritillaria 
The genus Fritillaria contains approximately 100 species native to the Northern 

Hemisphere (Hitchmough, 1989; Le Nard and De Hertogh, 1993b). The reserve 

organ is a non-tunicated bulb, with the size and number of scales varying according 

to species (Le Nard and De Hertogh, 1993b). The flowers vary in both colour and 

shape (Le Nard and De Hertogh, 1993b). Colours available are white, yellow, green, 

orange, red, lilac, brown and purple, and sometimes in combination as a chequered 
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pattern (Hessayon, 1995). The flower shape may be nodding, funnelform or 

campanulate (Le Nard and De Hertogh, 1993b). The bulbs produce unbranched leafy 

stems. The leaves are alternate, opposite or in whorls (Bryan, 1989), as is the case 

with F. imperialis, which is unique in that the flowers are bunched together at the top 

of the stem, with a tuft of whorled leaves above them. All other species have flowers 

distributed along the stems (Bryan, 1994). 

There are only two species that are commonly grown on a commercial scale, F. 

imperialis (the "Crown Imperial") and F. meleagris (the "Snake's Head Fritillary") 

(Le Nard and De Hertogh, 1993b). Propagation of the smaller species of Fritillaria 

is generally by seed (Hitchmough, 1989), while larger species can be vegetatively 

propagated by bulb scaling, bulb cutting, offsets (Le Nard and De Hertogh, 1993b), 

and by tissue culture (Kukulczanka etal., 1989). 

In vitro cultures of Fritillaria have been initiated through a number of primary 

explant types, including: bulb scale pieces (Hussey, 1976a; Witomska and 

Lulcazewska, 1996; Su and Jiang, 1992, cited in: Zaidi etal., 2000; Chen etal., 2000; 

Shiau et al., 2000; Yang etal., 2001), leaves (Hussey, 1976a), pieces of stem 

(Hussey, 1976a), including the lower leafless part and the upper leafy stem 

(Witomska and Lukazewska, 1996) and various parts of the plant during the 

germination stage (Su and Jiang, 1992, cited in: Zaidi et al., 2000). Regeneration has 

also occurred from an intervening callus stage (Su and Jiang, 1992, cited in: Zaidi et 

al., 2000). 

A solid MS medium (Witomska and Lukazewska, 1996), or a slight modification of 

MS (Hussey, 1976a) has been used to culture Fritillaria in vitro. The cytokinin BAP 

has been used to promote branching in the usually single shoots. F. meleagris 

produced 1-3 branches per plant when a concentration of 8.91AM BAP was used 

(Hussey, 1976a). A more recent study aimed to find a more efficient explant type 

than bulb scale pieces, which are directly in contact with soil and therefore associated 

with high levels of contamination. Using F. imperialis, 4 explant types were trialled, 

2 from underground parts (bulblets initiated at the shoot base and cut vertically into 8 

segments; and shoot bases hidden in the old bulb) and 2 from above ground parts 

(lower leafless shoot segments; and upper leafy shoot segments). As expected, the 
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underground parts were the least suitable, especially the shoot bases, the majority of 

which died within 1 month of culture. Bulblet regeneration was the most rapid and 

efficient from leafy shoot segments (Witomska and Lukazewska, 1996). 

3.1.6 In vitro propagation of Ornithogalum 
The genus Ornithogalum is comprised of over 150 species (Hitchmough, 1989; Le 

Nard and De Hertogh, 1993b), and has quite a wide distribution, growing naturally in 

South Africa, Europe and Asia (Bryan, 1994). 

The species are diverse and often grouped by horticulturalists into 2 groups - those 

which are hardy, like 0. umbellatum, the "Star of Bethlehem" (Le Nard and De 

Hertogh, 1993b; Bryan, 1994); and those which are not hardy, such as 0. thyrsoides 

("Chincherinchee"), and 0. arabicum (Le Nard and De Hertogh, 1993b; Bryan, 

1994). The hardy species are suitable for rockeries or naturalising in grassland 

(Hessayon, 1995), while the more sensitive species are used as cut flowers (Le Nard 

and De Hertogh, 1993b; Bryan, 1994). 

The flower colour is usually white, or white with green stripes (Hitchmough, 1989; 

Le Nard and De Hertogh, 1993b; Bryan, 1994; Hessayon, 1995), while some of the 

South African species are in the orange-red-yellow range (Le Nard and De Hertogh, 

1993b; Bryan, 1994). Most species multiply easily by bulb offsets or by seed 

(Hitchmough, 1989). 

A number of Ornithogalum species have been propagated in vitro including, 0. 

arabicum (Halaban etal., 1965; Yanagawa and Ito, 1988), 0. thyrsoides (Hussey, 

1975b), and more recently, 0. dubium (Ziv and Lilien-Kipnis, 1996, 1997, 2000) 

and a cross between 0. dubium and 0. 'Nova' (Hong et al., 1996). 

Ornithogalum responds well to in vitro conditions and cultures have been initiated 

from a range of primary explant types including bulb scales (Halaban etal., 1965; 

Hussey, 1975b; Yanagawa and Ito, 1988), meristems (Halaban etal., 1965), leaves 

(Hussey, 1975b; Nel, 1981, cited in: Zaidi etal., 2000; Ziv and Lilien-Kipnis, 1996, 

1997), inflorescence stem sections (Hussey, 1975b; Ziv and Lilien-Kipnis, 1996, 

1997, 2000), pedicel/peduncle junctions (Ziv and Lilien-Kipnis, 2000) and ovary 
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wall tissue (Hussey, 1975b). Ovary and ovule culture have also been reported for 

Ornithogalum (Hong et al., 1996). 

Plantlets can be induced directly on bulb scales, leaves, inflorescence stem and ovary 

wall tissues, without an intervening callus stage, and without the addition of any 

PGRs (Hussey, 1975b). In his work, Hussey (1975b) compared 12 species from the 

Liliaceae, Iridaceae and Amaryllidaceae families. The speed of induction of plantlets 

on all explant types was fastest for Ornithogalum. Callus could also be induced by 

the auxin IAA as well as all concentrations tried of NAA and 2,4-D; while all other 

species (with the exception of Muscari) required medium to high concentrations of 

NAA and 2,4-D before callus would form (Hussey, 1975b). Regeneration of 

plantlets from callus occurred when the callus was transferred to a medium 

containing less auxin (Hussey, 1975b). 

More recently, 0. dubium has been successfully cultured on a large-scale using a 

bioreactor (Ziv and Lilien-Kipnis, 1996, 1997). Initially explants were cultured on a 

solid MS medium supplemented with BAP and NAA. The buds that formed were 

transferred to liquid MS on a shaker, and the resultant bud clusters were divided and 

placed into bubble column bioreactors. Buds were placed onto a hardening and 

bulbing medium, prior to plantlets and bulblets being transplanted to greenhouse 

conditions. Plants flowered in less than 6 months (Ziv and Lilien-Kipnis, 1996, 

1997). 0. dubium buds developing from, and still attached to, floral scape sections 

have also been successfully transferred to liquid medium in bioreactors (Ziv and 

Lilien-Kipnis, 2000). After only 32 days in culture an initial bid cluster of 15 g 

increased to a 140 g bud cluster biomass (Ibid.). 

The relatively new techniques of direct application of PGRs on ovaries, and ovary 

and ovule culture, have also been used in an attempt to produce new interspecific 

hybrids of Ornithogalum (Hong et al., 1996). In crosses between 0. 'Nova' and 0. 

dubium seeds will not usually form due to incompatibility. PGRs in lanolin paste 

were applied directly to the ovary surface. NAA was the most successful, inducing 

growth of fertile and non-fertile ovaries and preventing senescence. The percentage 

of fertile ovaries was also increased. Ovary and ovule culture was also successful 
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and the seeds from treated ovaries were significantly more viable than controls (Hong 

etal., 1996). 

The type of basal medium that has been used for in vitro culture of Ornithogalum is 

usually MS, or a slight modification of MS (Hussey, 1975b; Ziv and Lilien-Kipnis, 

1996, 1997) (MS may be in a solid or liquid form). Nel media (Nel, 1981, cited in: 

Zaidi et al., 2000) has also been used successfully to regenerate shoots on leaf 

explants. 

3.1.7 In vitro propagation of Blandfordia 
For general information regarding the history and uses of Blandfordia as a 

horticultural crop, the species descriptions and distributions see Chapter 1 (sections 

1.1.1, 1.2.1.1 and 1.2.2.1). 

Blandfordia can be propagated relatively easily by seed (Blombery, 1972; Johnson, 

1987; Collier, 1989; Greig, 1993; Moore etal., 1993; Wrigley and Fagg, 1996; 

Stewart, 1999b; 2002), with germination rates as high as 90% (Johnson, 1990). 

However, it takes about 2-3 years from germination until flowers are produced 

(Greig, 1993; Johnson, 1987, 1996; Wrigley and Fagg, 1996; Page and Olds, 2004). 

The plants can also be propagated by division (Johnson, 1996a; Stewart, 1999b), 

however, this is a slow process, with clumps of plants being suitable for subdivision 

only every 2-3 years, and only 2-3 new plants being obtained (Johnson, 1996a). The 

new plants take about 2 years to reach flowering stage (Johnson, 1996a). 

To aid in the commercialisation of the genus, it was necessary to increase the natural 

multiplication rate. Micropropagation techniques were employed so that clones with 

desired attributes could be rapidly multiplied, and also to aid in the development of 

new hybrids with superior yield, vigour and consistency (Johnson, 1996a). Initial 

efforts to propagate Blandfordia in vitro were by Dunstan (1982). He germinated 

seeds in vitro, but could not obtain clean cultures when using excised shoot tips 

(Johnson and Burchett, 1991). Johnson and Burchett (1991) managed to obtain clean 

excised shoot tip cultures of B. grandiflora, although contamination was quite high, 

with only 10 out of 25 buds being free of external contamination. Using a basal MS 
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medium, shoots were grown on a wide range of concentrations of three cytokinins 

(kinetin, 2iP and BAP) to ascertain the best multiplication rate. This was achieved 

on media containing 2uM BAP (10 shoots per explant) or 8uM lcinetin (8 shoots per 

explant), or 81/M 2iP (8 shoots per explant) (Johnson and Burchett, 1991). Shoots 

could be induced to form roots on media containing all auxins tested (IBA, NAA and 

IAA). Roots also formed on 67% of explants when grown on an auxin-free basal 

medium. 100% of shoots grew roots when placed on media containing IBA at 21AM 

or 8IAM, with an average of 6 roots per explant (Johnson and Burchett, 1991). 

Rooted plantlets were successfully transplanted to ex vitro conditions, with an 

average of 95% survival (Johnson and Burchett, 1991). 

In a later experiment, with the aim of increasing the multiplication rate while 

decreasing the labour involved, a liquid medium phase was included (Johnson, 

1992). Clumps of multiplying explants were moved to fresh solid media (without 

cutting) and liquid media was added on top of the solid media (Johnson, 1992). A 

low concentration of 0.51AM BAP in the liquid medium was enough to increase 

multiplication rates to 30 plantlets per explant (Johnson, 1992), 3 times the best rate 

achieved on solid media alone (Johnson and Burchett, 1991). 

More recently, somatic embryogenesis has been explored as a new means of 

propagating Blandfordia in vitro (Johnson, 1997). Somatic embryogenesis offers a 

more effective method for large scale propagation, which will be necessary to meet 

the demands of the ever-increasing market for the cut flowers (Johnson, 1997). 

Embryogenic structures formed on leaf section explants on all media tested (MS + 5, 

10 or 20uM picloram, or the same concentrations of 2,4-D) after 4-6 months 

(Johnson, 1997). To induce germination of somatic embryos, callus was transferred 

to MS or 1/2 MS media with BAP or 2iP (or both) at a 21iM concentration. 

However, this media was not successful and germination did not occur (Johnson, 

1997). 

Flower buds have also been utilised as a primary explant type (Bunn and Dixon, 

1997). When unopened buds were grown on a 1/2 MS medium supplemented with 

10uM BAP and 0.5uM IBA, adventitious shoots formed directly from the perianth or 

external ovary tissues. As many as 17 shoots were formed on each floral explant 
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(Bunn and Dixon, 1997). Shoots could be multiplied on 1/2 MS medium containing 

0.25uM BAP and 2.5uM kinetin, with a two-fold increase in the number of shoots 

every 5-6 weeks. Shoots formed roots when grown on a basal 1/2 MS medium 

without any PGRs. Rooted plants were established in potting mix with minimal 

losses. The use of floral parts as the primary explant type means that the often high 

contamination rates associated with the use of underground meristematic regions of 

geophytes can be avoided (Ziv and Lilien-Kipnis, 2000). 

With the increase in the popularity of this genus as an ornamental plant, there is no 

doubt that research into new and more efficient ways of propagating Blandfordia in 
vitro will continue. 

3.1.8 In vitro propagation of Thysanotus 
Thysanotus, or "Fringe Lily", is a genus which contains 49 species (Britton, 1987; 

Stanley and Ross, 1989; Conran, 1994; Curtis and Morris, 1994). All species are 

found in Australia, while the range of two species extends to New Guinea, and one 

species throughout south-east Asia and north to China (Brittan, 1987; Stanley and 

Ross, 1989; Conran, 1994). Within Australia, there are representative species in 

every state (Blombery, 1972). T patersonii is the only species native to Tasmania 

(Brittan, 1987; Curtis and Morris, 1994). 

Thysanotus are perennial herbs (Blombery, 1972; Brittan, 1987; Conran, 1994; 

Curtis and Morris, 1994). The growth habit varies from tufted grass-like plants to 

weak climbers (Wrigley and Fagg, 1996). Sometimes short rhizomes are present, and 

the roots are fibrous or tuberous (Brittan, 1987; Conran, 1994; Curtis and Morris, 

1994). The most outstanding feature of the plant is the 3-petalled purple flowers, 

which have long fringed margins (Blombery, 1972; Willis etal., 1975; Greig, 1990; 

Wrigley and Fagg, 1996) (Plate 3.4). Thysanotus flowers from spring through 

summer. Individual flowers only last for one day, opening in early morning and 

usually closing by early afternoon, but they are quickly replaced by other opening 

flowers, which extends the blooming time (Brittan, 1987; Dunn etal., 1990; Greig, 

1990). 
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Plate 3.4. Thysanotus patersonii flowers, NSW. Flower diameter = 1.5 cm. 

The species most suited to horticulture is T multiflorus, the "Many-Flowered Fringe 

Lily", which is naturally confined to Western Australia. Thysanotus are useful as 

rockery plants (Wrigley and Fagg, 1996), landscape plants (Gorst, 1996) and pot 

plants (Tan and Broadhurst, 1993; Gorst, 1996; Johnson, 1997). However, the plants 

are not easy to propagate using conventional methods. The compact clump cannot 

easily be divided, as it is highly susceptible to wounding (Tan and Broadhurst, 1993). 

Also, although the number of seed set can be greater than 100 per plant, very few 

seed will actually germinate when normal horticultural practices and conditions are 

used (Tan and Broadhurst, 1993). 

In vitro propagation methods have been used to overcome the problems encountered 

using conventional means. Thysanotus multiflorus has been cultured using isolated 

embryos as the primary explant (Tan and Broadhurst, 1993). Embryos could be 

"germinated" on a basal medium containing only salts and sugar. The use of 

embryos was necessary, as field and container grown plants were found to carry a 

systemic bacterium (Tan and Broadhurst, 1993). Isolated embryos were found to be 

free of this bacterium. Once established, germinated seedlings could  be  multiplied 

on a medium containing 0.91AM kinetin. Root development also occurred 

simultaneously on this medium (Tan and Broadhurst, 1993). During subculture, 
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larger clumps were split into smaller rooted culms, with a 6 - 8-fold increase in the 

number of shoots every 4 weeks. Rooted plantlets survived well when transplanted 

to ex vitro conditions, provided that relatively large-rooted culms were selected (Tan 

and Broadhurst, 1993). 

Thysanotus has also been propagated in vitro by somatic embryogenesis (Johnson, 

1997). This procedure was used as it offered a more effective method for large-scale 

propagation of embryogenic cells, as an alternative to conventional in vitro 

techniques that have been used to propagate Thysanotus in the past (Johnson, 1997). 

In vitro grown leaf segments were placed on MS medium supplemented with 

picloram or 2,4-D at concentrations of 5, 10 and 20W. Nodule-like callus 

developed on all media tested within 4-6 months. This callus was transferred to 

medium containing 8IAM picloram and 81aM BAP and incubated in the dark. The 

callus developed globular-like structures and meristematic centres on this medium. 

To induce germination of the somatic embryos, the callus was transferred to MS or 

1/2 MS media with BAP or 2iP, or a combination, at a concentration of 21./M, and 

incubated at 23/25°C in the light. Germination of somatic embryos was achieved in 

the Thysanotus cultures but not for Anigozanthos or Blandfordia, which were also 

included in this study. 

3.1.9 Aims of the current study 
The aim of the present study was to utilise the known information for in vitro 

propagation of other Liliaceae species (especially the native Australian species) to 

develop complete micropropagation procedures for the species included in this study, 

the majority of which have never been propagated using these techniques. 
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3.2 Materials and methods 
In all in vitro propagation experiments cultures were grown in an incubation room 

with a controlled temperature of 25 ± 2°C, a 16 hr photoperiod and a photonfluence 

of 15 - 18 ptEni 2 s4 . Data analysed by ANOVA and Tukey's HSD tests were 

performed using the SPSS for Windows statistical package (Version 10) (SPSS 

Incorporated, 2000). 

3.2.1 In vitro propagation of Blandfordia punicea 
In vitro propagation of other Blandfordia species from mainland Australia has been 

studied extensively (see section 3.1.7). As such, only a few experiments were 

conducted on Blandfordia punicea, as it would be expected to produce similar results 

to the other species. The first experiment used corm pieces as explants, as this type 

of explant had not previously been used; while the second used whole flower buds, 

which had been used successfully with B. grandiflora (Bunn and Dixon, 1997). 

3.2.1.1 Explant source: Corm pieces 

3.2.1.1.1 Disinfestation 

Two field-collected corms, from the Sentinel Range, SW Tasmania, were disinfested 

using the following procedure which has been successful for disinfesting Narcissus 

bulbs (Dr Ron Crowden, pers. comm., 1995). The corms were gently scrubbed using 

a scourer, and a scalpel was used to excise the roots as close to the base as possible. 

Corms were placed in a 200 mL polycarbonate container, the top of the container was 

covered with gauze (attached with an elastic band) to allow water to flow in and out, 

and they were left under running tap water for 1 hr. The water was removed and the 

corms were individually immersed in 100% ethanol (Et0H) for 10 sec. Each corm 

was placed in a 100 mL polycarbonate tube and covered with a 4% (available 

chlorine) solution of Na0C1+ 0.01% Tween 80 detergent, and the sealed containers 

were agitated on a rotary shaker for 45 min. Working under sterile conditions in a 

laminar flow cabinet, the Na0C1 solution was decanted from the tubes and corms 

were rinsed twice in sterile distilled water (SDW). The corms were given a further 
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surface sterilisation in 0.07% mercuric chloride + 0.01% Tween 80 for 7 min, and 

then rinsed 3 times in SDW. To finish the disinfestation procedure, the corms were 

soaked in a fungicide solution containing 0.25% (w/v) FungaflorTm +0.75% (w/v) 

ThiramTm + 0.25% (w/v) BenlateTM for approximately 30 min (while being agitated on 

a rotary shaker). The fungicide solution was not rinsed off to ensure that the corms 

received continued protection. 

Following disinfestation the corms were divided up into pieces (approximately 1-1.5 

cm x 1-1.5 cm) and placed into 30 mL culture tubes, containing approximately 10 

mL of a basal MS medium, to screen for contamination. Corm 1 was divided into 13 

pieces, while corm 2 was divided into 6 pieces (corm 2 was smaller than corm 1). 

3.2.1.2 Explant source: Whole flower buds 

3.2.1.2.1 Disinfestation 

Floral scapes with unopened flower buds were collected from a population of 

Blandfordia punicea at "The Needles", SW Tasmania in late December (Plate 3.5). 

The buds were divided into 4 different developmental stages, and as such labelled 1- 

4, with 1 being the most mature, oldest buds, 4 being the youngest, most immature 

buds, and stages 2 and 3 being intermediate. Upon return to the laboratory the floral 

scapes were stored at 4°C until disinfestation 2 days later. 

Plate 3.5. Immature Blandfordia punicea floral scapes that bud explants were 
taken from, "The Needles", SW Tasmania. Scale bars =1.2 cm. 
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For disinfestation, the intact scapes were placed in long polycarbonate tubes (500 mL 

capacity) and the tops of the tubes were covered with gauze (attached with elastic 

bands). Tubes containing scapes were placed under running tap water for 1 hr. The 

water was drained out, a 2% Na0C1 + 0.1% Tween 20 solution was added and the 

sealed containers were agitated on a rotary shaker for 30 min. This solution was 

poured out under aseptic conditions and the scapes were rinsed twice in SDW. 

Following disinfestation, individual flower buds and a small length (— 1 cm) of the 

pedicel were removed from the scape, rinsed again in SDW, and placed in 30 mL 

culture tubes containing approximately 10 mL of media. The pedicels were gently 

pushed into the media surface. The majority of explants were placed on the media 

used successfully for shoot regeneration from whole flower buds of B. grandiflora 

by Bunn and Dixon (1997); referred to as FBM (1/2 MS + 10A4 BAP + 0.51AM IBA); 

while some were placed on MS medium as a control treatment (Table 3.1). The 

explants were checked frequently for growth or any changes, and the number of 

explants which had grown shoots was recorded at approximately monthly intervals. 

After approximately 5.5 months in vitro the percentage of explants that had 

regenerated shoots from each developmental stage was analysed using Pearson's Chi-

Squared statistic. 

Table 3.1. The number of B. punicea flower buds from each developmental stage placed on MS 
and FBM. 

Developmental 
stage 

No. of buds on 
FBM 

No. of buds on 
MS 

Total no. of 
buds 

1 27 10 37 

2 15 5 20 

3 48 10 58 

4 14 5 19 

3.2.1.2.2 Multiplication 

Approximately 6 months after the flower bud explants were placed in vitro, the 

shoots growing from the explants were placed on the multiplication media (FBMM) 

used successfully for multiplying shoots developing from flower buds of B. 

grandiflora (Bunn and Dixon, 1997). This medium consisted of a 1/2 MS + 2.51AM 
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kinetin + 0.25uM BAP. Shoots growing from buds at developmental stage 2 were 

not transferred to multiplication media as they were not very healthy. At the time of 

transfer to the multiplication media the shoots were subcultured and the number 

produced by explants from each stage was recorded. From this information 

multiplication rates and mean number of shoots per explant was determined. Data 

was analysed using ANOVA and Tukey's HSD tests. 

The shoots were subcultured again 3 months after the first subculture and 

multiplication rates and mean number of shoots per explant were again determined. 

Results were analysed by ANOVA and Tukey's HSD tests. 

3.2.1.2.3 Rooting 

B. punicea shoots grew roots on FBMM and therefore did not need to be transferred 

to a rooting medium specifically for this purpose. 

3.2.1.2.4 Transplanting 

Three hundred B. punicea rooted plantlets were removed from culture tubes very 

carefully. Media was washed off the roots in lukewarm water and plantlets were 

planted in pasteurised potting mix in seedling trays. The mix was made up of 1 part 

sand: 1 part peat: 1 part perlite. This mix was used successfully for ex vitro 

establishment of B. grancliflora plantlets (Johnson, 1996a). 

Plantlets were grown in a greenhouse under mist, with the intensity of the natural 

light reduced to 70% using shadecloth. They were sprayed with fungicide (Previcur, 

Shering Pty Ltd Agrochemicals) to avoid fungal contamination. Four weeks after 

planting, a half-strength Aquasol liquid fertiliser was applied twice weekly. Plantlets 

were checked one month after planting out, and any dead plants were counted and 

removed. This process was repeated 2 months later. 
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3.2.1.3 Explant source: Whole flower buds, floral scape sections 
and pedicel/peduncle junctions 

This experiment again used whole flower buds as explants (collected from a different 

location to the explants in the previous experiment), and compared these to 2 other 

floral explants to determine which were the most regenerative. 

3.2.1.3.1 Disinfestation 

Immature floral scapes of B. punicea (with unopened flower buds) were collected 

from the abandoned Oceana mine site, near Zeehan on the West Coast of Tasmania, 

in early May. They were stored in sealed zip lock plastic bags. Upon return to the 

laboratory they were stored at 4°C until disinfestation and initiation of cultures 3 days 

later. 

The disinfestation procedure was the same as used in the previous experiment. 

Following disinfestation, the floral scapes were dissected into the following explant 

types: whole flower buds, floral scape sections and pedicel/peduncle junctions. The 

flower bud explants were separated into 5 different developmental stages, where 1 = 

the largest and therefore, oldest, and 5 = the smallest and youngest. After separation 

to single explants, all explants were rinsed once more before being placed onto FBM 

under aseptic conditions. The number and size of each explant type placed in vitro 

are shown in Table 3.2. 

The explants were checked frequently for growth or any changes, and the number of 

explants that had grown shoots, together with other observations, was recorded at 

approximately monthly intervals. The number of shoots produced by individual 

explants was also recorded, when relevant, and the mean number of shoots per 

explant was determined for each explant type. After approximately 3.5 months on 

FBM the mean number of shoots produced by each explant type was analysed by 

ANOVA and Tukey's HSD tests. After 5 months in vitro the percentage of explants 

that had regenerated shoots at different developmental stages and on different explant 

types was analysed using Pearson's Chi-Squared statistic and pairwise comparisons. 
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Table 3.2. The number and size (length) of B. punicea floral explant types placed on FBM in 
vitro. All flower bud explants also had a 0.5 cm length of pedicel still attached, which 
was inserted into the media. All pedicel/peduncle explants were placed upside down in 
the media, as this had been successful for Lilium explants (Dr Natalie Brown, pers. 
comm., 1996). 

Explant type Developmental 
stage 

No. of 
explants 

Explant length 
(cm) 

Whole flower bud 1 5 2.5 - 3.5 
2 7 1.7 - 2.4 
3 3 0.7 - 1.5 
4 9 0.3 - 0.6 
5 5 0.1 - 0.2 

Floral scape section N/A 25 0.5 - 1.0 
PediceUpeduncle N/A 4 1.0 - 1.5 

3.2.1.3.2 Multiplication 

Four months after the pedicel/peduncle and floral scape section explants had been 

placed in vitro, the shoots developing on these explants were ready to be transferred 

to the multiplication medium (FBMM, as described previously). The shoots 

developing on flower bud explants were not ready to be transferred to the 

multiplication media until approximately 1.5 months later. Clumps of shoots, rather 

than individual shoots were placed onto the new media, as it was not known whether 

single shoots would survive. Larger 100 mL culture tubes containing approximately 

30 mL of media were used for the multiplication phase. Where possible, equal 

numbers of shoots were placed in each culture tube. 

At the time of transfer to the multiplication media, the number of shoot clumps from 

each explant type was counted and recorded. The mean number of shoots produced 

by the different floral explant types was analysed by ANOVA and Tukey's HSD 

tests. The number of shoots obtained from each shoot clump was also recorded 

approximately 3 months later when shoots were subcultured, thus allowing 

multiplication rates to be determined. Again, the mean number of shoots produced 

by the different floral explant types and the different flower bud developmental 

stages were analysed by ANOVA and Tukey's HSD tests. 

As rooting and transplanting had already been studied in the previous experiment, the 

current experiment was concluded following the multiplication stage. 
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3.2.2 In vitro propagation of Dianella tasmanica 

Dianella tasmanica was initially propagated in vitro using rhizome explants, as 

these had grown successfully in preliminary micropropagation experiments (Sward, 

1995). Whole flower buds and flower stem sections were also tried due to the 

success achieved with these explants for Blandfordia punicea. The use of somatic 

embryogenesis as an alternative micropropagation technique was also studied. This 

procedure has been tried with limited success for three native Australian monocots: 

Anigozanthos, Blandfordia and Thysanotus (Johnson, 1997). 

3.2.2.1 Explant source: Rhizome pieces 

3.2.2.1.1 Disinfestation 

Fresh rhizome pieces approximately 15 cm in length were placed in 200 mL 

polycarbonate containers under running tap water for 1 hr, before a complex 

disinfestation procedure involving dissection to expose the buds, and decreasing the 

concentration of the sodium hypochlorite solution following each step of the 

dissection (Sward, 1995). After placement under running tap water, rhizome pieces 

were placed in 100% Et0H in a 200 mL polycarbonate container and agitated for 

approximately 2 min, before rinsing with SDW. They were transferred to 2% (w/v 

available chlorine) Na0C1+ 0.1% (v/v) Tween 20 detergent, and agitated on a rotary 

shaker for 10 min. Containers were placed in the laminar flow cabinet and all further 

stages were performed under aseptic conditions. After rinsing twice with SDW, the 

majority of the scale leaf was removed from the rhizomes, leaving a small piece 

covering the bud, and rhizome pieces were placed in a 1% (w/v available chlorine) 

Na0C1+ 0.1% (v/v) Tween 20 solution for 10 min on a rotary shaker. The Na0C1 

solution was decanted off, and rhizome pieces were rinsed twice with SDW. The 

final dissection to fully expose the buds was performed, and the rhizome was cut into 

smaller sections, 0.5-1.0 cm long, each containing 1 bud. These individual explants 

were placed in 0.1% (w/v available chlorine) Na0C1 + 0.01% (v/v) Tween 20 and 

agitated for 2 min. This solution was decanted off and explants were rinsed twice in 

SDW before being placed on the culture medium. 

177 



Chapter 3. In vitro propagation of Liliaceae species 

3.2.2.1.2 Multiplication 

Three separate multiplication media experiments were performed using Dianella 
tasmanica rhizome explants. After disinfestation, explants approximately 0.5-1 cm 

in length and each possessing a bud, were placed on tissue culture media and 

incubated in standard culture conditions. The media used for each experiment, the 

explant type and the number of explants in each treatment is shown in Table 3.3. 

Experiment 1 was performed to determine the response of Dianella tasmanica 
rhizome explants to in vitro conditions. Experiment 2 was designed to determine the 

best multiplication medium, and experiment 3 used subcultured shoots (obtained 

from intact rhizome pieces that had developed shoots on MS medium) in an attempt 

to increase the proliferation of shoots (due to the successful multiplication rates 

achieved with Diplarrena moraea when seedlings were subcultured) (See Chapter 

4, section 4.3.1.1.2). 

Rhizome pieces used for experiment 2 were initially grown on MS media for 1 week 

following disinfestation, in order to screen for contamination. They were then 

transferred to the multiplication media shown in Table 3.3. For experiments 2 and 3, 

the number of new shoots produced by each explant in each treatment was counted 

(generally at the time of subculturing), and the mean number of new shoots for each 

treatment was calculated. The length of shoots growing from the intact rhizome 

explants (experiment 2) was also measured weekly from 8 to 45 days of growth on 

the multiplication media. From this information a mean rate of shoot growth was 

determined for each treatment. The final mean shoot length data was analysed by 

ANOVA. Any dead or contaminated explants were counted and removed from the 

experiment each time results were recorded. 

The mean number of shoots data for explants growing on each treatment in 

experiments 2 and 3 were analysed using ANOVA and Tukey's HSD tests. Results 

were analysed both before and after subculturing. 
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Table 3.3. Culture medium, explant type and number of explants used for Dianella tasmanica 
multiplication media experiments. 

Explant type 

Experiment 1 Experiment 2 Experiment 3 

Intact rhizome 
pieces 

Intact rhizome 
pieces 

Subcultured shoots 
(from rhizome 

pieces) 

Number of 
explants in each 

treatment 

75 14 —10 

Culture medium 
(Treatments) 

MS MS (Control) 
MS + 0.5pM BAP 
MS + 804 BAP 
MS + 32pM BAP 
MS + 128pM BAP 

MS (Control) 
MS + 0.504 BAP 
MS + 8pM BAP 

MS + 128p,M BAP 

3.2.2.1.3 Rooting 

Before the shoots from the multiplication stage can be established in soil, roots must 

be initiated. This experiment aimed to assess the development of roots on D. 

tasmanica shoots in vitro and to determine the most successful media treatment for 

root initiation and elongation. Shoots obtained from the multiplication media 

experiments described above were used for this experiment. 

D. tasmanica shoots were grown on 14 different rooting media treatments to assess 

the development of roots in vitro. Four initial explants were used to obtain the 

required number of shoots for the experiment. Eighty shoots (20 from each initial 

explant) were gown on each of the 14 media treatments. The media treatments used 

were: MS (Murashige and Skoog, 1962) (control), MS supplemented with 0.5 % AC 

and MS supplemented with a range of concentrations (0.5, 2, 8 and 321AM) of three 

different auxins (NAA, IAA and IBA). 

Shoots of similar size (approx. 30 mm long, 5 mm wide) were excised aseptically 

and placed onto the rooting media treatments. Each shoot was placed in an 

individual tube of media and labelled 1-4 according to initial explant number (these 

became the replicates - 4 replicates of 20 for each treatment). The number of shoots 

that had produced roots and the number of roots produced by each individual shoot 

were counted after 1 month, and subsequently every two months, to determine the 

rate of root formation (total experiment extended for seven months). 
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Notes were also made on the appearance of shoots such as the presence of aerial 

roots, root hairs, callus, any contaminating organisms and the general health of the 

shoots. Any dead or contaminated shoots were counted and removed from the 

experiment. 

The final data for the mean number of shoots that produced roots in each treatment 

and mean number of roots produced by shoots in each treatment were analysed by 

ANOVA and Tukey's HSD tests. The data for percentage of dead shoots with roots 

and the percentage of contaminated shoots in each treatment were analysed by 

Pearson's Chi-Squared statistic and pairwise comparisons. 

3.2.2.1.4 Transplanting 

D. tasmanica rooted and un-rooted shoots were transferred from the 14 different 

rooting media they were growing on, to a 1/2 MS medium prior to planting out. 

During the transfer, the top half of the leaves and the bottom half of the longer roots 

were removed under sterile conditions. Any dead or contaminated shoots were noted 

and removed from the experiment. At the time of transfer, 210 shoots didn't have 

any roots. Shoots remained on 1/2 MS medium for 2 weeks. The day before 

planting out, shoots were assessed for approximate number of roots, percentage of 

the shoot that was green, and given a health rating (on a scale of 1-5, where 1 was 

very poor, and 5 was very good). This data was later analysed in regard to the 

percentage of plants that survived to the time when they were repotted from each 

assessment category. Pearson's Chi-Squared statistic and pairwise comparisons were 

used. 

3.2.2.1.4.1 Transplanting procedure 

Plantlets were removed from culture tubes very carefully, media was washed off the 

roots in lukewarm water and they were planted in pasteurised potting mix in seedling 

trays. The mix was made up of 1 part sand: 1 part peat: 1 part perlite. This mix was 

used successfully for ex vitro establishment of Blandfordia grandiflora (Johnson, 

1996a) and B. punicea plantlets (section 3.3.1.2.4). A total of 374 plantlets were 

transplanted. 
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Plantlets were grown in a greenhouse as described previously (section 3.2.1.2.4). 

They were checked one month after planting out, and any dead plants were counted 

and removed. This process was repeated 2 months later. 

Approximately 5 months after transplanting the surviving plants were repotted into 

small pots (7.5 cm diameter), 1 plant per pot, into Native Potting Mix (Appendix 

3.1). During transfer the number of roots, number of shoots and the length of the 

longest leaf were measured and recorded. The mean data for the number of roots, the 

number of shoots and the length of the longest leaf were analysed by ANOVA and, 

when relevant, Tukey's HSD tests. The relationship between the mean number of 

roots and the length of the longest leaf, the mean number of shoots and the length of 

the longest leaf and the mean number of roots and the mean number of shoots was 

investigated using the Pearson product-moment correlation coefficient. 

Approximately 12 months after plants had been repotted into small pots, they were 

checked and the following information was recorded: number of shoots, length of 

longest leaf and health (rated 1-5, as described above). The number of roots were not 

counted at this stage as they were too numerous to count accurately. The mean data 

for the number of shoots and length of longest leaf were again analysed by ANOVA 

and, when relevant, Tukey's HSD tests. 

3.2.2.2 Explant source: Whole flower buds and floral scape sections 

3.2.2.2.1 Disinfestation and Initiation 

Immature floral scapes were collected from D. tasmanica plants at Geeveston, 

Southern Tasmania, in late September. Two stems at different stages of development 

were collected from Lidgerwood Rd (labelled LR1 and LR2) (Fig. 3.1) and three 

were collected from Arve Rd (labelled AR1, AR2 and AR3); AR2 and AR3 were of 

similar size and development to the stems collected from Lidgerwood Rd, while AR1 

was smaller (Fig. 3.1). A single immature flowering stem was also collected from 

Lime Bay, on the Tasman Peninsula, south eastern Tasmania (labelled LB 1). 

The disinfestation procedure was the same as that used previously with Blandfordia 

punicea floral scapes (section 3.2.1.3.1), but the scapes were only placed in the 2% 
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Na0C1+ 0.01% Tween 20 solution for 20 min, rather than 30 min, as Dianella 

stems are quite slender and delicate compared to those of Blandfordia. 

Following disinfestation, the floral scapes were dissected into 2 explant types: whole 

flower buds (with a short piece of pedicel still attached) and floral scape sections 

(Plate 3.6). After separation to single explants, all explants were rinsed once more 

with SDW before being placed onto FBM or MS media under aseptic conditions. 

There was only enough material from some of the floral scapes to take floral scape 

sections, so this explant type was not included for all of the plants. The number of 

each explant type placed on MS and FBM in vitro is shown in Table 3.4. 

The explants were checked frequently for growth or any changes, and the number of 

explants that had grown shoots was recorded at approximately monthly intervals. 

After 5 months in vitro the percentage of floral explants that had regenerated shoots 

on MS and FBM was analysed using Pearson's Chi-Squared statistic and pairwise 

comparisons. 

Figure 3.1. Immature D. tasmanica floral scapes collected from Lidgerwood Rd and Arve Rd, 
Geeveston. Left to right: LR1, LR2, AR1, AR2 and AR3. Scape lengths were as 
follows: LR1 = 14.7cm, LR2 = 28.2cm, AR1 = 12.5cm, AR2 = 14.6cm, AR3 = 30cm. 
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Plate 3.6. Dianella tasmanica immature floral scape (left) showing where the floral 
scape section explants were removed from (a) and close up of the 
immature flower buds (right), showing the excision point for buds (b). 

Table 3.4. The number of D. tasmanica flower bud and floral scape section explants placed on MS 
and FBM. 

Explant ID and explant type MS FBM 

AR1  -  Flower buds 4 4 

AR1  -  Floral scape sections N/A N/A 

AR2 - Flower buds 5 5 

AR2  -  Floral scape sections 4 4 

AR3  -  Flower buds 6 6 

AR3  -  Floral scape sections N/A N/A 

LR1  -  Flower buds 5 5 

LR1  -  Floral scape sections N/A N/A 

LR2  -  Flower buds 9 11 

LR2  -  Floral scape sections 12 12 

LB1  -  Flower buds 12 12 

LB1  -  Floral scape sections 12 13 
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3.2.2.2.2 Multiplication 

After 7 months on the initiation media, large shoots developing from flower bud 

explants were excised from the buds and transferred to FBMM. The number of 

shoots transferred to the multiplication media is shown in Table 3.5. No shoots 

developed from the floral scape section explants. The flower bud explants that had 

not yet developed shoots remained on the initiation media. 

Approximately 4.5 months after shoots were transferred to the multiplication media, 

they were subcultured and the number of shoots produced by each original shoot was 

counted. From this information the mean number of shoots was determined. This 

data was analysed by ANOVA. Differences between the 5 original plants that 

explants were taken from, as well as the different developmental stages, were 

investigated. 

As rooting and transplanting had already been studied extensively for D. tasmanica 

(see sections 3.3.2.3.2 and 3.3.2.3.3), the current experiment did not extend beyond 

the multiplication stage. 

Table 3.5. The number of D. tasmanica shoots transferred to FB1■43.4. 

Explant ID and type No. of shoots on FBM1VI 

AR1 - Flower buds 2 

AR2 - Flower buds 4 

AR3 - Flower buds 5 

LR1 - Flower buds N/A 

LR2 - Flower buds 8 

LB1 - Flower buds 4 
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3.2.2.3 Explant source: Whole flower buds and floral scape 
sections (Experiment 2) 

This experiment also used flower bud and floral scape section explants, however, in 

order to determine whether specific regions of the inflorescence are more 

regenerative than others, every explant was labelled in regard to its position on the 

flower stem. 

3.2.2.3.1 Disinfestation and Initiation 

Immature floral scapes were collected from D. tasmanica plants from the Plant 

Science garden, University of Tasmania, Hobart, in late October. Two stems at 

different stages of development were collected and labelled "1" (smallest and most 

immature) and "2" (oldest and most mature). 

The disinfestation procedure was the same as that used previously with D. tasmanica 

floral scapes (see section 3.2.2.2.1). Following disinfestation, the floral scapes were 

dissected into 2 explant types: whole flower buds (with a short piece of pedicel still 

attached) and floral scape sections. After separation to single explants, all explants 

were rinsed once more with SDW before being placed onto FBM under aseptic 

conditions. The individual explants were also labelled in regard to their original 

position on the flower stem, starting with (1) being the youngest section, i.e. the tip 

of the flower stem. Therefore if an explant was labelled 1(1), it was from floral scape 

number 1, and was the tip of that stem. The number of each explant type placed on 

FBM in vitro is shown in Table 3.6. 

The explants were checked frequently for growth or any changes, and the number 

that had grown shoots was recorded at approximately monthly intervals. After 3 

months in vitro data in regard to the percentage of explants (from each original 

position on the floral scape) that had regenerated shoots was analysed for each scape 

using Pearson's Chi-Squared statistic and, when relevant, pairwise comparisons. 

Six months after explants were placed in vitro , the total (if only 1 explant was used) 

or the mean (if more than 1 explant was used) number of shoots produced by 

explants at each position on the original floral scape was determined. Due to low and 

variable explant numbers this data could not be analysed statistically. 
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Table 3.6. The number of D. tasmanica flower bud and floral scape section explants (from each 
position on the floral scape) placed on FBM. 

Explant ID Flower buds Floral scape sections 
Floral scape 1 50 (labelled 1 to 50) 

1(1) 6 
1(2) 1 
1(3) 3 
1(4) 4 
1(5) 4 
1(6) 6 
1(7) 7 
1(8) 5 
1(9) 10 

1(10) 7 
Floral scape 2 50 (labelled 1 to 50) 

2(1) 6 
2(2) 3 
2(3) 4 
2(4) 5 
2(5) 6 
2(6) 8 
2(7) 	, 9 
2(8) 10 
2(9) 22 

Total 126 100 
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3.2.2.4 Somatic Embryogenesis Experiment 
Somatic embryogenesis offers a more effective method for large scale propagation of 

embryogenic cells than conventional in vitro techniques (Johnson, 1997). Initial 

studies using this technology for three native monocots: Anigozanthos 

(Haemodoraceae), Blandfordia and Thysanotus (Liliaceae) have yielded promising 

results and as such it was thought worthwhile to determine whether this technology 

would be possible for in vitro propagation of D. tasmanica. 

Leaf segments (approximately 1.5 cm long) excised from D. tasmanica plantlets 

growing in vitro, were placed on MS medium supplemented with 2,4-D at 5, 10 and 

2011M concentrations. This medium had successfully induced the growth of 

embryogenic callus in 3 other native monocot species (Johnson, 1997). There were 6 

replicates of 20 leaf segments placed in petri dishes of each media used. Three 

replicates were placed in the light and three in the dark at 25°C, with a 16 hr 

photoperiod (dark treated leaf segments were placed in a sealed cardboard box to 

eliminate light), for callus development. After approximately 1 month on the media, 

leaf segments were checked for the presence of callus and observations were 

recorded. Approximately 3 weeks later a "seedling", which was possibly the result of 

a somatic embryo germinating, was removed from the callus-inducing media and 

transferred to a basal MS media to allow it to develop. As they developed, other 

"somatic seedlings" and shoots that regenerated from the callus were also transferred 

to basal MS media. 

Six months after the experiment began the mean number of leaf segments with callus 

for each treatment was analysed using ANOVA. 

After callus had formed on the remaining leaf segments and grown for some time to 

allow possible germination as noted above (7 months after cultures were initiated), it 

was divided into similar sized lumps and transferred to a medium containing MS + 

811M 2,4-D + 8pM BAP and incubated in the dark for 35 days. The number of lumps 

of callus from each original media treatment that were transferred to the new media is 

shown in Table 3.7. Following the dark treatment the embryogenic callus was 

transferred to a media containing MS + 21.1M BAP with 3% sucrose and 0.7% agar, 
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and incubated in the light, to induce germination of somatic embryos. This media 

was chosen as it had been used successfully for the germination of Thysanotus 

somatic embryos (Johnson, 1997). 

Table 3.7. The number of D. tasmanica lumps of callus transferred to MS + 8RM 2,4-D + 8RM 
BAP media from each original media treatment, 7 months after cultures were initiated. 

Original media and light/dark 
treatment 

Number of lumps of callus 
transferred to new media 

1. MS + 5RM 2,4-D (Light) 10 

2. MS + 51.iM 2,4-D (Dark) 5 

3. MS + 101AM 2,4-D (Light) 3 

4. MS + 1 ORM 2,4-D (Dark) 6 

5. MS + 20RM 2,4-D (Light) 3 

6. MS + 20RM 2,4-D (Dark) 4 

Total 31 

3.2.3 In vitro propagation of Dianella revoluta var. revoluta 

3.2.3.1 Explant source: Whole flower buds 
This experiment was aimed at determining whether flower bud explants from D. 

revoluta would behave in a similar manner to D. tasmanica flower bud explants. 

3.2.3.1.1 Disinfestation and Initiation 

Immature floral scapes were collected from D. revoluta plants at Howrah, Southern 

Tasmania, in early November. Two stems collected from 2 different plants (labelled 

"Howrah 1" and "Howrah 2") at similar stages of development were used. 

The disinfestation procedure was the same as that used previously with D. tasmanica 

floral scapes (see section 3.2.2.2.1). Following disinfestation, the immature, 

unopened flower buds were removed from the scape, leaving a short piece of pedicel 

still attached. After separation to single bud explants, all were rinsed once more in 

SDW, before being placed onto FBM under aseptic conditions. MS media was not 

used as this had been rather unsuccessful with both D. tasmanica and Blandfordia 
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punicea flower bud explants. A total of 43 flower bud explants were used; 17 from 

the Howrah 1 scape and 26 from the Howrah 2 scape. 

The explants were checked frequently for growth, contamination or any changes, and 

the number of explants that had grown shoots was recorded at approximately 

monthly intervals. 

3.2.4 In vitro propagation of Dianella intermedia 

3.2.4.1 Explant source: Whole flower buds and floral scape sections 
A similar experiment to D. tasmanica "Whole flower bud and floral scape sections 

(Experiment 2)", using the rarer D. intermedia (from Lord Howe Island and Norfolk 

Island) was performed to determine whether this species has a similar response to D. 

tasmanica. 

3.2.4.1.1 Disinfestation and Initiation 

An immature floral scape was collected from a D. intermedia plant (originally 

obtained from the MBG) in late November. 

The disinfestation procedure was the same as that used previously with D. tasmanica 

floral scapes (see section 3.2.2.2.1). Following disinfestation, the floral scapes were 

dissected into 2 explant types: whole flower buds (with a short piece of pedicel still 

attached) and floral scape sections. After separation to single explants, all explants 

were rinsed once more with SDW before being placed onto FBM under aseptic 

conditions. The individual explants were also labelled in regard to their original 

position on the flower stem, starting with "1" being the youngest section, i.e. the tip 

of the flower stem. The number of each explant type placed on FBM in vitro is 

shown in Table 3.8. 

The explants were checked frequently for growth or any changes, and the number of 

explants that had grown shoots was recorded at approximately monthly intervals. 
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Table 3.8. The number of D. intermedia flower bud and floral scape section explants (from each 
position on the original floral scape) placed on FBM. 

Explant ID Flower buds Floral scape sections 
1 6 60 (labelled 1 - 60) 
2 2 
3 2 
4 2 
5 3 
6 2 
7 2 
8 3 
9 2 
10 2 

Total 26 60 

3.2.5 In vitro propagation of Milligania densiflora 
Four different explant sources were used for in vitro propagation of Milligania 

densiflora, which has never been propagated before using these techniques. Root, 

shoot base, leaf base and whole flower buds were all tried. Seeds were also 

germinated in vitro, but this information has already been discussed in Chapter 2 

(Sections 2.2.2.3.2 and 2.2.2.3.3). 

3.2.5.1 Explant source: Root pieces 

3.2.5.1.1 Disinfestation 

Roots were removed from a M densiflora plant (collected from Mt Read, 

Tasmania), placed in a polycarbonate container (200 mL capacity), and the top was 

covered with gauze (attached with an elastic band). The container was then placed 

under running tap water for 30 min. The water was removed and replaced with a 2% 

Na0C1+ 0.01% Tween 20 solution. Roots remained in the bleach solution for 10 

min, with agitation on a rotary shaker, and were rinsed 3 times in SDW, using aseptic 

techniques. The roots were cut into segments, approximately 0.3-0.4 cm long, and 

placed in petri dishes or culture tubes of the media shown in Table 3.9. 
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Table 3.9. The number of M densiflora root explants grown on 5 different media treatments. 

Media Treatment No. of explants 

1. MS 20 (4 reps of 5) 

2. MS + 0.241.1.M 2,4-D 20 (4 reps of 5) 

3. MS + 2.411M 2iP 20 (4 reps of 5) 

4. MS + 0.24RM 2,4-D + 2.41.1,M 2iP 20 (4 reps of 5) 

5. NN media* 20 (10 reps of 2)** 

* = Narcissus initiation media (Appendix 3.2) 
** = 10 small (30 mL) culture tubes of media used. All other 

treatments were in petri dishes of media. 

3.2.5.2 Explant source: Shoot and leaf bases 

3.2.5.2.1 Disinfestation 

Shoot bases with the leaves cut off to a length of approximately 1.5 cm were placed 

in 200 mL polycarbonate containers, with the tops covered with gauze (attached with 

elastic bands), and left under running tap water for 1 hr. The water was removed, 

and explants were immersed in 2% Na0C1 + 0.01% Tween 20 for 45 min on a rotary 

shaker. Under aseptic conditions the Na0C1 was poured out of the containers and 

explants were rinsed 4 times with SDW. The leaves were dissected from the plant to 

expose the meristematic region, with the exception of the youngest leaf (in the centre 

of the plant) which was not removed, but cut to a shorter length (— 0.5 cm). The leaf 

bases from removed leaves were also cut to a length of 0.5 cm and used as explants. 

The explants were placed on 3 different media treatments (Table 3.10). 

Unfortunately, material was limited, so the number of explants used was quite low. 

Table 3.10. The number of M densiflora shoot and leaf base (shown in parentheses) explants 
grown on 3 different media treatments. 

Media Treatment Number of explants 

1. MS media 4 (10) 

2. NN media* 4 (10) 

3. NM media** 4 (10) 

*NN media = Narcissus initiation media (Appendix 3.2). 
**NM media = Narcissus multiplication media (Appendix 3.3). 
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3.2.5.3 Explant source: Whole flower buds 

3.2.5.3.1 Disinfestation 

Floral scapes with unopened flower buds were collected from a population of 

Milligania densiflora at Hartz Mountain, Southern Tasmania, in early January (Plate 

3.7). The buds were divided into the same 4 stages of development that B. punicea 

buds were allocated to, and as such labelled 1-4, with 1 being the most mature, oldest 

buds, 4 being the youngest, most immature buds, and stages 2 and 3 being 

intermediate. In this case there were no buds at stage 3, and the stage 2 buds were 

considered to be intermediate between stages 1 and 2 (labelled stage 1-2). Upon 

return to the laboratory the floral scapes were stored at 4°C until disinfestation the 

following day. 

Plate 3.7. Immature Milligania densiflora floral scapes at different stages of 
development, Hartz Mountain, Southern Tasmania. Scale bars = 4.5 cm. 

Floral scapes of M densiflora were disinfested using the same protocol for B. 

punicea (see section 3.2.1.2.1). Following disinfestation, individual flower buds with 

a small length (— 1 cm) of the pedicel were removed from the scape, rinsed again in 

SDW, and placed in 30 mL culture tubes containing approximately 10 mL of media. 

The pedicels were gently pushed into the media surface. The majority of explants 
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were placed on FBM, while some were placed on MS medium as a control treatment 

(Table 3.11). The explants were checked frequently for growth or any changes, and 

the number of explants that had grown shoots was recorded at approximately 

monthly intervals. 

Table 3.11. The number of M densiflora flower bud explants from each developmental stage 
placed on MS and FBM. 

Developmental 
stage 

No. of buds on 
FBM 

No. of buds on 
MS 

Total no. of 
buds 

1 31 8 39 

1-2 103 16 119 

4 59 19 78 

3.2.5.3.2 Multiplication 

When the flower bud explants had been on the initiation media (FBM) for 6 months, 

those that appeared to be developing shoots were transferred to FBMM, a 

multiplication media that has been used to successfully multiply shoots grown on 

flower bud explants of B. grandiflora (Bunn and Dixon, 1997). 

As all of the explants died on the multiplication media, this experiment did not 

proceed any further. 

3.2.5.4 Explant source: Seeds 
Seedlings were used to test multiplication media treatments. The surviving seedlings 

from the experiment described in Chapter 2 (section 2.3.1.3.3) were used. These 

seeds were collected from Mt Read, Tasmania. 

3.2.5.4.1 Disinfestation and initiation 

The disinfestation procedure for M densiflora seeds has already been described in 

Chapter 2 (Section 2.2.2.3.3). 
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3.2.5.4.2 Multiplication 

As only 66 seedlings had survived from the aforementioned experiment, only a small 

scale multiplication media experiment could be performed. Due to its successful use 

with the multiplication of D. tasmanica shoot explants, BAP at 4 different 

concentrations was used in this experiment (Table 3.12). A 1/2 MS media was used, 

as the seed germination experiment showed that seedlings survived better on this 

media than MS (See Chapter 2, section 2.3.1.3.3.3). 

Prior to placement on the multiplication media, each seedling had its roots removed 

as close to the base of the plant as possible, without causing any damage (under 

aseptic conditions). The seedlings were randomly placed in 30 mL tubes each 

containing approximately 10 mL of multiplication media, with one seedling per tube. 

After the seedlings had grown on the multiplication media for approximately 3 

months they were subcultured and the number of shoots produced by individual 

seedlings was counted. From this data the mean number of shoots produced by 

seedlings in each treatment was determined and analysed by ANOVA and Tukey's 

HSD tests. Some shoots from all treatments had died after 3 months growth on 

multiplication media. The percentage of shoots that died was analysed using 

Pearson's Chi-Squared statistic and pairwise comparisons. 

Table 3.12. The number of M densiflora seedlings grown on each multiplication media treatment. 

Media treatment Number of explants 

1. 1/2 MS (Control) 13 

2. 1/2 MS + 0.51./M BAP 13 

3. 1/2 MS + 8i_tM BAP 13 

4. 1/2 MS + 32f1M BAP 13 

5. 1/2 MS + 128i/M BAP 13 

3.2.5.4.3 Rooting 

Shoots from the multiplication media experiment were used for this experiment. 

There were 248 shoots that survived the multiplication stage. Prior to these shoots 

being placed on rooting media, they were grown on 1/2 MS + 1 gL -1 AC for 6 weeks. 
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The AC is thought to adsorb any PGRs that shoots had been exposed to previously 

(Mattson and Mark, 1971; Hartmann and Kester, 1983; Stewart, 1999b). 

Shoots from all initial treatments grew roots on the AC media, and therefore a 

rooting media experiment was not pursued. Instead, these plantlets were transplanted 

to ex vitro conditions after 8 weeks on the AC media. The data for percentage of 

shoots that grew roots on the AC media (from each original multiplication media 

treatment) was analysed using Pearson's Chi-Squared statistic and pairwise 

comparisons. 

3.2.5.4.4 Transplanting 

Due to the poor survival of unrooted transplants of D. tasmanica, only rooted 

plantlets of M densiflora were transplanted to ex vitro conditions. Plantlets were 

removed from culture tubes very carefully, media was washed off the roots in 

lukewarm water and they were planted in pasteurised potting mix in seedling trays. 

The mix was made up of 1 part sand: 1 part peat: 1 part perlite. This mix was used 

successfully for ex vitro establishment of Blandfordia grandiflora plantlets 

(Johnson, 1996a) and D. tasmanica plantlets (see section 3.3.2.3.3). A total of 194 

plantlets were transplanted. 

Plantlets were grown in a greenhouse as described previously (section 3.2.1.2.4). 

They were checked one month after planting out, and any dead plants were counted 

and removed. This process was repeated 2 months later. 
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3.3 Results 

3.3.1 In vitro propagation of Blandfordia punicea 

3.3.1.1 Explant source: Corm pieces 

3.3.1.1.1 Disinfestation 

Approximately 1 month after the corm pieces were disinfested and placed in vitro, all 

of the explants from corm 2 (6 explants) and 5 explants from corm 1 were covered by 

a fungal contaminant. Within 2 months of placement in vitro the rest (8) of the corm 

1 explants were also contaminated. Therefore, this experiment using corm pieces as 

initial explants did not go beyond the disinfestation stage. 

3.3.1.2 Explant source: Whole flower buds 

3.3.1.2.1 Disinfestation and Initiation 

The disinfestation procedure was very successful, with only 2 bud explants (or 1.5%) 

contaminated from the 134 that were placed in culture. This contamination was 

fungal and appeared within the first 2 weeks of culture. One of the contaminated 

explants was from stage 4 MS, and the other from stage 3 FBM. 

Approximately 1.5 months after placement in vitro, some of the B. punicea explants 

growing on FBM from stages 2 and 3 had adventitious shoots regenerating from the 

base of the bud (Table 3.13; Appendix 3.4). There was no regeneration from stage 1 

and 4 explants on MS or FBM (Table 3.13; Appendix 3.4). 

Table 3.13. The percentage of B. punicea whole flower bud explants, at 4 different developmental 
stages, that had regenerated shoots 1.5 months after placement on MS and FBM. 

Developmental 
stage 

Percentage of explants that had regenerated shoots 
(%) 

MS FBM 

1 0 0 

2 0 20 

3 0 4.2 

4 0 0 
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Three and a half months after the B. punicea flower bud explants were placed in 

vitro shoots had regenerated from buds at all stages of development on FBM (Table 

3.14) (Plate 3.8). Approximately 50% of buds at stages 2, 3 and 4 had regenerated 

shoots, while only 14.8% of the older stage 1 buds had. There was still no 

regeneration of shoots from any of the buds growing on MS media, and all of the 

stage 3 and 4 buds on this media were dead (Table 3.14). 

Table 3.14. The percentage of B. punicea whole flower bud explants, at 4 different developmental 
stages, that had regenerated shoots 3.5 months after placement on MS and FBM. 

Developmental 
stage 

Percentage of explants that had regenerated shoots 
(%) 

MS FBM 

1 0 14.8 

2 0 53.3 

3 0 (all dead) 46.8 

4 0 (all dead) 50.0 

One month later (4.5 months after cultures were initiated) the number of explants that 

had regenerated shoots had increased for all flower bud stages growing on FBM, with 

the exception of stage 1 (Table 3.15). Stages 2 and 3 appeared to be the most 

regenerative, with quite high percentages of explants developing shoots (Table 3.15). 

On MS media, 20% of stage 2 bud explants had begun to regenerate shoots, but stage 

1 buds still had not regenerated any structures. 
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Plate 3.8. Shoots regenerating from Blandfordia punicea flower bud explants 
growing on FBM. Tube diameter = 6.5 cm. 

Table 3.15. The percentage of B. punicea whole flower bud explants, at 4 different developmental 
stages, that had regenerated shoots 4.5 months after placement on MS and FBM. 
* 1 explant (without shoots) had died. 

Developmental 
stage 

Percentage of explants that had regenerated shoots 
(%) 

MS FBM 

1 0 14.8 

2 20 73.3* 

3 N/A 66.0 

4 N/A 57.1 

After 5.5 months on the initiation media all results were the same as the previous 

month except for stage 1 buds growing on FBM - more of these explants had now 

regenerated shoots but the percentage was still quite low compared to the other 

developmental stages (Table 3.16). All of the stage 1 buds growing on MS had now 

died (Table 3.16). 
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Pearson's Chi-squared test showed that there were no significant differences in 

regard to the percentage of explants that regenerated shoots at each developmental 

stage on FBM (x2= 7.5, p = 0.06). However, results on FBM were significantly 

higher than those on MS for all stages of development (p < 0.05). 

Table 3.16. The percentage of B. punicea whole flower bud explants, at 4 different developmental 
stages, that had regenerated shoots 5.5 months after placement on MS and FBM. * 1 
explant (without shoots) was covered with callus, and another had died. 

Developmental 
stage 

Percentage of explants that had regenerated shoots 
(%) 

MS Media FBM Media 

1 0 (all dead) 37.0* 

2 20 73.3 

3 N/A 66.0 

4 N/A 57.1 

3.3.1.2.2 Multiplication 

At the time of transfer to the multiplication media the one-way ANOVA showed that 

there were significant differences between the mean number of shoots on flower buds 

at different stages of development (Table 3.17). The mean number of shoots 

produced by explants was the highest for flower buds at stage 3 of development, with 

13.2 shoots/explant (Fig. 3.2). Up to 20 shoots developed from each explant. Stage 

1 explants also had quite a high number of shoots developing from each explant, but 

the mean number of shoots developed by stage 4 explants (5.13) was significantly 

lower than stages 1 and 3 (Fig. 3.2; Table 3.18). Shoots from stage 2 buds were not 

transferred to multiplication media as they did not appear to be very healthy. 

Table 3.17. One-Way Analysis of Variance for mean number of shoots produced by B. punicea 
flower bud explants at different stages of development. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Stages 412.768 2 206.384 20.591 0.000 

B: Within Stages 461.069 46 10.023 

TOTAL 873.837 48 
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Table 3.18. Tukey's HSD test groupings of mean number of shoots produced by B. punicea 
flower bud developmental stages at the time of transfer to multiplication media 
(Method: 95.0 percent HSD). Values followed by the same letter are not significantly 
different (p = 0.05). 

Developmental stage Mean 

1. Stage 1 11.00 b 

2. Stage 3 13.16b 

3. Stage 4 5.13 a 

Figure 3.2. The mean number of shoots produced by B. punicea flower bud explants, at 3 different 
stages of development, at the time of transfer to FBMIM. 
FB  =  Flower bud. Stage 2 explants were not included as shoots were unhealthy, and 
they were not transferred to multiplication media. 

When the shoots had been growing on the multiplication media for approximately 3 

months (9 months after explants were initially placed in vitro ), the mean number of 

shoots produced by all flower bud explants had decreased compared to the initial 

number of shoots explants produced (Fig. 3.3). The initial stage of bud development 

appeared to influence the subsequent multiplication rate as those that produced the 

highest number of shoots previously (stage 3) also produced the highest mean shoot 

number on FBMM (Fig. 3.3). Shoots originally growing on stage 4 explants again 
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had the lowest number of shoots, however, in this case the stage 1 explants were also 

reduced to a similar value (Fig. 3.3). The ANOVA showed that there were 

significant differences between the mean number of shoots produced  by  flower bud 

explants at different developmental stages (Table 3.19). Flower buds at stage 3, 

produced significantly more shoots than stage 1 and 4 buds did (Table 3.20). 

Figure 3.3. The mean number of new shoots produced by B. punicea shoots originally from flower 
bud explants, at 3 different stages of development, after 3 months on FBMM. 
FB = Flower bud. 

Table 3.19. Two-way Analysis of Variance for mean number of new shoots produced by B. 
punicea shoots (originally from flower bud explants at different stages of 
development), after 3 months on FBMNI. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

MAIN EFFECTS 
A: Developmental Stage 1529.382 2 764.691 107.358 0.00 

B: Replicate 611.007 1 611.007 85.782 0.00 

RESIDUAL 3582.781 503 7.123 

TOTAL (CORRECTED) 5132.667 506 
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Table 3.20. Tukey's HSD test groupings of B. punicea flower bud developmental stages after 3 
months on FBMM (Method: 95.0 percent HSD). Values followed by the same letter 
are not significantly different (p = 0.05). 

Developmental stage Mean 

1. Stage 1 1.57 a 

2. Stage 3 4.68b 

3. Stage 4 1.42a 

The multiplication rate achieved by stage 3 flower bud explants in the 9 months they 

were grown in vitro was much higher than those achieved by stage 1 and 4 buds 

(Table 3.21). This shows how highly regenerative buds were at this stage of 

development. 

Table 3.21. The original number of explants, the final number of shoots produced and the 
multiplication rate achieved by B. punicea flower bud explants after approximately 9 
months in vitro. The original number of explants only includes those on FBM not MS, 
as explants on MS were not used for multiplication purposes. Stage 2 explants are not 
included as they were not transferred to multiplication media. 

Explant type Developmental 
stage 

Original 
number of 
explants 

Final 
number of 

shoots 

Multiplication 
rate (X) 

Whole flower buds 1 27 149 5.5 

3 48 1783 37.1 

4 14 44 3.1 

3.3.1.2.3 Rooting 

B. punicea shoots growing on FBMM, the multiplication media (Plate 3.9a), grew 

roots on this media as well as shoots, therefore a separate rooting media was not 

necessary. After shoots had been growing on the multiplication media for 

approximately 4 months (following subculturing), 93% of shoots had developed 

roots, which were up to 5.5 cm long in some cases (Plate 3.9b). 
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Plate 3.9. Blandfordia punicea shoots growing on FBMM, following subculturing 
(a) and after 4 months on the media (b). Note the development of long 
roots (b). Tube diameters = 6.5 cm. 

3.3.1.2.4 Transplanting 

Three hundred B. punicea rooted plantlets were transplanted to ex vitro  conditions. 

The transplanting procedure was successful, with 100% of plantlets surviving one 

month later. 

A further two months later (3 months after transplanting), 86% of plants were still 

alive. The 14% that died were rotten, most likely due to fungal attack from over-

watering. 

3.3.1.3 Explant source: Whole flower buds, floral scape sections 
and pedicel/peduncle junctions 

3.3.1.3.1 Disinfestation and Initiation 

The disinfestation procedure was very successful with all explants free of 

contaminating organisms 1 month after placement in vitro. At the same time, 

explants from all types had begun to regenerate bulbous structures, which were 

possibly the start of shoot development (Table 3.22; Appendix 3.5). There was no 

regeneration from bud explants at stages 3, 4 and 5 (Table 3.22; Appendix 3.5). 

Pedicel/peduncle explants initially appeared to be the most regenerative explants 
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with 100% beginning to develop bulbous structures. Floral scape sections also 

appeared to be highly regenerative explants, with 60% showing regeneration. 

Table 3.22. The percentage of B. punicea floral explants that had (possibly) started to regenerate 
shoots 1 month after cultures were initiated. 

Explant type Developmental 
stage 

Percentage that had 
started to regenerate 

structures (%) 

Whole flower buds 1 40 

2 28.6 

3 0 

4 0 

5 0 

Floral scape sections N/A 60 

Pedicel/peduncle N/A • 100 

As quite a few changes had taken place in the explants the next observations were 

recorded 17 days later (approximately 1.5 months after explants were disinfested and 

placed in vitro ). At this time more of the flower bud explants had begun to develop 

shoots, however there was still no regeneration from any explants at stages 4 and 5 of 

development (Table 3.23; Appendix 3.6). One of the stage 1 bud explants had 

formed a green capsule (Appendix 3.6). Stage 2 appeared to be the most regenerative 

stage for flower bud explants, with 71.4% of explants developing shoots. The 

pedicel/peduncle explants, with 100% of explants having large shoots, was the most 

regenerative of all floral explant types, while floral scape section explants also 

performed very well, with 91% of explants also having large shoots at this stage 

(Table 3.23) (Plate 3.10). 
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Table 3.23. The percentage of B. punicea floral explants that had regenerated shoots 1.5 months 
after cultures were initiated. 

Explant type Developmental 
stage 

Percentage that had 
regenerated shoots ( 1)/0) 

Whole flower buds 1 40 

' _ 71.4 

3 33.3 

4 0 

5 0 

Floral scape sections N/A 91 

Pedicel/peduncle N/A 100 

Plate 3.10. Shoots regenerating from a floral scape section explant of Blandfordia 
punicea. Scale bar = 0.4 cm. 

The mean number of shoots was the highest for floral scape section explants, and was 

still quite high for pedicel/peduncle explants (Fig. 3.4). However, shoots on the 

flower bud explants took longer to grow, and were too small and underdeveloped to 

be able to count at this stage (Fig. 3.4). 

205 



Chapter 3. In vitro propagation of Liliaceae species 

Figure 3.4. The mean number of shoots per explant for three different floral explant types of B. 
punicea approximately 1.5 months after placement in vitro. Shoots on flower bud 
explants had not developed enough to be counted at this stage and were classed as zero. 

A further 2 months later (approximately 3.5 months after explants were placed in 

vitro), more flower bud explants had developed shoots from stage 1 buds, while stage 

4 and 5 buds had just started to develop shoots (Table 3.24; Appendix 3.7). All of 

the pedicel/peduncle explants already had shoots at the previous recording date, and 

after losses due to contamination, 100% of the remaining floral scape sections also 

had shoots (Table 3.24; Appendix 3.7). Both of these explant types now had shoots 

that were large enough to transfer to multiplication media. However, the shoots 

developing on flower bud explants were still quite small and had to remain on FBM 

for longer. 

Table 3.24. The percentage of B. punicea floral explants that had regenerated shoots approximately 
3.5 months after cultures were initiated. 

Explant type Developmental 
stage 

Percentage that had 
regenerated shoots (/0) 

Whole flower buds 1 80 
85.7 

3 66.7 
4 55.6 
5 40 

Floral scape sections N/A 100 
Pedicel/peduncle N/A 100 
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The mean number of shoots per explant had increased at this time for the 

pedicel/peduncle and floral scape sections, but was still higher for the floral scape 

sections (Fig. 3.5). The shoots on flower bud explants were still too small to count. 

The one-way ANOVA showed that there were significant differences between the 

mean number of shoots produced by the different floral explant types (Table 3.25). 

All explant types produced significantly different mean shoot numbers to each other 

(Table 3.26). Floral scape section explants produced significantly higher numbers of 

shoots than both flower bud and pedicel/peduncle explants (Table 3.26). While 

pedicel/peduncle explants produced significantly more shoots than flower bud 

explants (Table 3.26). 

Figure 3.5. The mean number of shoots per explant for three different floral explant types of B. 
punicea approximately 3.5 months after placement in vitro. Shoots on flower bud 
explants had not developed enough to be counted at this stage and were classed as zero. 
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Table 3.25. One-way Analysis of Variance for mean number of shoots produced by B. punicea 
floral explants (flower buds, pedicel/peduncles and floral scape sections) after 3.5 
months in vitro. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Types 4458.662 2 2229.331 77.612 0.00 

B: Within Types 1378.750 48 28.724 

TOTAL 5837.412 50 

Table 3.26. Tukey's HSD test groupings of B. punicea floral explants after 3.5 months in vitro 
(Method: 95.0 percent HSD). Values followed by the same letter are not significantly 
different (p = 0.05). 

Explant type Mean 

1. Flower buds 0.00 a 

2. Pedicel/peduncles 9.75 b 

3. Floral scape sections 20.00 c 

A further 1.5 months later (5 months after placement in vitro) observations of the 

flower bud explants that were still on the FBM initiation media were again recorded 

(Plate 3.11). At this time, 100% of explants had grown shoots on stage 1 and 2 buds, 

there was no change to the numbers of stage 3 and 4 buds with shoots, and stage 5 

had increased to 60% of explants having buds (Table 3.27; Appendix 3.8). Callus 

had also formed on a number of bud explants from all developmental stages 

(Appendix 3.8). At the time of transfer to multiplication media, Pearson's Chi-

squared statistic showed that there were significant differences in regard to the 

percentage of explants that regenerated shoots at different developmental stages and 

on different explant types (Chi-squared = 16.8, p = 0.01). Floral scape sections 

produced significantly more shoots than stage 3, 4 and 5 flower buds (Table 3.28). 

The only significant difference between the percentage of explants that regenerated 

shoots for different flower bud developmental stages was between stage 2 and stage 4 

buds (Table 3.28). 
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Plate 3.11. Shoot (a) growing from a Blandfordia punicea flower bud (b) explant 
after approximately 5 months in vitro. 

Table 3.27. The percentage of B. punicea flower bud explants that had regenerated shoots 
approximately 5 months after cultures were initiated. Pedicel/peduricle and floral scape 
section explants had already been transferred to multiplication media. 

Explant type Developmental 
stage 

Percentage that had 
regenerated shoots CYO 

Whole flower buds 1 100 

2 100 

3 66.7 

4 55.6 

5 60 
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Table 3.28. p-values for pairwise comparisons of percentage of B. punicea floral explants that 
regenerated shoots on FBM (at the time of transfer to multiplication media), using 
Chi-Squared tests. Significant values (p <0.05) are highlighted. FB = Flower bud, 
PP = Pedicel/peduncle, FSS = Floral scape section, S = stage. 

p-values 

Explant type FB S2 FB S3 FB S4 FB S5 PP FSS 

FB Si 1.00 0.06 0.08 0.11 1.00 1.00 

FB S2 0.11 0.06 1.00 1.00 

FB S3 0.71 0.89 0.19 

FB S4 0.92 0.12 

FB S5 0.15 

PP 1.00 

3.3.1.3.2 Multiplication 

Shoots growing from floral scape section and pedicel/peduncle explants were 

transferred to the multiplication media (FBMM) approximately 4 months after the 

explants were placed in vitro. The flower bud explants took longer for shoots to 

develop to the same size, and as such the shoots from this explant type were not 

transferred to the multiplication media until 1.5 months later (5.5 months after 

explants were placed in vitro). 

At the time of transfer to multiplication media the mean number of shoots per explant 

was still highest for the floral scape sections, but only slightly higher than the 

pedicel/peduncles (Fig. 3.6). A one-way ANOVA showed that there were significant 

differences between floral explant types in regard to the mean number of shoots 

produced (Table 3.29). The mean number of shoots produced by flower bud explants 

as a whole was significantly lower than those produced by the other floral explants 

(Table 3.30). It should be noted that the mean number of shoots for the floral scape 

section explants has decreased from the value at the previous recording date, as 

shoots were transferred as clumps rather than individual shoots. 
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Figure 3.6. The mean number of shoots produced by different floral explants from B. punicea at the 
time of transfer to multiplication media. Flower bud (FB) explants were transferred to 
multiplication media 1.5 months after the other explant types. 

Table 3.29. One-way Analysis of Variance for mean number of shoots produced by B. punicea 
floral explants (flower buds, pedicel/peduncles and floral scape sections) at the time 
of transfer to multiplication media. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Types 688.449 2 344.224 25.477 0.00 

B: Within Types 567.463 42 13.511 

TOTAL 1255.911 44 

Table 3.30. Tukey's HSD test groupings of B. punicea floral explants at the time of transfer to 
multiplication media (Method: 95.0 percent HSD). Values followed by the same letter 
are not significantly different (p = 0.05). 

Explant type Mean 

1. Flower buds 4.26 a 

2. Pedicel/peduncles 10.25 b 

3. Floral scape sections 12.39 b 

211 



El FB  stage  1 

• 
• 
• 
• 
•

FB  stage  2 

FB  stage  3 

FB  stage  4 

FB  stage  5 

Flower bud total 

▪ Floral  scape section 

El Pedicel/peduncle 

Explant type 

               

               

              

              

4 — 

     

• 

     

         

            

         

          

            

    

11111111 

       

               

               

Mean no. 
of new 
shoots 

Chapter 3. In vitro propagation of Liliaceae species 

Stage 1 appeared to be the best stage of flower bud development for regeneration of 

shoots, and there was a general trend of decreasing mean shoot number as flower 

buds decreased in age and size, with the exception of stage 3 buds, which produced a 

slightly higher mean shoot number than stage 2 buds (Fig. 3.6). However, a one-way 

ANOVA showed that there were no significant differences between the mean number 

of shoots produced by different stages of flower bud development. 

After the shoots had grown on the multiplication media for approximately 3 months 

the mean number of shoots produced by each original shoot was quite similar (Fig. 

3.7). Therefore, the initial explant type that shoots originated from does not appear 

to influence the subsequent multiplication rate. However, for flower bud explants the 

mean number of shoots per original shoot was very similar on multiplication media 

to what it had been on initiation media. Flower buds at stage 1 of development 

produced the highest mean number of shoots, while pedicel/peduncle explants had 

the lowest (Fig. 3.7). 

Figure 3.7. The mean number of new shoots produced by shoots originating from different floral 
explants from B. punicea, after approximately 3 months on the multiplication media. 
FB = Flower bud. 
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A one-way ANOVA showed that there were significant differences between the 

mean number of shoots produced by different floral explant types (Table 3.31). 

Pedicel/peduncle explants produced significantly less shoots than flower bud and 

floral scape section explants (Table 3.32). A one-way ANOVA also showed that 

there were significant differences between the mean number of new shoots produced 

by flower bud explants at different developmental stages (Table 3.33). However, 

Tukey's HSD test grouped all developmental stages within the same group. 

Table 3.31. One-way Analysis of Variance for mean number of shoots produced by B. punicea 
floral explants (flower buds, pedicel/peduncles and floral scape sections) after 3 
months on multiplication media (FBMM). 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Types 12.130 2 6.065 13.009 0.00 

B: Within Types 161.309 346 0.466 

TOTAL 173.438 348 

Table 3.32. Tukey's HSD test groupings of B. punicea floral explants after 3 months on 
multiplication media (Method: 95.0 percent HSD). Values followed by the same letter 
are not significantly different (p = 0.05). 

Explant type Mean 

1. Flower buds 4.16b 

2. Fedicel/peduncles 3.54 a 

3. Floral scape sections 4.09 b 

Table 3.33. One-way Analysis of Variance for mean number of shoots produced by B. punicea 
flower bud explants at different developmental stages after 3 months on 
multiplication media (FBMM). 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Stages 13.908 4 3.477 4.466 0.003 

B: Within Stages 63.839 82 0.779 

TOTAL 77.747 86 
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The large multiplication rates achieved by the pedicel/peduncle and floral stem 

section explants in 7 months suggest that these tissues are highly regenerative (Table 

3.34). Although the multiplication rates were similar once shoots were placed on the 

multiplication media, the initial shoot numbers that developed on the floral stem 

sections meant that these explants achieved much higher shoot numbers by the end of 

the experiment than the other explant types (Table 3.34). The multiplication rate of 

the pedicel/peduncle explants suggest that had more explants been available, similar 

numbers would have been achieved. Flower buds as a whole did not respond as well 

as the other explants; floral scape sections produced 2.5 times the number of shoots 

that flower buds did from slightly less explants (Table 3.34). 

Table 3.34. The original number of explants, the final number of shoots produced and the 
multiplication rate achieved by B. punicea floral explants after approximately 7 
months in vitro. 

Explant type Developmental 
stage 

Original 
number of 
explants 

Final 
number 
of shoots 

Multiplication 
rate (X) 

Whole flower buds 1 5 112 22.4 

2 7 84 12 

3 3 46 15.3 

4 9 95 10.6 

5 5 25 5.0 

Total 29 362 12.5 

Floral scape sections N/A 25 903 36.1 

Pedicel/peduncle N/A 4 145 36.3 
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3.3.2 In vitro propagation of Dianella tasmanica 

3.3.2.1 Explant source: Rhizome pieces (Experiment 1) 

3.3.2.1.1 Disinfestation and initiation 

The disinfestation procedure for rhizome pieces worked quite well, however 20 of 

the 75 explants (27%) were contaminated after 3 weeks. 

The Dianella tasmanica rhizome explants grew well on the basal MS medium 

indicating that in vitro propagation was possible. The majority of explants produced 

one shoot (Plate 3.12), while a small number of explants produced two shoots (Plate 

3.13). 

Plate 3.12. The development of a Dianella tasmanica shoot (from a bud) on a 
rhizome explant on MS medium. The swollen bud after 4 days in vitro 
(a) (scale bar = 0.1 cm); the shoot has broken through the bud and the 
first leaf is beginning to unfold (b) after 6 days in vitro (scale bar = 0.2 
cm); the shoot has grown to a length of approximately 1.5 cm (c), after 10 
days in vitro (scale bar = 0.4 cm); the first leaf has developed fully and 
the second and third leaves are still growing (d) after 16 days in vitro 
(scale bar = 0.4 cm). 
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Plate 3.13. The development of two shoots on a Dianella tasmanica rhizome 
explant on MS medium. The start of shoot development after 5 days in 
vitro (a); and the same explant 6 days later (b). Also note the 
development of a root after 11 days in vitro (marked with an arrow). 
Scale bars = 0.3 cm. 

3.3.2.2 Explant source: Intact rhizome pieces (Experiment 2) 

3.3.2.2.1 Disinfestation and initiation 

After 1 week growing on MS media, 20 of the 91 explants (22%) were contaminated 

to various degrees and therefore discarded. 

3.3.2.2.2 Multiplication 

When using intact rhizome explants, all BAP treatments produced an average 

number of shoots that was greater than the control (Fig. 3.8). However, a one-way 

ANOVA showed that there were no significant differences between treatments 

(p>0.05). Of all the concentrations tested, the mean number of shoots was greatest 

with 321.IM BAP (approx. 2.5 times higher than the control). Interestingly, explants 

growing on MS + 81AM or MS + 128IAM BAP produced a lower mean number of 

shoots than those growing on the lowest concentration of BAP, and the MS + 811M 

BAP treatment was only slightly better than the control (Fig. 3.8). 

Even after the explants in this experiment remained on MS media for 1 week to 

screen for contamination, there were still major problems with contamination and 

death of explants. By the time they were subcultured for the first time, the majority 
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of explants in all treatments were contaminated or dead (Table 3.35). The best 

treatments in terms of survival of explants were also those that produced the most 

shoots, MS + 0.5IAM and MS + 32uM BAP (Table 3.35; Fig. 3.8); while the worst 

treatments, MS + 81AM and MS + 128uM BAP, also had the lowest mean number of 

new shoots of all the BAP treatments (Table 3.35; Fig. 3.8). 

Figure 3.8. The effect of different concentrations of BAP on the mean number of new shoots 
produced by D. tasmanica intact rhizome explants grown in vitro for 4.5 months. 

Table 3.35. The number of D. tasmanica explants in each treatment (from a total of 14) that had 
survived, or were dead or contaminated, at the time explants were subcultured 
(approximately 4 months after explants were placed on the multiplication media). 

Treatment No. of 
surviving 
explants 

No. of 
contaminated 

explants 

No. of dead 
explants 

1. MS (Control) 4 6 4 

2. MS + 0.5gM BAP 6 5 3 

3. MS + 81.tM BAP 2 8 4 

4. MS + 321.1M BAP 6 5 3 

5. MS +1281./M BAP 3 5 6 
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After shoots growing from the intact rhizome pieces were subcultured for the second 

time, the mean number of new shoots per original shoot had increased for all 

treatments except for those growing on the lowest BAP concentration (0.511M), 

which had decreased to just below the value of the control treatment (Fig. 3.9). A 

two-way ANOVA showed that there were significant differences between treatment 

means in terms of the number of new shoots produced (Table 3.36). The greatest 

mean number of shoots was still found in the MS + 321.1M BAP treatment, which had 

now increased to more than 3.5 times the number of new shoots produced by the 

control treatment (Fig. 3.9). This treatment produced significantly more shoots than 

all other treatments with the exception of MS + 12812M BAP (Table 3.37). Although 

the mean number of new shoots was quite high for shoots growing on the highest 

concentration of BAP (12811M), many of the shoots on this treatment had a vitrified 

appearance, and callus was observed on approximately 20% of explants. 

Figure 3.9. The effect of different concentrations of BAP on the mean number of new shoots 
produced by D. tasmanica shoots (originally from intact rhizome explants) 
approximately 1.5 months after the second subculture. 
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• Table 3.36. Two-way Analysis of Variance for mean number of new shoots produced by D. 
tasmanica shoots (originally from intact rhizome explants) approximately 1.5 months 
after the second subculture. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

MAIN EFFECTS • 
A: Treatment 1063.664 4 265.916 36.028 0.000 

B: Replicate 8.756 1 8.756 1.186 0.280 

RESIDUAL 531.415 72 7.381 

TOTAL (CORRECTED) 1650.462 77 

Table 3.37. Tukey's HSD test groupings of D. tasmanica multiplication media treatments 
(Method: 95.0 percent HSD). Values followed by the same letter are not significantly 
different (p = 0.05). 

Treatment Mean 
1. MS 3.11 a 

2. MS + 0.5gM BAP 2.90 a 

3. MS + 81.,,M BAP 6.00 a 

4. MS + 3204 BAP 11.06b 

5. MS +128gM BAP 10.20b 

The highest mean shoot length (3.19 cm), and the most rapid growth rate was 

attained by plants from the MS + 0.51AM BAP treatment (Fig. 3.10). Shoots growing 

on MS + 321AM BAP reached a similar length (3.01 cm), but their growth rate was 

slower. The slowest growth rate and the shortest shoots (0.84 cm) grew on MS + 

811M BAP media, while shoots on MS + 128gM BAP had a similar slow growth rate 

initially, but increased quite rapidly between 32 and 45 days on the multiplication 

media, to reach a final length of 1.88 cm (Fig. 3.10). A one-way ANOVA showed 

that there were no significant differences between treatments in regard to mean shoot 

length (p>0.05). 
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Figure 3.10. Mean shoot length (cm) for D. tasmanica intact rhizome explants  from  8 to 45 days 
after transfer to multiplication media. 

3.3.2.3 Explant source: Subcultured shoots (Experiment 3) 

3.3.2.3.1 Multiplication 

A one-way ANOVA showed that there were significant differences between 

treatments in regard to the mean number of new shoots produced (Table 3.38). The 

highest number of new shoots was produced by subcultured shoots gown on the MS 

+ 81.1.M BAP treatment (9 times higher than the control) (Fig. 3.11) (Plate 3.14). The 

mean number of new shoots produced by shoots growing on this treatment was 

significantly different to all other treatment means (Table 3.39). The shoots treated 

with 0.51AM BAP or 1281AM BAP produced similar mean numbers of new shoots 

(approximately half that of the best treatment), but still 4 times higher than the 

control (n.$) (Fig. 3.11). As observed in experiment 2, the highest tested 

concentration of BAP (12811M) did not produce the greatest shoot proliferation. 
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Table 3.38. One -way Analysis of Variance for mean number of new shoots produced by D. 
tasmanica subcultured shoots after 3 months on multiplication media. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Treatments 168.267 3 56.089 12.177 0.001 

B: Within Treatments 50.667 11 4.606 

TOTAL 218.933 14 

Table 3.39. Tukey's HSD test groupings of D. tasmanica multiplication media treatments 
(subcultured shoots) (Method: 95.0 percent HSD). Values followed by the same letter 
are not significantly different (p = 0.05). 

Treatment Mean 

1. MS 1.20 a 

2. MS + 0.51.tM BAP 5.00 a 

3. MS + 81-tM BAP 10.67 b 

4. MS + 12811M BAP 4.60 a 

Figure 3.11. The effect of different concentrations of BAP on the mean number of new shoots 
produced by D. tasmanica subcultured shoots grown in vitro for 3 months. 
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Plate 3.14. Dianella tasmanica shoots growing on MS + 8pM BAP. Shoots had 
been subcultured 2 weeks previously. 
Tube diameter = 6.5 cm. 

Comparing results from experiments 2 and 3, a major difference occurred between 

the 0.5pM, 8uM and 128RM BAP treatments, where subcultured shoots produced a 

greater number of new shoots than intact explants (NB. intact explants at the time of 

the first subculture; Fig. 3.8.) (1.4-fold, 4.3-fold and 1.4-fold increase, respectively). 

The opposite occurred for the MS treatment, with nearly twice as many shoots 

produced by intact rhizome explants, compared to the subcultured shoots. 

Unfortunately, there were not enough explants in experiment 3 to include the MS + 

32uM BAP treatment, so this could not be compared. 

3.3.2.3.2 Rooting 

Shoots obtained from the above experiments were used for this experiment. 

3.3.2.3.2.1 Number of shoots that produced roots in each treatment 

A two-way ANOVA showed that there were significant differences between 

treatments in respect to the mean number of shoots that produced roots (Table 3.40). 
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Table 3.40. Two-way Analysis of Variance for mean number of D. tasmanica shoots that 
produced roots on 14 different rooting media treatments. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

MAIN EFFECTS 
A: Treatment 718.929 13 55.302 7.537 0.000 

B: Replicate 41.657 1 41.657 5.677 0.022 

RESIDUAL 300.843 41 7.338 

TOTAL (CORRECTED) 1061.429 55 

The mean number of shoots that produced roots was extremely high for two 

treatments, MS + 21AM NAA and MS + 32)AM IBA, where nearly all of the shoots had 

produced roots (Fig. 3.12). The mean number of shoots that produced roots in these 

two treatments was significantly higher than many of the other treatments, including 

the control (Table 3.41). Other treatments that produced a high mean number of 

shoots with roots were: MS + 81.IM NAA, MS + 321./M IAA and MS + 81.IM IBA. 

The mean number was very similar for all three of these treatments (Fig. 3.12). The 

majority of treatments produced a higher mean number of shoots with roots than the 

control. However, five treatments produced lower values than the control - MS + 

0.51.1M IBA, MS + 211M IAA, MS + 32gM NAA, MS + 811M IAA and MS + 

IBA, the last of which had the lowest mean number of shoots with roots of all 

treatments (7.0). The mean number of shoots that produced roots in the latter 

treatment was significantly different to the mean number of shoots with roots for 

more than half of the other treatments, but not significantly different to the control 

(Table 3.41). MS + AC, the only treatment that didn't contain any auxin (apart from 

the control) produced a greater mean number of shoots with roots than the control 

(Fig. 3.12; n.$). 

When the same concentrations of the three different auxins are compared, at 

concentrations of 0.51AM, NAA produced the highest mean number of shoots with 

roots (15.0). However, this was only slightly higher than IAA (Fig. 3.12; n.$). At 

21AM concentrations, NAA again produced the highest mean number. The other two 

auxins produced significantly lower results (Fig. 3.12; Table 3.41). At 81.tM 

concentrations, NAA again produced the highest mean number, however, this was 

223 



Chapter 3. In vitro propagation of Liliaceae species 

only slightly higher than the result for IBA (n.$) (Fig. 3.12). At the highest auxin 

concentration used (3211M) results were reversed, with NAA producing the lowest 

mean number for the three different auxins. IBA produced the highest mean number 

(significantly higher than NAA) while IAA was also quite high (also significantly 

higher than NAA) (Fig. 3.12). 

No general trends of increasing or decreasing root production with auxin 

concentration were observed for any of the three auxins tested. The low to mid range 

concentrations (2i1M and 811M) produced the best results for NAA; the lowest and 

highest concentrations (0.51AM and 324M) produced the best results for IAA; while 

for IBA the best results occurred at the mid to highest concentrations (81.IM and 

3211M). 
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Figure 3.12. Mean number of D. tasmanica shoots with roots (out of a total of 20) for each rooting 
media treatment. AC = Activated charcoal. 
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Table 3.41. Tukey's HSD test groupings of D. tasmanica rooting media treatments in regard to 
the mean number of shoots that grew roots (Method: 95.0 percent HSD). Values 
followed by the same letter are not significantly different (p = 0.05). 

Treatment Mean 

1. MS 11.50 ab 
2. MS + AC 14.25 be 

3. MS + 0.5gM NAA 15.00 bc 

4. MS + 21AM NAA 19.50c 

5. MS + 81.tM NAA 16.25 bc 

6. MS + 3212M NAA 10.25 ab 

7. MS + 0.51AM IAA 14.50 bc 

8. MS + 2i_LM IAA 10.50 ab 

9. MS +81M IAA 10.25 ab 

10. MS + 32gM IAA 16.00 be 

11. MS + 0.5gM IBA 11.25 ab 

12. MS + 2i_tM IBA 7.00 a 

13. MS + 81AM IBA 16.00 be 

14. MS + 32gM IBA 19.75 c 

3.3.2.3.2.2 Number of roots produced by individual shoots in each treatment 

The mean number of roots produced by shoots ranged from 3.0 (MS + 0.51.1.M IBA) 

to 18.3 (MS + 81.iM NAA) (Fig. 3.13). A one-way ANOVA showed that there were 

significant differences between treatment means (Table 3.42). 

Table 3.42. One-way Analysis of Variance for mean number of roots produced by D. tasmanica 
shoot explants growing on 14 different rooting media treatments. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Treatments 18059.728 13 1389.210 41.359 0.000 

B: Within Treatments 25326.392 754 33.589 

TOTAL 43386.120 767 

The three treatments that produced the highest mean number of roots per shoot all 

included NAA in the media (21AM, 81AM and 3211M concentrations). These were 

significantly higher than the mean number of roots produced by the control shoots 

225 



Chapter 3. In vitro propagation of Liliaceae species 

(Fig. 3.13; Table 3.43). The only other treatment that produced a significantly higher 

mean number of roots than the control was MS + 321AM IBA (Table 3.43). Shoots 

from six treatments produced a lower mean number of roots than the control (Fig. 

3.13). The lowest mean number of roots occurred in the MS + 0.5p.1■4 IBA treatment, 

which was not significantly lower than the mean number of roots produced by control 

shoots (Table 3.43). 

The mean number of roots produced by shoots increased with increasing IBA in the 

media (Fig. 3.13). There were also general trends of increasing root number with 

increasing auxin concentration for NAA and IAA, with minor aberrations. 
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Figure 3.13. Mean number of roots produced by D. tasmanica shoots in each rooting media 
treatment. AC = Activated charcoal. 
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Table 3.43. Tukey's HSD test groupings of D. tasmanica rooting media treatments in regard to 
the mean number of roots produced by shoots (Method: 95.0 percent HSD). Values 
followed by the same letter are not significantly different (p = 0.05). 

Treatment Mean 

1. MS 6.57 abed 

2. MS + AC 8.14d 

3. MS + 0.5)1M NAA 6.93 bed 

4. MS + 2gM NAA 14.37e 

5. MS + 81.1M NAA 18.29f 

6. MS + 3212M NAA 15.78 ef 

7. MS + 0.51AM IAA 3.60 abc 

8. MS + 21AM IAA 4.93 abed 

9. MS + 81.tM IAA 4.73 abed 

10. MS + 321AM IAA 5.98 abed 

11. MS + 0.504 LBA 3.00 a 

12. MS + 211M  IBA 3.39 ab 

13. MS + 81./M LBA 7.39 cd 

14. MS + 324M IBA 13.15e 

3.3.2.3.2.3 Number of dead shoots in each treatment 

The number of shoots that produced roots and subsequently died is shown as a 

percentage of the number of shoots with roots for each treatment (Fig. 3.14). The 

proportion of dead compared to living shoots (with roots) was very high for some 

treatments at the termination of the experiment. Pearson's' Chi-Squared statistic 

showed that there were significant differences between treatments in regard to the 

percentage of dead shoots with roots (x2  = 135.1; p = 0.00). The highest proportion 

of dead shoots occurred in the MS + 8ii,M IBA treatment, where 71.28% of the shoots 

that produced roots were dead. As such, this treatment was significantly different to 

all other treatments, with the exception of MS + 0.51AM IAA and MS + 32pM IAA, 

which also had very high proportions of dead shoots (Table 3.44). MS + 0.5pM IAA 

also had a significantly higher proportion of dead shoots than all other treatments, 

with the exception of MS + 3211M IAA and MS + 8gM IBA (Table 3.44). Only three 

treatments had a higher proportion of surviving shoots than the control. These were: 

MS + AC (47.5% alive), MS + 81./M NAA (51.25% alive) and MS + 2pM NAA 
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(74.98% alive). None of these treatments were significantly different to the control 

(Table 3.44). The latter two treatments were also the treatments that produced the 

second and third highest percentage of shoots with roots. 

The mean number of dead (or dying) shoots without roots was quite low for all 

treatments (Table 3.45), ranging from 0 to 3.25 with approximately half being less 

than 1. MS + 321.tM IBA was the only treatment in which no shoots (without roots) 

died. The treatment with the highest number of dead shoots was MS + 0.5).1M IBA 

(Table 3.45). 

Figure 3.14. Percentage of D. tasmanica shoots that produced roots and the proportion that 
subsequently died in each rooting media treatment. AC = Activated charcoal. 
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Table 3.44. p-values for pairwise comparisons of percentage of D. tasmanica shoots that 
produced roots and the proportion that subsequently died in each rooting media 
treatment, using Chi-Squared tests. Significant values (p < 0.05)  are  highlighted. T = 
Treatment. For a list of all treatments see Table 3.43. 

p-values 
T 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 0.70 0.08 0.10 1.00 0.51 4iiiidlizi6u  0.12 iialiduall  0.09 aggidkjai.  it 2 0.18 0.68 0.29 DIM OM" 1 0.00 

3 0.07 0.35 I 0.39 1.00 al 0.36 0.75 0.00 Er 
4 0.07 .00 0.0 CI 0.0 0.00 RE 

EE 
Er a 

5 0.47 I  .00 0.09 0111Pwilw  0.07 0.00 

6 0.10 0.38 
-if  t 

0.09 0.28 

7 0.00 0.17 0.00 0.62 

8 0.45 0.11 1.00 0.69 0.00 0.31 

9 0.42 0.76 0.00 0.06 

10 0.10 0.06 0.06 0.45 

11 0.65 0.32 

12 0.19 

13 

Table 3.45. The mean number of dead (or dying) D. tasmanica shoots without roots for each 
rooting media treatment  (±  standard errors). 

Treatment Mean number of dead 
explants without roots 

1. Control 0.50 ± 0.29 

2. MS + AC 0.25 ± 0.25 

3. MS + 0.51AM NAA 0.50 ± 0.29 

4. MS + 21.1M NAA 0.25 ± 0.25 

5. MS + 81.1.M NAA 0.75 ±0.25 

6. MS + 32)-1./%4 NAA 2.50± 1.20 

7. MS + 0.51/M IAA 2.00 ± 0.40 

8. MS + 211.M IAA 1.00 ± 1.00 

9. MS + 81.J.M IAA 1.25 ±0.80 

10. MS + 321.LM IAA 0.75 ± 0.50 

11. MS + 0.5p.M IBA 3.25 ± 1.30 

12. MS + 21-LM IBA 2.50 ± 0.50 

13. MS + 81.1.M IBA 0.25 ± 0.30 

14. MS + 321.4.M IBA 0.00 ± 0.00 
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3.3.2.3.2.4 Rate of root formation 

The rate of root formation was determined by taking a mean value of the number of 

roots per shoot at bi-monthly intervals for each treatment (Fig. 3.15). The only 

treatments in which the rate of root formation was still increasing markedly at the end 

of the experiment were MS + 81.1M NAA, MS + 321.LM NAA, MS + 2uM NAA, MS + 

AC and the control. Of these treatments, MS + AC was the only one to show a faster 

rate of root formation during the final two months of the experiment than the 

previous 4 months. Approximately half the treatments showed a similar pattern in 

root formation, with an initial steady increase in the rate of root formation for the first 

4 months, followed by a plateau (Fig. 3.15). The treatments with the fastest rate of 

root formation were MS + 8uM NAA, MS + 32uM NAA and MS + 2uM NAA. All 

shoots in these treatments (that contained NAA in the media) produced a high rate of 

root formation in the initial 6 month period. A plateau and subsequent decrease in 

the rate of root formation in the final two months also occurred in the shoots from 

these treatments. 

Figure 3.15. The mean number of roots produced by D. tasmanica shoots in each treatment, at bi-
monthly intervals. AC = Activated charcoal. 
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3.3.2.3.2.5 Contamination 

The total number of contaminated shoots was very low in all treatments (Table 3.46). 

In fact only 12 shoots (-1%) were contaminated out of the 1120 used in the 

experiment. Pearson's' CM-Squared statistic showed that there were differences 

between treatments in regard to the percentage of shoots that became contaminated 

(x2 = 44.7; p = 0.00). The MS + AC treatment contained the most shoots that became 

contaminated (Table 3.46). This was the only treatment that was significantly 

different to other treatments (Table 3.47). However, it was not significantly different 

to all other treatments (Table 3.47). Only three other treatments had any 

contaminated explants: MS + 0.5.tM NAA, MS + 0.51AM IBA and MS + 81AM NAA 

(Table 3.46). Contamination occurred early in the experimental period being noted at 

the first time results were taken (after 1 month) in the majority of cases. However, 2 

shoots became contaminated quite late (after 5 months) in the treatment containing 

0.5pM IBA. 

Table 3.46. The percentage of contaminated D. tasmanica shoots from each rooting media 
treatment. 

Treatment Percentage of 
contaminated shoots (%) 

1. Control 0 

2. MS + AC 7.5 

3. MS + 0.51.1M NAA 3.75 

4. MS + 21aM NAA 0 

5. MS + 811M NAA 1.25 

6. MS + 321AM NAA 0 

7. MS + 0.51AM IAA 0 

8. MS + 2p,M IAA 0 

9. MS + 8i.tM IAA 0 

10. MS + 321AM IAA 0 

11. MS + 0.5gM B3A 2.5 

12. MS + 21.tM LBA 0 

13. MS + 81.LM B3A 0 

14. MS + 321AM IBA 0 
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Table 3.47. 	p-values for pairwise comparisons of percentage of D. tasmanica shoots that 
became contaminated in each rooting media treatment, using Chi-Squared tests. 
Significant values (p <0.05) are highlighted.  T  = Treatment.  For  a list of 
treatments see Table 3.46. 

p-values 

T 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 

2 

3 

0.08 

0.30 

1.00 

0.08 

0.51 

0.05 

0.31 

1.00 

0.08 

1.00 

0.08 

1.00 

0.08 

1.00 

0.08 

1.00 

0.08 

0.15 

0.15 

0.65 

1.00 

0.08 

1.00 

0.08 

1.00 

0.08 

4 0.31 1.00 1.00 1.00 1.00 1.00 0.15 1.00 1.00 1.00 

5 0.31 0.31 0.31 0.31 0.31 0.08 0.31 0.31 0.31 

6 1.00 1.00 1.00 1.00 0.15 1.00 1.00 1.00 

7 1.00 1.00 1.00 0.15 1.00 1.00 1.00 

8 1.00 1.00 0.15 1.00 1.00 1.00 

9 1.00 0.15 1.00 1.00 1.00 

10 0.15 1.00 1.00 1.00 

11 0.15 0.15 0.15 

12 1.00 1.00 

13 1.00 

3.3.2.3.2.6 	General health of shoots, presence of aerial roots, root hairs and 
callus in each treatment 

Shoot health was generally good for all treatments with the exception  of  MS + 0.5M 

IAA and MS + 811M IBA (Table 3.48). Aerial roots were only noted  on  a small 

number of shoots from the control and MS + AC treatments. Root  hairs  occurred 

only on shoots grown in media containing the two highest concentrations of NAA 

(81AM and 3211M). Callus was also only prevalent on shoots grown  on  media 

containing the highest levels of two auxins, NAA and IBA. Blue structures 

resembling flower buds developed on three shoots (1 in the 81.1M IBA  and  2 in the 

32gM IBA treatment) (Table 3.48) (Plate 3.15). Unfortunately, these structures later 

faded and died so they could not be positively identified. 

232 



Chapter 3. In vitro propagation of Liliaceae species 

Plate 3.15. The blue structures (a) resembling flower buds that developed on three 
Dianella tasmanica shoots on rooting media. 
Scale bar = 0.3 cm. 

Table 3.48. Comparison of features of D. tasmanica shoots in each rooting media treatment. 

Treatment Shoot 
Health 

Aerial 
Roots 

Root 
Hairs 

Callus Other interesting 
features 

1. Control 4 2 1 1 None 
2. MS + AC 3 2 1 1 None 
3. MS + 0.5gM NAA 3 1 1 1 None 
4. MS + 2pM NAA 4 1 1 1 None 
5. MS + 81.1M NAA 4 1 4 3 None 
6. MS + 32p,M NAA 4 1 4 4 None 
7. MS + 0.51AM IAA 1 1 1 1 None 
8. MS + 21.A.M IAA 3 1 1 1 None 
9. MS + 8p.M IAA 3 1 1 1 None 

10. MS + 321AM IAA 4 1 1 1 None 
11. MS + 0.5pM IBA 4 1 1 1 None 
12. MS + 2pM IBA 3 1 1 1 None 
13. MS + 8pM IBA 1 1 1 2 1 shoot developed a 

blue structure, 
similar to a flower 

bud. 
14. MS + 32pM IBA 4 1 1 2 2 shoots developed 

blue structures, as 
above. 

Shoot health: Rated 1-5, where 1 = very poor, 5 = very good. 
Callus: Rated 1-5, where 1 = no shoots had callus, 5 = 100% of shoots had callus. 

Root hairs: Rated 1-5, where 1 = no root hairs, 5 = 100% of shoots had root hairs. 
Aerial roots: Rated 1-5, where 1 = no aerial roots, 5 = 100% of shoots had aerial roots. 
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3.3.2.3.3 Transplanting 

A total of 374 plantlets were planted out; 352 had roots, while 22 didn't have any 

roots (Table 3.49). The highest number of plants that survived to the planting out 

stage was from the control group (51, or approximately 14% of the total number of 

plants). Closely followed by the MS + 21.tM NAA treatment (45 plants, or 12%). 

Only 8 and 9 plants were planted out from the MS + 81.1M IBA and MS + 321AM NAA 

treatments, respectively (Table 3.49). 

Only about half of the treatments had plants without roots that survived to the 

planting out stage. The highest number of plants without roots was planted out from 

the MS + 21.1M IBA treatment (Table 3.49). 

One month after transplanting, the majority of plants were growing well (92.5% had 

survived, while 7.5% of plants had died, apparently due to fungal attack). 

Two moths later, the majority of plants were still growing well and the survival of 

plants was still very good (71.1%). More plants had now died (28.9%), with the 

majority of deaths attributed to rotting due to fungal attack. 

Five months later, at the time of repotting, the survival of plants had decreased to 

51.6% of the plants initially planted out. However, the majority of the surviving 

plants were healthy and had outgrown the seedling trays. 

3.3.2.3.3.1 Plants with roots 

Three hundred and fifty two plants with roots were planted out. One month after 

planting out 27 were dead (Table 3.49) (therefore 92.3% had survived). Three 

months after planting, a further 65 were dead (73.9% survived); and at the time of 

repotting 70 more were dead. Therefore, a total of 54% of plants with roots had 

survived to the repotting stage. 

3.3.2.3.3.2 Plants without roots 

Twenty two plants without roots were planted out. One month after planting 4 were 

dead (Table 3.49); therefore 81.8% of plants were still alive. Three months after 

planting 12 more were dead (27.3% had survived), and at the time of repotting, 3 
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were dead. Therefore, only 3 plants without roots (13.6%) survived, 2 of these were 

from the MS + 2pM IBA and 1 from the MS + 0.5p.M NAA treatment. The majority 

of plants without roots died 3 months after repotting. 

Table 3.49. The total number of D. tasmanica plants planted out and subsequently repotted, and 
the number of plants with and without roots that died at each stage. 

T Total 
no. 

of plants 
planted 

out 

No. 
planted 

out 
with roots 

No. 
planted 

out 
without 

roots 

1 MAP 
No. 

dead 
with 
roots 

1 MAP 
No. 

dead 
without 

roots 

3 MAP 
No. 

dead 
with 
roots 

3 MAP 
No. 

dead 
without 

roots 

Repot. 
No. 

dead 
with 
roots 

Repot. 
No. 

dead 
without 

roots 

Total 
no. of 
plants 

repotted 

1 51 51 0 11 N/A 8 N/A 8 N/A 24 

2 36 35 1 2 0 11 1 4 N/A 18 

3 31 27 4 0 2 5 1 5 0 18 

4 45 43 2 4 0 9 2 7 N/A 23 

5 28 28 0 0 N/A 4 N/A 7 N/A 17 

6 9 9 0 0 N/A 2 N/A 2 N/A 5 

7 16 16 0 0 N/A 3 N/A 2 N/A 11 

8 23 19 4 0 1 4 2 4 1 11 

9 32 31 1 6 0 8 0 4 1 13 

10 23 23 0 2 N/A 2 N/A 5 N/A 14 

11 23 22 1 0 0 3 1 7 N/A 12 

12 23 16 7 1 0 0 4 5 1 12 

13 8 6 2 0 1 1 1 2 N/A 3 

14 26 26 0 1 N/A 5 N/A 8 N/A 12 

TOT 374 352 22 27 4 65 12 70 3 193 

T = Treatment; MAP = Months after planting; Repot. = At the time plants were repotted; 
TOT = Total. 

1 = MS 
2= MS + AC 
3 = MS + 0.5pM NAA 
4 = MS + 21-tM NAA 
5 =MS + 81.11■4 NAA 
6 = MS + 321.1M NAA 
7 = MS + 0.504 IAA 

8 = MS + 21.LM IAA 
9 = MS + 81.11■4 IAA 

10 = MS + 321.tM IAA 
11 = MS + 0.5pM IBA 
12 = MS + 204 IBA 
13 = MS + 81.11‘4 IBA 
14 =MS + 3204 IBA 

Pearson's Chi-Squared statistic showed that there were no significant differences 

between treatments in regard to the percentage of plants that survived to the repotting 

stage (x2  = 7.2; p = 0.89). Plants from the MS + 0.5W IAA treatment had the 
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highest survival percentage of all treatments at the repotting stage (68.8%, Fig. 3.16). 

The MS + 321.IM IAA and MS + 84M NAA treatments also had fairly high 

proportions of surviving plants (60.9% and 60.7%, respectively), while the lowest 

(38%) occurred in plants originally from the MS + 8).tM IBA treatment. Nine of the 

14 treatments had a survival percentage of 50% or greater (Fig. 3.16). 

80 

60 

Percentage 
of plants 40  
that 
survived 

20 

o 

  

MS MS MS MS MS MS MS MS MS MS MS MS MS MS 
+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 

AC 0.5gM 211M 811M 32gM 0.5gM 2gM 8gM 32gM 0.5gM 2gM 8gM 32gM 
NM NM NM NM IM IM IM IAA IBA  IBA IBA IBA 

Treatment 

 

Figure 3.16. Percentage of D. tasmanica plants from each rooting media treatment that had 
survived transplanting to the stage when they were repotted. AC = Activated charcoal. 

3.3.2.3.3.3 Number of roots prior to transplanting and subsequent survival 

To determine whether a link existed between the number of roots that plants had 

before planting out, and their subsequent survival, the number of dead and surviving 

plants were counted for each "number of roots" category (Table 3.50). The majority 

of dead plants had less than 10 roots, with very few having more than 12 roots; while 

the majority of surviving plants had more than 2 and less than 10 roots (Table 3.50). 

Therefore, plants that lacked roots or had a single root had a much higher proportion 

of dead plants than surviving plants. In general, when explants had > 14 roots (which 
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was only a small number of plants), the proportion of surviving plants was higher 

than those that died. For all other categories, with a few minor aberrations, the 

proportion of surviving and dead plants was similar. Pearson's Chi-Squared statistic 

showed that there were differences between "number of roots" categories in regard to 

the percentage of plants that survived (x 2 = 38; p = 0.00). Pairwise comparisons 

showed that when plants had no roots (category 1) the proportion of surviving plants 

was significantly lower than the majority of other categories (Table 3.51). However, 

there were no significant differences between the plants with no roots and the plants 

with 1 root (category 2), or those with 7 (Category 8) or 20 roots (category 18). All 

of these treatments had less than 40% surviving plants. The only categories that had 

a significantly higher percentage of surviving plants than some of the other categories 

were category 7 (6 roots) and category 9 (8 roots) (Table 3.51). Both of these 

treatments had very high proportions of surviving plants (Table 3.50). Although 

100% of plants survived in three categories, 16 (16 roots), 17 (18 roots) and category 

19 (20+ roots), these categories only contained 1 or 2 plants, and therefore were not 

significantly different to any other categories, with the exception of category 1 (no 

roots). In regard to the total number of plants in each category, the majority of plants 

had less than 12 roots, with less than 5 plants in every category between 13 and 20+ 

roots. The category with the highest number of plants was those having 5 roots prior 

to transplanting. Other categories with high plant numbers were 2, 3, 4 and 6 roots 

prior to transplanting. 
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Table 3.50. The number and percentage of D. tasmanica plants in each root number category 
(before planting out) that survived transplanting and the number that subsequently died. 

No. of roots prior 
to transplanting 

No. of 
dead 

plants 

Percentage 
of dead 

plants (%) 

No. of 
surviving 

plants 

Percentage 
of surviving 
plants (%) 

Total 
no. of 
plants 

0 (Category 1) 19 86.4 3 13.6 22 

1 (Category 2) 12 60 8 40 20 

2 (Category 3) 21 58.3 15 41.7 36 

3 (Category 4) 23 54.8 19 45.2 42 

4 (Category 5) 21 48.8 22 51.2 43 

5 (Category 6) 20 40 30 60 50 

6 (Category 7) 10 27.8 26 72.2 36 

7 (Category 8) 13 61.9 8 38.1 21 

8 (Category 9) 3 16.7 15 83.3 18 

9 (Category 10) 9 45 11 55 20 

10 (Category 11) 14 50 14 50 28 

11 (Category 12) 3 42.9 4 57.1 7 

12 (Category 13) 8 53.3 7 46.7 15 

13 0 N/A 0 N/A 0 

14 (Category 14) 1 33.3 2 66.7 3 

15 (Category 15) 1 25 3 75 4 

16 (Category 16) 0 0 1 100 1 

17 0 N/A 0 N/A 0 

18 (Category 17) 0 0 2 100 2 

19 0 N/A 0 N/A 0 

20 (Category 18) 3 60 2 40 5 

20+ (Category 19) 0 0 1 100 1 

Total 181 48.4 193 51.6 374 
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Table 3.51. p-values for pairwise comparisons of percentage of D. tasmanica plants that survived 
in each number of roots category, using Chi-Squared tests. Significant values (p < 
0.05) are highlighted. C = Category. For a list of categories see  Table  3.50. 

p-values 

cd  
,■

.  C
I
  

2 

.05 

3 

.92 

4 

.70 

5 

.42 

6 

.13 

7 8 9 10 11 12 13 14 15 16 17 18 
.16 

19 

.07 

.89 .34 .48 .43 .68 .38 .19 .21 .10 1.0 .21 

3 .75 .40 .10 .78 .33 .51 .45 .71 .40 .20 .21 .11 .92 .21 

4 .59 .16 .59 .48 .70 .57 .92 .47 .25 .31 .15 .84 .31 

5 .39 .06 .34 .79 .92 .74 .76 .63 .35 .31 .19 .64 .31 

6 .23 .10 .07 .71 .39 .86 .37 .81 .52 .41 .24 .39 .41 

7 .38 .19 .07 .42 .08 .79 .92 .51 .40 .15 .51 

8 .29 .42 .38 .61 .37 .19 .21 .10 .92 .21 

9 .06 .18 .53 .66 .60 .53 .05 .60 

10 .73 .92 .63 .71 .44 .40 .23 .55 .40 

11 .74 .84 .55 .33 .31 .19 .70 .31 

12 .65 .78 .52 .38 .24 .56 .38 

13 .53 .31 .30 .17 .78 .30 

14 .86 .52 .36 .47 .52 

15 .58 .48 .28 .58 

16 1.0 .27 1.0 

17 .13 1.0 

18 .27 

3.3.2.3.3.4 Percentage ofplant that was green 

The highest proportion of surviving plants were in the 100% green category, closely 

followed by the 90% green category (Table 3.52), and the majority of surviving 

plants were > 50% green. A larger proportion of dead plants occurred in the 25% 

and less categories than surviving plants, however, the majority of dead plants were 

in the 50% green category (Table 3.52). The proportion of surviving plants was 

higher than that of dead plants in all categories > 80% (Table 3.52). In terms of total 

number of plants in each category, the majority of plants were 90%  green;  there were 

also high numbers of plants that were 50 and 65% green; while not very many plants 

were 25% green or less (Table 3.52). Pearson's Chi-Squared statistic showed that 

there were differences between % green categories in regard to  the  percentage of 

plants that survived (x2  = 58.0; p = 0.00). The two highest % green categories (100% 

green and 90% green) had significantly higher percentages of surviving plants than 

the majority of other categories (Table 3.53), with the exception of categories 3 and 7 
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(80% green and 30% green), which also had a high proportion of surviving plants. 

The percentage of surviving plants was also significantly higher for category 3 (80% 

green) than category 6 (50% green) and category 11(5% green) (Table 3.53). There 

were no other significant differences between other % green categories (Table 3.53). 

Table 3.52. The number and percentage of D. tasmanica plants classified in each % green 
category at the time of transplanting that later survived or died. 

Percentage 
of plant 
that was 

green 

No. of 
dead 
plants 

Percentage 
of dead 

plants (/0) 

No. of 
surviving 

plants 

Percentage 
of 

surviving 
plants (/0) 

Total 
no. of 
plants 

1. 	100 4 23.5 13 76.5 17 
2. 90 43 29.3 104 70.7 147 
3. 80 7 38.9 11 61.1 18 
4. 75 22 61.1 14 38.9 36 
5. 65 35 61.4 22 38.6 57 
6. 50 47 71.2 19 28.8 66 
7. 30 6 46.2 7 53.8 13 
8.25 4 80 1 20 5 
9.20 3 100 0 0 3 

10.10 6 75 2 25 8 
11.5 4 100 0 0 4 

Total 181 48.4 193 51.6 374 

Table 3.53. p-values for pairwise comparisons of percentage of D. tasmanica plants that survived 
in each % green category, using Chi-Squared tests. Significant values (p <0.05) are 
Ifghlighted. C = Category. For a list of categories see Table 3.52. 

p-values 
C 2 3 4 5 6 7 8 9 10 11 

1 0.62 0.34 0.01 0.01 0.00 0.18 0.02 0.01 0.01 0.00 

2 0.42 0
' 
 00 I-   0.00 0.00  " 0.21 0.01 0.01 0.01 0.00 

3 0.12 0.09 0.68 0.11 0.05 0.09 03 

4 1.00 0.30 0.36 0.43 0.17 0.46 0.12 

5 0.25 0.32 0.41 0.18 0.43 0.13 

6 0.08 0.68 0.29 0.81 0.20 

7 0.20 0.09 0.20 0.06 

8 0.38 0.79 0.39 

9 0.37 1.00 

10 0.25 
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3.3.2.3.3.5 Health ofplants (rated 1 - 5) 

The majority of surviving plants were given a health rating of "4", with a high 

proportion rated as "3" (Table 3.54). For the plants that died, the majority were rated 

"3", while a high number were rated "1". Together with the category of health rating 

"2", these were the only categories that had a higher number of dead plants than 

surviving plants. It should be noted that there was a much higher proportion of dead 

plants compared to surviving plants for health ratings of "1" and "2"; while a similar 

proportion of dead and surviving plants occurred at a health rating of "3". For the 

best health ratings of "4" and "5", a much higher proportion of surviving plants 

occurred. Overall, the most plants were in the health rating categories of "3" and 

"4", while only a small number were rated as "2". Pearson's Chi-Squared statistic 

showed that there were significant differences between health ratings in regard to the 

proportion of surviving plants (x 2 = 51.7; p = 0.00). As expected the highest health 

category of "5" had significantly more surviving plants than all other treatments 

(Table 3.55). The poorest health category, "1", was also significantly different to all 

other treatments, with the exception of category "2", which was also a poor health 

category (Table 3.55). 

Table 3.54. The number and percentage of D. tasmanica plants from each health category that 
later survived or died. Health rating: 1 = very poor, 5 = very good. 

Health 
rating 

No. of 
dead 

plants 

Percentage 
of dead 

plants (%) 

No. of 
surviving 

plants 

Percentage 
of surviving 
plants (%) 

Total 
no. of 
plants 

1 56 74.7 19 25.3 75 

2 7 63.6 4 36.4 11 

3 74 54.4 62 45.6 136 

4 39 33.6 77 66.4 116 

5 5 13.9 31 86.1 36 

Total 181 48.4 193 51.6 374 
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Table 3.55. p-values for pairwise comparisons of percentage of surviving D. tasmanica plants for 
each health category. Significant values (p <0.05) are highlighted. Health rating: 1 = 
very poor, 5 = very good. 

p-values 

Health rating 2 3 4 5 

1 0.43 0. 	., . 

2 0.57 0.05 	0.00 

Illiffir  0.02 4 

3.3.2.3.3.6 Repotting: Mean number of roots, shoots and length of longest leaf 

At the time of repotting (Plate 3.16), the mean number of roots on transplanted D. 

tasmanica plants ranged from 4.3 to 9.7. The lowest occurred on plants previously 

grown on MS + 21.LM  IBA, while the highest was from the MS + 81.tM IBA treatment 

(Table 3.56). Plants previously grown on MS + AC, MS + 32iaM IBA and MS 

(control) also had a high mean number of roots. A one-way AND VA showed that 

there were no significant differences between treatment means. 

Plate 3.16. In vitro grown Dianella tasmanica plants just after being repotted. 
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The mean number of shoots had a smaller range, between 1.2 and 2.3 (Table 3.56). 

As such, a one-way ANOVA showed that there were no significant differences 

between treatments. Interestingly, the lowest mean number of shoots occurred in the 

same treatment as the lowest mean number of roots, MS + 21.1M IBA. The highest 

mean number of shoots was found in plants previously grown on the control and MS 

+ AC treatments (the MS + 321AM NAA treatment was only slightly lower). The 

plants previously grown on the control treatment also had the highest mean for the 

length of longest leaf (Table 3.56). The shortest mean leaf length was found in plants 

previously grown on MS + 0.51AM IBA. The range of mean length of longest leaf 

varied from 5.7 to 12.8 (Table 3.56). A one-way ANOVA showed that there were 

significant differences between treatments in regard to the mean length of the longest 

leaf at repotting (Table 3.57). However, Tukey's HSD test grouped all treatments 

within the same group due to unequal sample sizes. 

Table 3.56. The mean number of roots, shoots and length of longest leaf (± standard errors) for D. 
tasmanica plants previously grown on 14 different rooting media treatments, at the 
time of repotting. 

Treatment Mean no. of 
roots 

Mean no. of 
shoots (cm) 

Mean length 
of longest leaf 

(cm) 
1. Control 8.1 ± 0.8 2.3 ± 0.3 12.8 ± 1.3 

2. MS + AC 8.4± 1.1 2.3 ± 0.4 10.6± 1.1 

3. MS + 0.51AM NAA 7.5± 1.0 1.8± 0.3 11.1 ± 1.6 

4. MS + 21.tM NAA 6.1 ± 0.7 1.8 ± 0.2 8.3 ± 0.8 

5. MS + 8p.M NAA 6.8 ± 0.6 1.4 ± 0.1 10.4 ± 1.0 

6. MS + 32A4 NAA 7.4± 1.6 2.2 ± 0.7 6.8 ± 1.2 

7. MS + 0.5AM IAA 5.3 ± 0.8 1.4 ± 0.2 8.1 ± 1.3 

8. MS + 2p.M IAA 5.9± 1.2 1.8± 0.5 8.9± 1.7 

9. MS + 81/M IAA 6.0 ± 0.9 1.8 ± 0.3 7.7 ± 0.9 

10. MS + 321AM IAA 5.8 ± 0.7 1.8 ± 0.4 9.1 ± 1.2 

11. MS + 0.51AM IBA 5.1 ± 1.0 1.5 ± 0.2 5.7 ± 0.6 

12. MS + 21.1M MA 4.3 ± 0.7 1.2 ± 0.1 8.2 ± 1.2 

13. MS + 8AM IBA 9.7 ± 3.2 2.0 ± 0.6 10.7 ± 0.5 

14. MS + 321AM IBA _ 	8.2 ± 2.2 1.8 ± 0.4 10.5 ± 2.3 
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Table 3.57. One-way Analysis of Variance for mean length of longest leaf of D. tasmanica in vitro 
grown plants at the time of repotting. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Treatments 665.609 13 51.201 2.216 0.011 

B: Within Treatments 3974.482 172 23.107 

TOTAL 4640.091 185 

The relationship between the mean number of roots and the length of the longest leaf 

of D. tasmanica plants at the time of repotting, was investigated using the Pearson 

product-moment correlation coefficient. There was a strong positive correlation 

between the two variables (r = 0.568, n = 186, p <0.0005), with high numbers of 

roots associated with longer leaf lengths. The coefficient of determination (which 

shows how much variance the two variables share) = 0.323. Therefore the 

percentage of variance = 32.3%. No correlations were found between the mean 

number of shoots and the mean length of the longest leaf or the mean number of 

roots and the mean number of shoots. 

3.3.2.3.3.7 Twelve months after repotting: mean number of shoots, length of longest 
leaf and health rating 

Twelve months after repotting, the mean number of shoots and length of longest leaf 

were measured and plants were rated in the same health categories used prior to 

transplanting. The number of roots were not counted at this stage, as they were too 

numerous to count accurately. 

The mean number of shoots per plant was highest in those previously grown on MS + 

3211M IBA, while the lowest value was found in plants previously grown on MS + 

811M IAA (4.2 and 1.7 respectively; Table 3.58). A one-way ANOVA showed that 

there were no significant differences between treatment means in regard to the mean 

number of shoots. Plants previously from the MS + 8i_tM IBA treatment had the 

longest leaves, while the shortest plants were originally grown on MS + 32pM NAA. 

Other treatments containing plants with long leaves were: the control and MS + 

321AM IBA, which also both had high numbers of shoots (Table 3.58). A one-way 

ANOVA showed that there were significant differences between treatment means in 
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regard to the length of the longest leaf (Table 3.59). However, Tukey's HSD test 

grouped all treatments within the same group, due to unequal and occasionally small 

sample sizes. In terms of health, the healthiest plants were previously from the 

control treatment, while plants previously grown on the MS + 32g1\4 NAA treatment 

had the lowest mean health rating. The plants from this treatment also had the 

shortest leaves (Table 3.58). 

Table 3.58. The mean number of shoots, length of longest leaf and health rating (± standard errors) 
for D. tasmanica plants previously grown on 14 different rooting media treatments, 
12 months after repotting. 

Treatment Mean no. of 
shoots 

Mean length of 
longest leaf 

(cm) 

Mean health 
rating (1-5) 

1. Control 3.6 ± 0.3 32.1± 1.9 3.4 ± 0.1 
2. MS + AC 2.7 ± 0.6 21.4 ± 3.2 2.9 ± 0.2 
3. MS + 0.5AM NAA 3.1 ± 0.4 27.2 ± 3.0 3.1 ± 0.2 
4. MS + 21-tM NAA 2.4 ± 0.4 20.0 ± 2.8 2.9 ± 0.2 
5. MS + 81-tM NAA 3.6± 0.6 26.8 ±3.3 3.1 ±0.2 
6. MS + 321-tM NAA 2.0 ± 1.0 16.5 ± 3.8 2.0 ± 1.0 
7. MS + 0.51-tM IAA 2.7 ± 0.7 21.9 ± 5.0 3.0 ± 0.3 
8. MS + 21.1M IAA 2.8 ± 0.5 24.8 ± 3.3 3.0 ± 0.0 
9. MS + 81AM IAA 1.7 ± 0.4 18.5 ± 3.7 2.7 ± 0.3 
10. MS + 321.IM IAA 1.9 ± 0.4 22.6 ± 3.3 2.8 ± 0.2 
11. MS + 0.4LM IBA 2.4 ± 0.6 17.8 ± 5.9 2.8 ± 0.5 
12. MS + 21.tM IBA 2.5 ± 0.6 21.6 ± 2.6 2.2 ± 0.4 
13. MS + 81./M IBA 3.5 ± 0.5 33.8 ± 5.6 3.0 ± 0.0 
14. MS + 32ptM IBA 4.2 ± 1.0 31.7 ± 2.3 3.0 ± 0.0 

Table 3.59. One -way Analysis of Variance for mean length of longest leaf of D. tasmanica in vitro 
grown plants 12 months after repotting. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Treatments 3018.937 13 232.226 2.052 0.022 

B: Within Treatments 13238.496 117 113.150 

TOTAL 16257.433 130 
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3.3.2.3.3.8 Plant growth in a 12 month period 

To determine which plants had grown the most in the 12 month period following 
repotting, the increase in mean number of shoots and mean length of longest leaf was 
determined. The plants that had the highest increase in mean number of shoots were 
previously grown on MS + 32gM IBA and MS + 8[LM NAA (2.4 and 2.2 new shoots 
respectively; Table 3.60). In the two lowest treatments the mean number of new 
shoots actually decreased slightly, so no new shoot growth was occurring at all and 
some of the plants had died (Table 3.60). In general the number of new shoots grown 
by plants in 12 months is generally quite low, so multiplication under ex vitro 
conditions for D. tasmanica plants is slow. 

Table 3.60. The increase in the mean number of shoots (no.) and the mean length of longest leaf 
(cm) in the 12 months after D. tasmanica plants were repotted. 

Treatment Increase in the mean no. 
of shoots 

Increase in the mean 
length of longest leaf (cm) 

1. Control 1.3 19.3 
2. MS + AC 0.4 10.8 
3. MS + 0.5i.tM NAA 1.3 16.1 
4. MS + 21.tM NAA 0.6 11.6 
5. MS + 804 NAA 2.2 16.4 
6. MS + 321AM NAA -0.2 9.7 
7. MS + 0.5gM IAA 1.3 13.8 
8. MS + 2i.tM IAA 1.0 15.9 
9. MS + 811,M IAA -0.1 10.8 

10. MS + 3211,M IAA 0.1 13.5 
11. MS + 0.51AM 1BA 0.9 12.1 
12. MS + 21AM 1113A 1.3 13.4 
13. MS + 81_tM IBA 1.5 23.1 
14. MS + 32p.M IBA 2.4 21.2 

Growth in terms of the increase in length of the longest leaf varied between 9.7 cm 
(MS + 32piM NAA) and 23.1 cm (MS + 81.tM IBA). Leaves from plants grown on 
the majority of treatments had grown more than 13.4 cm in 12 months (Table 3.60). 
In general, the plants that had large increases in mean leaf length, also had high 
increases in mean number of shoots (eg. MS + 3204 IBA and MS + 81.tM IBA), and 
those with the smallest increases (or in fact, decreases) in the mean number of shoots 
also had the smallest increases in mean length of longest leaves, for example: MS + 
321.1M NAA and MS + 81AM IAA (Table 3.60). 
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3.3.2.4 Explant source: Whole flower buds and floral scape sections 

3.3.2.4.1 Disinfestation and Initiation 

The disinfestation procedure was very successful with only 3 flower bud explants 

(3.6%) and no floral scape section explants contaminated 1 month after cultures were 

initiated (Appendix 3.9). At this time there was no regeneration from any of the 

explants, but some were expanding in size, particularly those on FBM (Appendix 

3.9). 

Approximately 2 months later (3 months after cultures were initiated), the majority of 

flower bud explants had developed shoots when grown on FBM, but not on MS 

(Table 3.61; Appendix 3.10). None of the floral scape sections had regenerated 

shoots on either media type (Table 3.61; Appendix, 3.10). 

Table 3.61. The percentage of D. tasmanica flower bud (FB) and floral scape section (FSS) 
explants that had regenerated shoots on MS and FBM after 3 months in vitro. 

Explant ID and 
Type 

Percentage of explants that had regenerated 
shoots (%) 

MS FBM 

AR1 - FB 0 75 

AR2 - FB 0 100 

AR2 - FSS 0 0 

AR3 - FB 0 100 

LR1 - FB 0 40 

LR2 - FB 0 90.9 

LR2 - FSS 0 0 

LB1 - FB 8.3 72.7 

LB1 - FSS 0 0 

A further 2 months later (5 months after cultures were initiated), 100% of flower bud 

explants from the three Arve Road plants (AR1-3) and from plant 2 from 

Lidgerwood Road (LR2) had regenerated shoots on FBM (Table 3.62; Appendix 

3.11). A high proportion of Lime Bay (LB1) explants also had regenerated shoots on 

this media, but only half of the Lidgerwood Road plant 1 (LR1) explants had 
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regenerated shoots. Only a maximum of 20% of flower bud explants grew shoots on 

MS media, and only from half the plants used (LR1, LR2 and LB 1). No regeneration 

from the floral scape sections was observed and the majority had died (Table 3.62; 

Appendix 3.11). Pearson's Chi-Squared statistic showed that there were no 

significant differences between the percentage of explants that regenerated shoots on 

MS medium, with flower bud and floral scape section explants both showing little or 

no regeneration (Table 3.62). However, significant differences did occur between 

explants growing on FBM (x2 = 60.3; p = 0.00). As expected all floral stem section 

explants, which did not regenerate any shoots, were significantly different to all 

flower bud explants (Table 3.63) (with the exception of LR1 - FB, which was not 

significantly different to AR2 - FSS). Only one of the flower bud explants showed 

less than 89% regeneration, and as such this explant (LR1 - FB) was the only one to 

be significantly different to any other flower bud explants (LR2 - FB) (Table 3.63). 

The percentage of explants that regenerated shoots on FBM was significantly 

different to those growing on MS for the majority of explants (with the exception of 

LR1 - FB). 

Table 3.62. The percentage of D. tasmanica flower bud (FB) and floral scape section (FSS) 
explants that had regenerated shoots on MS and FBM after 5 months in vitro. 

Explant ID and Type 

Percentage of explants that had regenerated 
shoots (%) 

MS FBM 

1. AR1 - FB 0 100 

2. A112 - FB 0 100 

3. AR2 - FSS 0 0 

4. AR3 - FB 0 100 

5. LR1 - FB 20 50 

6. LR2 - FB 11 100 

7. LR2 - FSS 0 0 

8. LB1 - FB 20 89 

9. LB1 - FSS 0 0 
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Table 3.63. p-values for pairwise comparisons of percentage of D. tasmanica  floral  explants that 
regenerated shoots after growing on FBM for 5 months. Significant values (p <0.05) 
are highlighted. Explant IDs' are listed in Table 3.62. 

p-values 

Exphint 2 3 4 5 6 7 8 	9 

1 1.00 1.00 0.10 1.00 0.43 

2 1.00 0.08 1.00 0.40 

3 0.10 1.00 1.00 

4 0.05 1.00 O.00 0.40 0.00 

5 0.01 0.01 0.11 0.01 

6 0.23 

7 1.00 

8 

Approximately 7 months after cultures were initiated, the large shoots that had grown 

on the flower bud explants were removed and transferred to multiplication media. 

Those explants that did not have shoots, or had very small shoots at this time, 

remained on the FBM initiation media and MS media. Some of these explants were 

now beginning to grow shoots, while others had died (Appendix 3.12). 

Two months later (9 months after cultures were initiated), only the two remaining 

AR1 flower buds had shoots that were ready to be transferred to multiplication 

media. None of the other explants had grown any further, and were discarded. 

3.3.2.4.2 Multiplication 

Approximately 4.5 months after shoots were transferred to the multiplication media 

the mean number of new shoots per original shoot was highest for shoots originating 

from the LR2 scape and lowest from the AR1 scape, which was the smallest and 

youngest (Figure 3.17). A one-way ANOVA showed that there were no significant 

differences between the mean number of new shoots produced by the five different 

plants that explants were taken from. 

The flower buds from both locations were grouped into different developmental 

stages, and again shoots originally from the smallest and youngest floral scape (stage 

1) produced the least new shoots after growth on multiplication media for 4.5 
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months, while those from the largest and oldest stems (stage 3) produced the most 

(Fig. 3.17). However, a one-way ANOVA showed that there were no significant 

differences between the mean number of shoots produced by flower bud explants at 

different stages of development. It was interesting that the mean number of shoots 

produced by LR2 explants was so different to the value for AR3, as these floral 

scapes were thought to be at a very similar stage of development. 

Figure 3.17. The mean number of new shoots produced by D. tasmanica shoots originally from 
five different plants (AR1-3, LR2 and LB 1), the total mean for all original flower bud 
explants (FB total), and the mean for each developmental stage.  Stage  1 includes AR1; 
Stage 2 includes AR2 & LB1, and Stage 3 includes AR3 & LR2. 

The multiplication rates achieved were quite low for LB 1, AR1 and AR3 (Table 

3.64). However, it must be noted that this table does not take into account any losses 

of explants due to death, or those that did not regenerate any shoots. The best 

multiplication rate for the 11.5 months that shoots were in culture was achieved by 

the LR2 plant. Shoots from AR3 and LR2 were at a similar stage of development, 

but had different multiplication rates. Flower buds from the youngest and smallest 

floral scape had the second lowest multiplication rate. 
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Table 3.64. The original number of explants, the final number of shoots produced and the 
multiplication rate achieved by D. tasmanica flower bud explants after approximately 
11.5 months in vitro. The original number of explants only includes those on FBM not 
MS, as only 1 explant on MS was used for multiplication purposes (and only produced 1 
shoot). LR1 explants are not included as they were not transferred to multiplication 
media. 

Explant type Explant ID Original 
number of 
explants 

Final 
number of 

shoots 

Multiplication 
rate (X) 

Whole flower buds AR1 4 5 1.25 

AR2 5 21 4.20 

AR3 6 14 2.33 

LR2 11 64 5.82 

LB I 12 11 0.92 

Total 38 115 3.03 

3.3.2.5 Explant source: Whole flower buds and floral scape sections 
(Experiment 2) 

3.3.2.5.1 Disinfestation and Initiation 

One month after explants were disinfested and placed in vitro, contamination levels 

were quite low. Only 4.8% of flower buds and 2% of floral scape sections were 

contaminated (Appendix 3.13). Some of the flower bud explants had also died (5.6% 

from floral scape 1 and 8.2% from floral scape 2), and the majority of these were 

dead because they had dropped off the pedicels. With the exception of explants from 

2(2) and 2(3), the dead flower buds were all from the older section of the floral 

scapes (Appendix 3.13). Sixty percent of the floral scape sections from scape 1, and 

48% from scape 2 were also dead. It was generally the older scape sections that died 

(no. 29 to no. 50 for scape 1, and no. 27 to no. 50 for scape 2 were all dead). 

However, there were also some younger sections from scape 1 that died, but none 

were below position no.16 (Appendix 3.13). 

3.3.2.5.1.1 Flower buds 

In terms of regeneration, 17% of flower bud explants from scape 1, and 19.2% from 

scape 2 had grown shoots (Table 3.65). Only 1 shoot was produced per bud for 21 of 
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these explants, while 2 explants each had 2 shoots developing. For the younger floral 

scape 1, shoots developed on bud explants originally from the youngest and oldest 

parts of the floral scape, and a few in between; while for the older scape 2, shoots did 

not develop on any explants below no. 4, and the majority of explants that produced 

shoots were from the oldest region (Table 3.65). Immature fruit were produced by 

64% of flower buds from scape 1 and 63% from scape 2 (Appendix 3.13). 

Table 3.65. The percentage of D. tasmanica flower bud explants (from each original position on 
the floral scape) that had regenerated shoots after growing on FBM for 1 month. 

Explant 
position 

Percentage of floral 
scape 1 explants that 
had produced shoots 

(%) 

Explant 
position 

Percentage of floral 
scape 2 explants that 
had produced shoots 

(%) 
1(1) 33.3 2(1) 0 

1(2) 100 2(2) 0 

1(3) 0 2(3) 0 

1(4) 25 2(4) 20 

1(5) 0 2(5) 16.7 

1(6) 16.7 2(6) 0 

1(7) 0 2(7) 11.1 

1(8) 0 2(8) 10 

1(9) 30 2(9) 45.5 

1(10) 14.3 2(10) N/A 

Total 17.0 Total 19.2 

3.3.2.5.1.2 Floral scape sections 

There was no regeneration from any of the floral scape sections at this time (one 

month after cultures were initiated). 

Floral scape 1 - the following explants were still green: 1(1) - 1(15) and 1(21); some 

explants were only partially green: 1(20), 1(22), 1(27) and 1(28). Explants 1(10) and 

1(15) were also contaminated. The rest of the explants from this floral scape were 

brown and dead. 
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Floral scape 2 - all explants were still green, except for: 2(27) - 2(50) which were all 

dead. 

Two months later (3 months after explants were placed in vitro), more of the flower 

bud explants had produced shoots (Table 3.66). Floral scape 1 had shoots developing 

from flower buds at all positions from the original scape except for 1(8), and the 

percentage of buds with shoot development had increased to 27.1%. Buds from 

below position 4 on floral scape 2 still had not developed any shoots, but the 

percentage of buds with shoots had increased for scape 2 (to 26.6%), particularly for 

the buds from the oldest part of the scape [2(9)] (Table 3.66). 

There was no further contamination of any flower bud explants, but more had died. 

The majority of dead explants were from the older positions on the scape for scape 2; 

while scape 1 had 4 dead from younger sections of the stem. A total of 9 buds from 

scape 1(17%) and 13 from scape 2 (17.8%) were dead (Appendix 3.14). 

All of the floral scape sections (from both scapes) were dead at this time, and none 

had shown any signs of regeneration. 

The percentage of explants that had produced shoots at this stage was similar for 

floral scape 1 and 2 (27.1% and 26.6% respectively). However, when each 

individual position from the scape was observed, differences did occur (Table 3.66). 

Pearson's Chi-Squared statistic showed that there were no significant differences 

between the percentage of flower buds that regenerated shoots from the different 

positions on scape 1. However, for scape 2, significant differences occurred (x 2 = 

22.4; p = 0.00). Interestingly, for the younger floral scape (scape 1) buds from the 

younger regions were generally more regenerative than those from the older regions 

(n.$); while for the older scape (scape 2), there was no regeneration from buds from 

the youngest regions; and the oldest region was the most responsive (Table 3.66). As 

such position 2(9) was the only one that was significantly different to other positions 

(Table 3.67). Flower buds from this position were significantly more regenerative 

than five other positions, including the youngest position 2(1). With the exception of 

position 1(2) in which 100% of explants produced shoots (but only 1 bud was used) 
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the most regenerative explants from scape 1 were from section 1(3); while for scape 

2 they were from 2(9) (Table 3.66). 

Table 3.66. The percentage of D. tasmanica explants (from each original position on the floral 
scape) that had grown shoots 3 months after placement on FBM in vitro. The 
percentages are based on the number of living explants that had produced shoots, and 
not on the original number of explants (some were lost due to death or contamination). 

Explant 
position 

Percentage of floral 
scape 1 explants that 
had produced shoots 

(%) 

Explant 
position 

Percentage of floral 
scape 2 explants that 
had produced shoots 

(%) 
1(1) 33.3 2(1) 0.0 

1(2) 100 2(2) 0.0 

1(3) 66.7 2(3) 0.0 

1(4) 25.0 2(4) 20.0 

1(5) 25.0 2(5) 16.7 

1(6) 16.7 2(6) 0.0 

1(7) 20.0 2(7) 14.3 

1(8) 0.0 2(8) 22.2 

1(9) 33.3 2(9) 63.2 

1(10) 14.3 2(10) N/A 

Total 27.1 Total 26.6 

Table 3.67. p-values for pairwise comparisons of percentage of D. tasmanica flower bud explants 
(from each original position on the floral stem) that regenerated shoots after growing 
on FBM for 3 months. Significant values (p <0.05) are highlighted. 

p-values 

Explant 2 3 4 5 6 7 8 	9 

1 1.00 1.00 0.29 0.30 1.00 0.30 0.21 

2 1.00 0.38 0.49 1.00 0.49 0.37 	0.05 

3 0.39 0.39 1.00 0.39 0.31 

4 0.89 0.20 0.75 0.89 	0.09 

5 0.20 0.89 0.79 	0.05 

6 0.30 0.17 

7 0.70 

8 
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Six months after flower bud explants were placed in vitro the mean number of 

shoots produced by explants was greatest for position 1(3) for floral scape 1 (Table 

3.68). This was the same position that had the highest percentage of explants that 

produced shoots for this scape. Scape 2 had the highest mean number of shoots 

produced by explants from 2(8) (10 shoots) (Table 3.68). This position had the 

second highest percentage of explants that produced shoots. Interestingly, the total 

mean number of shoots produced by each floral scape was the same (Table 3.68). 

Table 3.68. The total or mean number of shoots produced by D. tasmanica flower bud explants 
(from each original position on the floral scape) 6 months after placement on FBM in 
vitro. Mean values have standard errors included. 

Explant 
position 

Total or Mean no. of 
shoots produced by 

explants 

Explant 
position 

Total or Mean no. of 
shoots produced by 

explants 

1(1) 1.0 2(1) 0.0 

1(2) 2.0 2(2) 0.0 

1(3) 4.5 ± 1.5 2(3) 0.0 

1(4) 2.0 ± 1.0 2(4) 2.0 ± 0.41 

1(5) 2.0± 0.0 2(5) 1.0 

1(6) 1.0 2(6) 0.0 

1(7) 1.0 2(7) 1.0 

1(8) 0.0 2(8) 10.0 ± 2.0 

1(9) 2.7 ± 0.67 2(9) 2.0 ± 0.24 

1(10) 3.0 2(10) N/A 

Total 2.3 Total 2.3 

3.3.2.6 Somatic embryogenesis experiment 
Approximately 1 month after the D. tasmanica leaf segments were placed on the 

callus-inducing media, a small number of them appeared to be developing callus in 

all media treatments, in both light and dark conditions (Table 3.69). The highest 

number of leaf segments that appeared to be producing callus were growing on MS + 

5gM 2,4-D in both light and dark conditions, and MS + 101.tM 2,4-D in the dark 
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(Table 3.69; Appendix 3.15). The majority of leaf segments had turned brown in 

colour, with a small number still being green or partially green (Appendix 3.15). 

Approximately 3 weeks later (nearly 2 months after leaf segments were placed on the 

callus-inducing media), the number that actually did have callus was able to be 

ascertained in the majority of cases. Initial estimates were wrong for the MS + 5iaM 

2,4-D leaf segments, the actual number with callus was slightly lower than originally 

thought (Table 3.70). However, the original value was correct for the MS + 1011M 

2,4-D dark treatment, which was still the best treatment for inducing callus. The 

number of leaf segments that had produced callus had increased for some of the 

treatments (Table 3.70). 

At this time quite a few of the leaf segments with callus had roots and/or root hairs 

regenerating from the callus (Appendix 3.16) (Plate 3.17a). One leaf segment from 

the MS + 512M 2,4-D dark treatment had also regenerated a shoot (as well as roots 

with root hairs), and resembled a normal seedling (Appendix 3.16) (Plate 3.17b). 

This could possibly be from a somatic embryo that has germinated. 

Table 3.69. The total and mean number of D. tasmanica leaf segments with possible callus on 3 
different callus-inducing media in the light and the dark, after 1 month. 

Treatment Light Dark 

1. MS + 51-LM 2,4-D 

Total 7 7 

Mean 2.33 2.33 

2. MS + 1011M 2,4-D 

Total 1 7 

Mean 0.33 2.33 

3. MS + 201AM 2,4-D 

Total 1 3 

Mean 0.33 1.00 
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Table 3.70. The total and mean number of D. tasmanica leaf segments with  callus  on 3 different 
callus-inducing media in the light and the dark, after nearly 2 months. 

Treatment -  Iigbt Dark 

1. MS + 5p.M 2,4-D 

Total 5 5 

Mean 1.67 1.67 

2. MS + 101.1M 2,4-D 

Total 2 7 

Mean 0.66 2.33 

3. MS + 20gM 2,4-D 

Total 1 4 

Mean 0.33 1.33 

Plate 3.17. Dianella tasmanica somatic embryogenesis experiment. Note the 
development of roots with root hairs (see arrows) from callus (a), and a 
possible somatic "seedling" (see arrows) (b). Scale bars = 0.45 cm. 

Four months later, some of the leaf segments remaining on callus-inducing media 

(after the possible somatic "seedling" was transferred to MS) were still producing 

callus (Table 3.71). The MS + 10gM 2,4-D dark treatment still had the most that had 

produced callus, however, the MS + 51AM 2,4-D light and dark treatments only 
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differed from that treatment by 1 and 2 leaf segments respectively. A two-way 

ANOVA showed that there were no significant differences between treatments in 

regard to the mean number of leaf segments with callus after 6 months in vitro. At 

the 2 highest concentrations of 2,4-D, callus was produced on more leaf segments in 

the dark than the light (n.s; Table 3.71). 

There had been more regeneration from the callus at this time, with 1 more possible 

somatic "seedling" present (on MS + 10gM 2,4-D in the dark), and 1 lump of callus 

had regenerated a shoot (on MS + 101./M 2,4-D in the light) (Plate 3.18). 

Table 3.71. The total and mean number of D. tasmanica leaf segments with callus, on 3 different 
callus-inducing media, in the light and the dark, after approximately 6 months. 

Treatment Light Dark 

1. MS + 51AM 2,4-D 

Total 6 5 

Mean 2.00 1.67 

2. MS + 10gM 2,4-D 

Total 1 7 

Mean 0.33 2.33 

3. MS + 20gM 2,4-D 

Total 2 4 

Mean 0.66 1.33 

Five months after the callus was transferred to the new media for germination of 

embryogenic callus there had been no change in any of the leaf segments, so the 

experiment was terminated. In regard to the "somatic seedlings" that were 

transferred to MS media, the seedlings continued to grow healthily, and were again 

transferred to fresh MS media approximately 6 months later. 

258 



roe.  
lt fik,q, 	_ 

• eve! 
4 

Chapter 3. In vitro propagation of Liliaceae species 

Plate 3.18. Dianella tasmanica somatic embryogenesis experiment. Note the small 
shoot regenerating from the callus (Plate a) (see arrow), and the larger 
shoots (s) and root with root hairs (r) regenerating from callus (Plate b). 
Scale bars = 0.3 cm. 

3.3.3 In vitro propagation of Dianella revoluta var. revoluta 

3.3.3.1 Explant source: Whole flower buds 

3.3.3.1.1 Disinfestation and Initiation 

One month after explants were disinfested and placed in vitro, only 1 explant was 

contaminated (2.3%). At this time there was regeneration of callus from 2 explants 

(4.7%), but no shoot development. A large proportion of explants, especially from 

the Howrah 2 plant (92.3%), were dead (Table 3.72). 

Table 3.72. Observations of D. revoluta flower bud explants after one month  in  vitro. 

Explant Source Observations of explants 

Howrah 1 17 buds - 10 were still green, none had shoots (1 
had a lump of green callus); 6 had turned brown 

and were dead; 1 was contaminated. 

Howrah 2 26 buds - 2 were still green (1 had a lump of 
green callus); 24 were dead. 

Approximately 2 months later there had not been any regeneration of shoots or any 

other structures, and all explants were dead. 
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3.3.4 In vitro propagation of Dianella intermedia 

3.3.4.1 Explant source: Whole flower buds and floral scape sections 

3.3.4.1.1 Disinfestation and Initiation 

Six days after the explants were disinfested and placed in vitro, 9 of the floral scape 

sections were contaminated (no. 52 - 60). All of the flower buds were free of 

contamination. 

Two months after the explants were placed in vitro only 1 flower bud explant had 

produced a shoot (bud originally from position 2 on the stem), and the majority were 

producing immature fruit. Nine bud explants from the youngest and oldest regions of 

the stem were dead (Table 3.73). 

At this time, 2 floral scape section explants were developing shoots (no. 23 and 44), 

with those on no. 44 developing from the area where a bud explant had been 

removed). Three flower stem section explants were dead (no. 1, 5 and 13), and the 

rest were still green but had not changed. 

Table 3.73. Observations of D. intermedia flower bud explants after growing on FBM for 2 
months. 

Explant ID Flower buds 
1 6 explants - 2 had produced small blue fruit; 1 had an 

immature green fruit with a blue tinge; 3 were dead. 
2 2 explants - 1 had produced a shoot; 1 had an immature 

green fruit. 

3 2 explants - both were dead. 
4 2 explants - both had produced immature white fruit with a 

green tinge. 

5 3 explants - all had produced immature white fruit. 
6 2 explants - both had produced immature green fruit. 
7 2 explants - 1 had produced a blue fruit; 1 had produced a 

white fruit. 
8 3 explants - 1 had produced an immature green tinged 

fruit; 2 were dead. 
9 2 explants - both had produced immature green tinged 

fruit. 
10 2 explants - both were dead. 
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Approximately 6 months later all of the flower bud explants were either dead or 

contaminated. Only the 2 floral scape section explants that had produced shoots were 

still alive, the rest of these explants were also dead or contaminated. Section no. 23 

had produced 2 shoots, while no. 44 had 10 shoots. Only 1 other explant (no. 2) 

appeared to be starting to develop a shoot, but as it was contaminated and dead this 

could not be determined. 

3.3.5 In vitro propagation of Milligania densiflora 

3.3.5.1 Explant source: Root pieces 

3.3.5.1.1 Disinfestation 

The disinfestation procedure was successful, with none of the root explants showing 

any signs of contamination. However, the explants did not show any signs of growth 

or regeneration at all. Consequently, 8 months after the explants were placed in 

vitro, the experiment was concluded. 

3.3.5.2 Explant source: Shoot and leaf bases 

3.3.5.2.1 Disinfestation 

The disinfestation procedure was successful, with none of the explants becoming 

contaminated. However, within 20 days of placement in vitro all explants were 

dead. 

3.3.5.3 Explant source: Whole flower buds 

3.3.5.3.1 Disinfestation and Initiation 

Approximately 2 weeks after explants were disinfested and placed in vitro, 13.5% 

were contaminated. All of the contaminated explants were from stage 1-2, with the 

majority being on FBM (Appendix 3.17). 

Two weeks after placement in vitro there had not been any regeneration from 

explants. However, some of the flower buds had opened, either partially or 

completely, and all of the older buds on MS had turned brown (Appendix 3.18). The 
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ovaries of some of the explants, especially those from stage 1-2, had swollen and 

increased in size (Appendix 3.18). 

Approximately 1 month after explants were placed in vitro, the majority were 

expanding in size, and ovaries were still expanding (Appendix 3.19). Globular 

swellings had appeared at the base of the buds on some explants for all 

developmental stages and on both media types, but no regeneration of shoots had 

occurred (Appendix 3.19). Stage 1 explants on FBM appeared to be the most 

regenerative at this stage (83.9% of explants appeared to be starting to regenerate 

shoots) (Table 3.74). 

Table 3.74. The percentage of M densiflora whole flower bud explants (at 3 different 
developmental stages), that appeared to be regenerating shoots approximately 1 month 
after placement on MS and FBM. 

Developmental 
stage 

Percentage of explants that appeared to be 
regenerating shoots (%) 

MS FBM 

1 25 83.9 

1-2 75 43 

4 5.3 23.7 

One month later (2 months after explants were placed in vitro ), there had been no 

change to the growth or regeneration of the explants, but quite a few were dead and 

therefore discarded. All of the stage 4 explants were discarded, 18 explants from 

Stage 1 growing on FBM were discarded, while 1 explant from Stage 1-2 growing on 

MS and 27 explants from stage 1-2 growing on FBM were also discarded. 

Another month later (3 months after explants were placed in vitro ), 8 explants were 

developing green structures that appeared to be shoots, but it was still too early to be 

certain (Appendix 3.20) and more explants had died on MS media (Table 3.75; 

Appendix 3.20). Stage 1 explants growing on FBM still appeared to be the most 

regenerative, with 55.6% of the remaining explants possibly developing shoots 

(Table 3.75). A similar percentage of stage 1-2 explants appeared to be developing 

shoots on MS and FBM (Table 3.75). Due to the high proportion of explants that 
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died in this experiment and the uncertainty of whether the structures regenerating 

were definitely shoots, the results were not analysed statistically. 

Table 3.75. The percentage of the remaining M densiflora whole flower bud explants (at 3 
different developmental stages) that appeared to be regenerating shoots approximately 
3 months after placement on MS and FBM. 

Developmental 
stage 

Percentage of explants that appeared to be 
regenerating shoots (%) 

MS FBM 

1 N/A (all dead) 55.6 

1-2 14.5 10 

4 N/A (all dead) N/A (all dead) 

3.3.5.3.2 Multiplication 

At the time of transfer to the multiplication media (FBMM) there were 8 flower buds 

that appeared to be developing shoots. There was no further regeneration of shoots 

or any other structures from the flower buds on the multiplication media. Three 

months after they were transferred to this media all were dead. 

3.3.5.4 Explant source: Seeds 

3.3.5.4.1 Disinfestation and Initiation 

The results from the disinfestation procedure, in terms of the number of seeds that 

became contaminated have already been described in Chapter 2 (Section 2.3.1.3.3.1). 

The number of seeds that germinated in each of the treatments, and the number of 

seedlings that germinated and later died have also been described (see Chapter 2, 

sections 2.3.1.3.3.2 and 2.3.1.3.3.3). There were 66 seedlings that germinated and 

survived to the multiplication stage, and 65 of these were used for the multiplication 

media experiment. 

3.3.5.4.2 Multiplication 

The one-way ANOVA showed that there were significant differences between the 

mean number of shoots on multiplication media treatments (Table 3.76). The best 

shoot proliferation occurred on seedlings grown on 1/2 MS + 81AM BAP, which was 
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significantly higher (7.2 times higher) than the control (Fig. 3.18) (Table 3.77). 

Seedlings grown on 1/2 MS + 321.1M BAP also produced a high mean number of 

shoots, which was significantly different to the control and 1/2 MS + 0.51AM BAP 

(Table 3.77). The mean number of shoots produced by the control treatment (1.08) 

was significantly lower than all other treatments, except for the lowest concentration 

of BAP (0.51AM) (Table 3.77). Although the mean number of new shoots was quite 

high for seedlings grown on the two highest concentrations of BAP, there was a 

decreasing trend in the number of new shoots produced (Fig. 3.18), with seedlings 

growing on the highest concentration (128gM BAP) producing a significantly lower 

mean shoot number than 81.tM BAP (Table 3.77) and lower, but not significantly 

different to 321AM BAP (Table 3.77). Some of the shoots on 1/2 MS + 12811M BAP 

were also slightly vitrified. 

Table 3.76. One-Way Analysis of Variance for mean number of shoots  produced  by M 
densiflora seedlings on multiplication media. 

Source Sum of Squares Df Mean Square F-Ratio P-value 

A: Between Treatments 598.769 4 149.692 37.471 0.000 

B: Within Treatments 239.692 60 3.995 

TOTAL 838.462 64 

Figure 3.18. The effect of the cytokinin BAP on the mean number of new shoots produced by M 
densiflora seedlings grown on the media for 3 months. 
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Table 3.77. Tukey's HSD test groupings of M densiflora multiplication media treatments 
(Method: 95.0 percent HSD). Values followed by the same letter are not significantly 
different (p = 0.05). 

Treatment Mean 

1. 1/2 MS (Control) 1.08 a 

2. 1/2 MS + 0.5pM BAP 2.31a 

3. 1/2 MS + 81.iM BAP 8.92c 

4. 1/2 MS + 321AM BAP 7.77 bc 

5. 1/2 MS + 128pM BAP 5.69 b 

After 3 months growth on the multiplication media a number of seedlings had died in 

all of the treatments. Pearson's Chi-squared statistic showed that there were 

differences between treatments in respect of the percentage of seedlings that died (x 2  

= 14.0; p = 0.01). The number of dead seedlings was quite low for the majority of 

treatments, but was highest in the two treatments containing the highest 

concentrations of BAP (3211M and 1281.1M) (Fig. 3.19). At the highest BAP 

concentration nearly half of the seedlings died, while seedlings survived the best on 

the control treatment (Fig. 3.19). Survival was also quite high for seedlings growing 

on the treatment that had the highest shoot multiplication (1/2 MS + 81.IM BAP). The 

1/2 MS + 128AM BAP treatment had a significantly higher proportion of dead 

seedlings than all other treatments, with the exception of 1/2 MS + 3211M BAP 

(Table 3.78). 

When all aspects were considered, 1/2 MS + 8RM BAP was the best media for shoot 

multiplication. One hundred percent of seedlings produced shoots, the mean number 

of new shoots produced was the highest of all treatments, and the survival of 

seedlings was also quite high. 
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Figure 3.19. The percentage of M densiflora seedlings that produced shoots on multiplication 
media, and the proportion that later died. 

Table 3.78. p-values for pairwise comparisons of percentage of dead seedlings for M densiflora 
multiplication media treatments in vitro, using Chi-Squared tests. Significant values (p 
<0.05) are highlighted. The treatments are listed in Table 3.77. 

3.3.5.4.3 Rooting 

Shoots from all of the initial multiplication media treatments grew roots on a 1/2 MS 

+ 1 g1: 1  AC media. Roots began to develop within 3 weeks of placement on the AC 

media, and 78.2% of shoots had grown roots after 8 weeks (Table 3.79). Pearson's 

Chi-squared statistic showed that there were differences between treatments in 

respect to the percentage of shoots that produced roots after transfer to AC medium 

(x2  = 12.8; p = 0.01). The percentage of shoots that grew roots was higher for shoots 

initially grown on the lower, or zero (control), concentrations of BAP (Table 3.79). 
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However, nearly all treatments had > 79% of shoots with roots, with  the  exception of 

those initially grown on 1/2 MS + 12811M BAP, where only 60% of shoots grew 

roots (Table 3.79). This treatment produced a significantly lower percentage of roots 

than all other treatments, with the exception of the control (Table  3.80). 

Table 3.79. The number of M densiflora shoots transferred to MS + 1 0: 1  AC media and the 
number (and percentage) that subsequently grew roots. 

Initial multiplication 
media treatment 

No. of shoots 
transferred to 

AC media 

No. of shoots 
that grew 

roots 

Percentage of 
shoots that 

grew roots (%) 
1. 1/2 MS (control) 13 11 84.6 

2. 1/2 MS + 0.511M BAP 26 24 92.3 

3. 1/2 MS + 81AM BAP 92 75 81.5 

4. 1/2 MS + 321.1M BAP 72 57 79.2 

5. 1/2 MS + 128pM BAP 45 27 60.0 

Total 248 194 78.2 

Table 3.80. p-values for pairwise comparisons of percentage of shoots that produced roots, after 
transfer to AC medium, for M densiflora multiplication media treatments in vitro, 
using Chi-Squared tests. Significant values (p < 0.05) are highlighted. The treatments 
are listed in Table 3.79. 

p-values 

Treatment 2 3 4 5 

1 0.43 0.76 0.65 0.10 

2 0.18 0.13  

3 0.71 0.01 

4 0.03 sii..1.aaa.aa.. 

3.3.5.4.4 Transplanting 

One month after transplanting 173 of the 194 plantlets (89.2%) had survived, and 

appeared to be healthy. The majority of dead plantlets had rotted, apparently due to 

fungal attack. Two months later, some more plantlets had died (again mainly due to 

rotting from fungal attack); however, the survival was generally good, with 75.3% of 

the total transplants still alive and growing well. 
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3.4 Discussion 
In vitro propagation was achieved for all Liliaceae species studied. Successful 

protocols were devised for disinfestation, shoot initiation and multiplication, rooting 

and transplanting to ex vitro conditions. 

Not all explant types investigated were suitable for all species, with the major 

problem generally being contamination at the disinfestation stage. Meristem regions 

originating underground, such as the corm pieces of Blandfordia punicea and 

rhizome pieces of Dianella tasmanica were more difficult to disinfest than the 

immature floral explant types that originated above ground. 

A MS (Murashige and Skoog, 1962) or 1/2 MS medium was generally suitable for 

growth of all Liliaceae species studied. 

3.4.1 In vitro propagation of Blandfordia punicea 

3.4.1.1 Explant source: Corm pieces 
Corm pieces were found to be unsuitable initial explants due to problems with 

contamination. A complex disinfestation procedure in which bulbs were scrubbed 

clean, placed under running water and subjected to sterilisation with ethanol, a strong 

4% Na0C1 solution, 0.07% mercuric chloride, and finally a fungicide solution, was 

still not enough to prevent all explains from becoming covered by fungal 

contaminants within 3 months of placement in vitro. This indicates the difficulties 

involved when using underground plant parts, especially from field-collected 

material, for initiating cultures. Geophytic species are notoriously difficult to 

establish in culture due to high levels of contaminants (George, 1996). 

The procedure used to try to disinfest Blandfordia punicea corms had been 

successful to some degree with Narcissus and Lilium bulbs (personal observation); 

however, although some clean explants were obtained, contamination rates were still 

very high. Shoot tips of Blandfordia grandiflora were also quite difficult to 

disinfest (60% were contaminated) even after field-collected plants were grown 

under glasshouse conditions before use (Johnson and Burchett, 1991). 
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The successful disinfestation of immature floral explants with a much simpler 

procedure means that the use of corm pieces would not be worth pursuing. 

3.4.1.2 Explant source: Whole flower buds 
Immature flower bud explants were found to be an excellent initial explant source for 

in vitro propagation of Blandfordia punicea. A simple disinfestation procedure was 

very efficient at removing any contaminating microorganisms from the surface of the 

explants, with only 1.5% of explants showing any sign of contamination. This shows 

the comparative ease of surface sterilising above-ground material to below-ground 

meristematic areas, such as the corm pieces in the previous experiment. The use of 

immature material also ensures that contamination rates will be minimal compared to 

other, more mature tissues (Smith, 2000). Flower bud explants of another native 

monocot, Doryanthes excelsa, were also quite easy to disinfest. Only 3% of explants 

treated for 15 minutes in a 1% (v/v) Na0C1 solution later became contaminated 

(Smith, 2000). 

The flower bud initiation media (FBM) used for shoot initiation from Blandfordia 

grandiflora flower buds (Bunn and Dixon, 1997) was also suitable for B. punicea. 

Flower buds on this media grew and regenerated shoots significantly more efficiently 

on this media than the MS. This increase in regeneration was most likely due to the 

PGRs present in this media. The fact that many explants on MS media not only 

showed no regeneration, but also died, suggests that the concentration of nutrients in 

the MS, compared to the 1/2 MS in the FBM, was deleterious to the explants. As 

mentioned previously, B. punicea naturally inhabits nutrient poor soils (Kirkpatrick, 

1997) and therefore is probably better suited to growth on 1/2 MS. B. punicea 

seedlings also had a higher survival rate on 1/2 MS, compared to MS (see Chapter 2, 

section 2.3.1.1.3). MS media has also been found to detrimentally effect the 

development of other Australian native species in vitro (Meney and Dixon, 1995a,b). 

However, B. grandiflora has been grown successfully in vitro using MS (Johnson 

and Burchett, 1991). 

In this experiment, flower buds were divided into different stages of development (1- 

4), with stage 1 being the largest, most mature buds, stage 4 being the smallest and 
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youngest, and stages 2 and 3 being intermediate. When grown on FBM, the older 

more mature buds (stage 1) were found to be the least regenerative, in terms of the 

percentage of explants that developed shoots, and the intermediate stage 2 buds were 

the most regenerative (however, differences between stages were not significant). It 

was interesting that the most regenerative explants on FBM (stage 2) were also the 

only developmental stage that regenerated shoots on MS, although the percentage of 

explants that did so was significantly lower than those on FBM. This shows that at 

this stage of development tissues are highly regenerative and a small percentage can 

develop shoots without the presence of any PGRs in the media. Other ornamental 

Liliaceae genera have also proven to be highly regenerative in vitro. Plantlets have 

formed directly on young inflorescence stem explants of Muscari and Ornithogalum 

without the presence of any PGRs in the media (Hussey, 1975b). 

The fact that the older more mature flower buds did not appear to be as highly 

regenerative as the intermediate stages can probably be explained by the fact that 

younger tissues will generally regenerate better than older, more mature tissues 

(Hartmann and Kester, 1983). The importance of the developmental stage of 

explants when initiating cultures has also been noted by Debergh and Read (1991) 

and Lilien-Kipnis (2000). The more regenerative intermediate stages of bud 

development (2 and 3) also began to develop shoots sooner than the oldest (stage 1) 

and youngest (stage 4) buds; which also shows the importance that developmental 

stage can have on explant performance. In a commercial situation speed can be a 

crucial factor. 

B. punicea flower buds regenerated up to 20 adventitious shoots per explant, with a 

mean of 13.2 shoots per explant for buds at stage 3 of development (which was the 

best developmental stage in terms of number of shoots produced). This compares 

well to the results for B. grandiflora, where up to 17 shoots arose per flower bud 

explant, with a mean of 10.5 (Bunn and Dixon, 1997), showing that the two species 

respond similarly on FBM. Unfortunately, these authors did not distinguish between 

different developmental stages of the flower buds that they used, so it is not known 

whether any differences in regenerative capacity were noticed in their study. 
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The initiation of shoots appeared to be direct from the perianth or external ovary 

tissue, and not from ovules, in both the present and Bunn and Dixon's (1997) study, 

again showing that B. grandiflora and B. punicea behave similarly in vitro. 

Interestingly, even though stage 1 explants were the least regenerative in terms of the 

percentage of explants that developed shoots, the mean number of shoots produced 

per explant was nearly as high as the most regenerative stage 3 buds. Therefore, 

although the stage 1 explants only had a low percentage of explants that developed 

shoots, the number of shoots produced by explants was actually quite high, 

suggesting that individual explants at this stage of development had a high capacity 

for regeneration. In contrast, the mean number of shoots produced by the youngest 

stage 4 flower buds was significantly less than that of the stage 1 and 3 explants. 

This may have been due to the smaller size of these buds, where the number and size 

of sites available for shoot regeneration was reduced. Explant size has been 

described as another important factor in the subsequent success of tissue cultures 

(Debergh and Read, 1991). 

Shoots that developed on B. punicea flower buds were successfully multiplied on the 

same media used for shoot multiplication of B. grancliflora by Bunn and Dixon 

(1997). B. grancliflora shoots multiplied approximately 2-fold per culture period of 

5-6 weeks (Bunn and Dixon, 1997), which was similar to the average multiplication 

rate (2.6-fold) for flower buds of B. punicea in the present study. However, the 

shoots originally grown from different stages of flower bud development had 

different multiplication rates, which appeared to be influenced by the original explant 

developmental stage. An average of 4.7 shoots/original shoot were obtained from the 

shoots originally from stage 3 flower buds (which also had the highest mean number 

of shoots on the initiation media); and the lowest average of 1.4 shoots/original shoot 

was obtained from stage 4 shoots, which also had the lowest initial number of shoots 

produced. This result reiterates the importance of using initial explants at the correct 

stage of development. 

A final multiplication rate was determined for the 9 months that shoots were in 

culture (on FBMM). This figure did not take into account any losses due to death or 

contamination or the proportion of explants that didn't develop shoots; rather it was 
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merely a factor of the final number of shoots obtained from the original number of 

explants used. Again, the stage 3 buds had the highest multiplication rate of 37.1x, 

which was a 6.7-fold and 12-fold increase above the rates achieved by stage 1 and 4 

explants respectively. This again shows the importance of using the correct 

developmental stage, and also of using as many initial explants as possible - 48 stage 

3 buds were used compared to only 14 from stage 4. If only a small number of initial 

explants are used, and only a small proportion develop shoots, it can take much 

longer to increase shoot numbers than if more explants had been used initially. 

Unfortunately, in this experiment the number of explants was limited to those 

available at each developmental stage. 

A high percentage (93%) of shoots also developed roots after approximately four 

months on the multiplication media, which negated the need for a separate rooting 

media stage. This was in contrast to the results for B. grandiflora in which shoots 

were transferred to a basal 1/2 MS for root induction (Bunn and Dixon, 1997). The 

percentage of B. grandiflora shoots that grew roots was less than B. punicea in the 

current experiment (93% compared to the 50% of B. grandiflora shoots). It is likely 

that the B. punicea shoots (on multiplication media) grew roots when the nutrients 

and/or PGRs in the media became depleted. The four month period that it took for 

roots to start growing supports this theory. It is possible that the B. grandiflora 

shoots may also have grown roots on the multiplication media had they remained on 

it for as long as the B. punicea shoots, instead of being transferred to new media 

every 5-6 weeks. As B. grandiflora shoots started to grow roots after only 4 weeks 

on the rooting media, it would most likely be more efficient (time wise) to transfer B. 

punicea shoot explants to rooting media rather than leaving them on the 

multiplication media to grow roots. Other negative aspects of leaving the shoots on 

media for so long would possibly be a lack of vigour and poorer shoot health due to 

the lack of nutrients available. 

The rooted B. punicea plantlets established readily in the pasteurised potting 

medium used successfully for establishment of B. grandiflora plantlets (initiated 

from shoot tips) by Johnson and Burchett (1991), with no losses one month after 

transplanting. Only minimal losses were reported for B. grandiflora transplants 
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initiated from both shoot tips (Johnson and Burchett, 1991) and flower buds (Bunn 

and Dixon, 1997); so again, results were similar for both species. It should be noted 

that 3 months after transplanting, 14% of the B. punicea plants had died. Those that 

died had rotted, and this was most likely due to fungal attack after over-watering. 

Therefore, the correct watering regime in which plants receive enough to prevent 

them from dehydrating but not so much that they become waterlogged is crucial to 

the survival of B. punicea transplants. 

The results from this experiment show that immature flower buds are an excellent 

initial explant source for micropropagation of Blandfordia punicea. The 

disinfestation procedure is relatively quick and simple, and most importantly, highly 

successful compared to the often high contamination rates associated with initiating 

cultures from basal vegetative explants of geophytic species (George, 1996; Bunn 

and Dixon, 1997; Ziv and Lilien-Kipnis, 2000). Immature flower buds are also 

highly regenerative, with a large number of shoots obtained directly from explants in 

a relatively short time. This was also found in studies using inflorescences of date 

palms, where many hundreds of clones were obtained from a single inflorescence 

(Loutfi and Chylah, 1998). The use of immature floral explants may also be 

advantageous for rare or threatened species or populations, in that this explant type 

can be removed from the parent plant with minimal disturbance to both the plant 

itself (Amomarco and Ibanez, 1998) and the surrounding environment. Another 

advantage is that the recalcitrance of some species in vitro can often be overcome 

when inflorescence parts are used (Verdeil etal., 1994). There are also advantages of 

using explants from mature plants, as the plants' attributes, such as size and flower 

colour are already known (Bunn and Dixon, 1997). 

3.4.1.3 Explant source: Whole flower buds, floral scape sections and 
pedicel/peduncle junctions 

In a comparison between different immature floral explant types, pedicel/peduncle 

and floral scape section explants were found to be an even better initial explant 

source than flower buds (at 5 different stages of development) for B. punicea. 

Pedicel/peduncle and peduncle (floral scape) explants have also been found to be 
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highly regenerative for a range of other geophyte species, including Ornithogalum 

dubium and Hyacinthus orientalis (Ziv and Lilien-Kipnis, 2000). 

The disinfestation procedure used in the previous flower bud experiment was also 

successful for all explant types in the current experiment, with no contamination 

present after 1 month in vitro. This again shows the relative ease of disinfestation of 

immature above-ground explants. 

Pedicel/peduncle and floral scape explants were initially more regenerative than 

flower buds. Within 1 month of cultures being initiated 100% and 60% of these 

explants (respectively) had begun to develop bulbous structures that were the start of 

shoot development. The flower bud explants were much slower, with only low 

percentages of explants showing any regeneration from the older stage 1 and 2 buds 

(40% and 28.6% respectively), and no regeneration at all from the younger stage 3-5 

explants. In the previous experiment, the intermediate flower bud stages (2 and 3) 

began to develop shoots sooner than the oldest and youngest stages. However, it is 

possible that the developmental stages in these experiments do not exactly 

correspond to each other in terms of explant physiological age. Those at stage 1 in 

this experiment may in fact be less mature than the stage 1 explants in the previous 

experiment. 

Flower buds at stage 2 of development appeared to be the most regenerative of the 

flower bud explants after 1.5 months in vitro. Stage 2 buds were also the most 

regenerative in the previous experiment; however, those buds took 3 months longer 

to reach a similar percentage of explants with shoots in that experiment. 

The speed of regeneration that occurred on floral scape and pedicel/peduncle 

explants in comparison to the flower buds is shown by the fact that after only 1.5 

months on FBM, shoots were large enough to be counted on the former explant 

types, while the latter were too small to be counted. The mean number of shoots per 

explant was already quite high, and was in fact higher for floral scape sections than 

that obtained from stage 3 bud explants in the previous experiment after 3 more 

months on the initiation media. 
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The youngest buds at stages 4 and 5 of development did not start to regenerate shoots 

until 2.5 months after stages 1 and 2 did. A similar result occurred in the initial 

flower bud experiment, in which the youngest buds (stage 4) also did not begin to 

develop shoots until approximately 2 months after the intermediate stages. However, 

in that experiment, the oldest (stage 1) buds also took longer than the intermediate 

stages. The discrepancy in results for stage 1 buds can again be explained by the fact 

that developmental stages may not exactly correspond in both of these experiments, 

and it appears likely that the stage 1 buds in the previous experiment were older than 

the stage 1 buds in the current experiment. As the youngest buds took longer to start 

regenerating shoots in both experiments, this shows definite differences in 

regenerative ability that may be due to explant size as well as age. This reiterates the 

importance of using the correct developmental stage of explants for initiating 

cultures. In a commercial situation, provided the number of buds was not limited, it 

may be more efficient to use only the intermediate and oldest stages of bud 

development to initiate cultures. 

Shoots growing on floral scape and pedicel/peduncle explants were large enough to 

be subcultured 1.5 months earlier than the flower bud explants, which again shows 

the faster rate of regeneration of these explant types. At the time of transfer to 

multiplication media (4 months after cultures were initiated), 100% of the floral 

scape and pedicel/peduncle explants had regenerated shoots, with a mean of 12.4 and 

10.3 shoots per explant, respectively. As many as 21 shoots arose from floral scape 

section explants and 14 from pedicel/peduncles. These results were similar to those 

produced by stage 3 flower buds in the previous experiment, and those of B. 

grandiflora flower buds (Bunn and Dixon, 1997). Ornithogalum dubium floral 

stem (peduncle) section explants and Hyacinthus orientalis pedicel/peduncle 

junction explants also regenerated similar numbers of shoots to those obtained from 

B. punicea (25 and 12 respectively) (Ziv and Lilien-Kipnis, 2000). When flower bud 

explants were transferred to multiplication media 1.5 months later, the mean number 

of shoots per explant was significantly lower for flower buds collectively than the 

other floral explants. Therefore, the pedicel/peduncle and floral scape section 

explants were more regenerative both in terms of rate of regeneration and the number 
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of shoots produced. This may be due to a larger surface area being available for 

shoots to regenerate from, on the cut surface of the pedicel/peduncle and floral scape 

sections compared to the flower buds, which do not have any cut surfaces at the 

regions where shoots regenerated from. 

The percentage of flower bud explants that regenerated shoots at each developmental 

stage was higher for stage 1 and 2 explants than in the previous experiment (100% 

for both, cf. 37% for stage 1 and 73.3% for stage 2) and very similar for stages 3 and 

4 (66.7% cf.. 66% for stage 3; and 55.6% cf.. 57.1% for stage 4). Therefore, with the 

exception of stage 1, the other developmental stages had very similar regenerative 

capacities in both experiments, suggesting that these developmental stages may 

actually correspond well in terms of explant maturity. It also shows that the 

regenerative capacity of these developmental stages is quite constant. 

The mean number of shoots produced by explants at each developmental stage was 

lower in the current experiment [for the three stages used in both experiments (stages 

1, 3 and 4)], than the previous one. Stage 4 buds produced results that were the most 

similar (an average of 3.6 shoots per explant in the current experiment cf. 5.1 for the 

previous one), while less than half the number of shoots produced by stage 3 buds in 

the previous experiment were produced from the same developmental stage in this 

experiment. The mean number of shoots was also reduced for stage 1 buds (6.8 

shoots/explant in this experiment cf. 11 for the previous one). It is not known why 

shoot numbers were reduced in the current experiment, but it may have been due to 

individual explant differences in regenerative ability. The number of explants used at 

each developmental stage was also only small in the current experiment and therefore 

the results may not have been as representative as those from the first experiment, 

where much higher explant numbers were used. As the initial results were also very 

similar to those obtained for B. grandiflora (Bunn and Dixon, 1997) it is likely that 

they were more accurate than those in the current experiment. 

A general trend of increasing mean number of shoots per explant with increasing age 

of flower bud explants was noted in this experiment and also in the previous one 

(with minor aberrations). Therefore, it appears that the older explants are more 

regenerative than the younger explants in terms of number of shoots produced, and 
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this may be a factor of explant size as well as age. Smaller explants may have 

smaller areas available for shoot regeneration and therefore may not physically be 

able to produce as many shoots as the larger more mature explants. 

The initial explant type did not appear to influence the subsequent multiplication rate 

on FBMM for floral scape and pedicel/peduncle explants, as results were 

dramatically reduced after growth on FBMM for 3 months. Only a small range in 

mean number of new shoots/shoot (3.57-4.67) was observed for shoots from all 

original explant types and stages of development. Together these results suggest that 

once the shoots are removed from the original explant type they behave similarly due 

to the influence of the PGRs in the multiplication media and are no longer influenced 

by the regenerative capabilities of the initial explant. However, it should also be 

noted that, with the exception of stage 5 buds which doubled their mean shoot 

number (after growing on FBMM for 3 months) compared to the value on FBM, a 

similar pattern of increasing mean number of shoots with increasing initial explant 

age was still noticed (with minor aberrations). Shoots originally from Stage 1 

explants still had the highest shoot number; and an almost identical number of new 

shoots were produced by shoots originally from stage 2, 3 and 4 explants. Therefore, 

as originally noted in the first flower bud experiment, the original regenerative 

capacity of flower bud explants may in fact influence subsequent multiplication rates. 

This kind of information would be important for commercial micropropagation 

purposes as the shoots from individual explants that were highly regenerative could 

be selected for further multiplication, thus ensuring that multiplication rates would be 

the highest possible. 

The final multiplication rates achieved by explants (the final number of shoots 

obtained divided by the original number of explants) after 7 months in vitro were 

highest for the pediceUpeduncle and floral scape sections (36.3x and 36.1x 

respectively). The rate achieved by these explant types was comparable to that of 

stage 3 flower buds in the previous experiment after 9 months in vitro (37.1x). 

However, in the current experiment only stage 1 buds had quite a high multiplication 

rate (22.4x) and the result for flower buds collectively was nearly 3x lower than those 

of the other explant types. The original number of explants used was quite similar 
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for flower buds (total) as floral scape sections, but the final number of shoots 

produced was 2.5x greater for floral scapes. As the multiplication rates on FBNIM 

were similar for shoots originally from these explant types, this again shows how 

much more regenerative floral scape explants were initially, and the importance that 

this can have on the time required to dramatically increase shoot numbers. As only 4 

original pedicel/peduncle explants were available, the high multiplication rate (36.3x) 

achieved by these explants shows that very high shoot numbers could have been 

obtained had more explants been used initially. It also highlights the significance of 

this result to conservation of endangered species, as only very small original explant 

numbers can still yield large numbers of shoots, thus reducing the impact and 

increasing the survival chances of rare and endangered plants. 

The differences in multiplication rates achieved by shoots originally from flower bud 

explants again highlight the importance of using the correct developmental stage at 

the time of culture initiation. The most immature buds would not be worth using in a 

commercial situation as their multiplication rate was so low (5.0x) compared to the 

more mature buds. 

This experiment has revealed two novel immature floral explant sources for 

micropropagation of B. punicea, and compared them to a similar explant type. Floral 

scape and pedicel/peduncle explants were found to be superior explant types to 

immature flower buds. They are equally as easy to disinfest and are highly 

regenerative, beginning to regenerate shoots earlier and in higher numbers than those 

produced by flower buds at all stages of development. 

3.4.2 In vitro propagation of Dianella tasmanica 
A complete micropropagation procedure was developed for D. tasmanica using 

rhizome pieces (possessing a dormant bud) as the initial explant source. A complex 

disinfestation method was devised, the best multiplication and rooting media were 

determined and rooted plantlets were successfully transplanted to ex vitro conditions. 

Due to the contamination problems associated with the underground rhizome 

explants, immature floral explants were also tried. Flower bud and floral scape 
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section explants were easier to surface sterilise, with only low contamination rates 

occurring. Flower buds were quite regenerative, but scape sections were somewhat 

unpredictable. Somatic embryogenesis was also investigated as a more rapid method 

for in vitro propagation of D. tasmanica. Preliminary results from this experiment 

were promising, but further investigation is required. 

3.4.2.1 Explant source: Rhizome pieces 

3.4.2.1.1 Disinfestation and initiation 

A complex disinfestation procedure was required to surface sterilise the rhizome 

pieces. However, even such an involved procedure was still not enough to remove 

contaminants from all explants, with approximately 27% initially becoming 

contaminated. Contamination problems also appeared when intact rhizome explants 

had been transferred to the multiplication media, which showed that the 1 week 

screening period for contamination (on a basal MS medium) was not long enough. 

Perhaps a 3 week screening period would have ensured that any explants with 

contaminating microorganisms still on their surfaces were removed from the 

experiment. Due to the nature of the explant material - being field-collected and 

from underground regions of the plants, and the notoriety of using such material from 

geophytic species (George, 1996), contamination problems were expected. However, 

they could be minimised by using only the youngest rhizomes that were fresh and 

exhibiting new growth (white to pale yellow in colour) (Sward, 1995). 

Rhizome explants grew well on MS, which has also been used successfully for 

growing other native monocots in vitro including Blandfordia grandiflora (Johnson 

and Burchett, 1991) and Thysanotus (Johnson, 1997). Without the addition of any 

PGRs shoots grew from the dormant buds, but no multiplication was observed. This 

showed that MS was suitable for growth and development of D. tasmanica rhizome 

explants. 

3.4.2.1.2 Multiplication 

BAP was a suitable cytokinin to use for shoot multiplication, with all concentrations 

tested (0.5, 8, 32 or 1281AM) increasing the mean number of shoots produced 
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compared to the control (although not significantly). The highest mean number of 

shoots was produced by explants growing on MS + 321.J.M. In a similar experiment 

with Blandfordia grandiflora (Johnson and Burchett, 1991) a similar number of new 

shoots was produced by shoots growing on this treatment to the D. tasmanica 

explants in the current experiment (approximately 4.5 shoots for Blandfordia cf. 5.7 

for Dianella). However, in the Blandfordia experiment this result was the lowest 

number of shoots produced, not the highest (Johnson and Burchett, 1991). 

There were no general trends of increasing shoot number with increasing 

concentration of BAP in the media. In fact, explants growing on the highest and 

third highest concentrations (128p.M and 81AM) actually produced a lower mean 

number of shoots than the lowest concentration (0.51.1M). In the Blandfordia 

experiment there was an increase in the mean number of shoots between the two 

lowest concentrations of BAP (0.51AM and 21.1M). Above the 21.1M concentration, the 

number of shoots decreased with increasing BAP concentration in the media 

(Johnson and Burchett, 1991). In both experiments the highest concentration of BAP 

actually produced a lower mean shoot number than the lowest concentration. The 

second highest concentration (321AM) also produced a lower mean number of shoots 

than the lowest concentration (0.5pM) for Blandfordia. The highest concentration 

may have been detrimental to the health of the explants, causing them to produce less 

shoots. This was the case for Blandfordia grandiflora where the highest BAP 

concentration (1281.LM) caused all of the shoot explants to die (Johnson and Burchett, 

1991). In that study the two highest concentrations of kinetin (321.1.M and 1281./M) 

also killed the shoot explants. 

The reason for the MS + 81.1.M and MS + 128uM treatments not performing as well as 

the other treatments may also have been due to the contamination problems and/or 

poor survival of explants that particularly affected both of these treatments. There 

did appear to be a link between explant survival and shoot number, with the best 

treatments in terms of survival also being those that produced the most shoots (MS + 

0.51.1M and MS + 3211M BAP). 

After the shoots on multiplication media had been subcultured twice, the mean 

number of new shoots had increased for all treatments (with the exception of MS + 
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0.511M). This increase may have been due to the actual subculturing process, 

whereby the cut surfaces on the shoots could more readily absorb the cytoldnin in the 

media, or perhaps there was a carry-over of cytokinin in the medium such that the 

concentration increased, in turn increasing the number of shoots produced. The mean 

number of shoots was still greatest on the MS + 3212M BAP treatment (and 

significantly higher than all other treatments, with the exception of MS + 12811M 

BAP), showing that this treatment was the best for shoot multiplication of D. 

tasmanica. The number of new shoots produced by shoots on this treatment (11.1) 

was higher than that produced by B. grandiflora on this species' best multiplication 

treatment (approximately 9.8 on MS + 2p,M BAP). Although the D. tasmanica 

shoots growing on MS + 128pM BAP also produced a high number of shoots, many 

of these shoots were vitrified and callus was also observed. Vitrification, or 

hyperhydricity, is a problem in tissue cultures as it causes poor cuticle development, 

non-functioning stomata and a lack of organisation of the mesophyll tissue which 

prevents photosynthesis, thus impeding the growth of cultures (Johnson, 1996b). 

When vitrified plantlets are transplanted to ex vitro conditions they will collapse and 

die (Stewart, 1999b). A high cytokinin concentration in the media, like the 12811M 

concentration used in this experiment, is a contributing factor to vitrification 

(Johnson, 1996b). The presence of callus in a micropropagation system is not 

recommended as callus tissue is often associated with somaclonal variation (Dodds 

and Roberts, 1985; Stewart, 1999b). High cytokinin concentrations are also known 

to cause the development of callus (Debergh and Read, 1991; Taji et al., 1992). 

Therefore, such a high concentration should be avoided for shoot multiplication of D. 

tasmanica. 

The mean shoot length of explants in each multiplication media treatment was 

measured weekly for 37 days. In this time the most rapid growth rate and the longest 

shoots were attained by treatments with low (0.5p.M) or no BAP in the media, with 

the exception of the MS + 32pM treatment, which had the 2nd highest shoot length. 

Explants growing on the relatively high concentration of 8pM BAP had the shortest 

shoots and the slowest growth rate; and those on the highest concentration also grew 

shoots that were quite short. However, none of the treatments were significantly 
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different to each other. Similar results were noted in the B. grandiflora experiment 

where the longest shoots grew on the 0.511M BAP treatment and the higher 

concentrations had shorter shoots. These results were expected as higher 

concentrations of cytolcinin cause shoots to branch and terminal growth is inhibited; 

whereas at the lower concentrations the terminal growth is not inhibited and no 

branching occurs (Hartmann and Kester, 1983). 

3.4.2.2 Explant source: Subcultured shoots 

3.4.2.2.1 Multiplication 

When subcultured shoots were grown on multiplication media, the addition of BAP 

to the media also increased the mean number of shoots per original shoot compared 

to the control. Unfortunately, due to limited shoot numbers, the MS + 3211M BAP 

treatment, which was the most successful in the previous experiment, was not 

included. 

There was an increase in the mean number of shoots with increasing BAP 

concentration in the media, up until the 811M treatment, which had the highest 

number of shoots. The mean number of new shoots produced by shoots growing on 

this treatment was significantly different to all other treatment means. As was also 

the case with intact rhizome explants and B. grandiflora shoot explants (Johnson 

and Burchett, 1991), the highest concentration did not produce the highest number of 

shoots. Rather the number of shoots was similar to that produced by shoots on the 

lowest concentration. This was probably due to the fact that such a high 

concentration was actually deleterious to shoot health; which was the case in the 

previous experiment. The number of new shoots produced by shoots on the best 

treatment in this experiment (10.7 on MS + 811M BAP) was similar to the highest 

number of shoots following the second subculture in the previous experiment (11.1 

on MS + 32p,M BAP). 

Comparing intact rhizome pieces and subcultured shoots, at all BAP concentrations 

in the media, subcultured shoots produced a greater number of new shoots than intact 

explants. This result, together with the fact that the number of shoots produced by 

intact explants actually increased after they were subcultured in the first experiment 
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suggests that the subculturing process actually increases the number of shoots 

produced. A similar result occurred in an in vitro propagation study of Lilium 

nepalense, a threatened medicinal plant of Nepal (Wawrosch et al., 2001). These 

authors found that longitudinal halves of shoots (LH explants) generally regenerated 

more shoots than whole explants. In the natural environment wounding of plants 

often stimulates morpho genesis, and the better response of wounded explants to in 

vitro conditions has also been described for other species. For example, Opuntia 

polyacantha (Mauseth and Halperin, 1975), Yucca glauca (Bentz etal., 1988) and 

Narcissus species (Squires and Langton, 1990). Interestingly, the opposite result 

occurred for the subcultured shoots growing on the control (MS) treatment, which 

produced half the number of shoots of the intact rhizome explants. Therefore, 

without the presence of a cytokinin in the media, the subculturing process does not 

appear to enhance shoot regeneration. 

Together, these two experiments suggest that the best multiplication procedure for D. 

tasmanica would involve using rhizome pieces (each piece must possess a dormant 

bud) as initial explants. The explants should be grown on MS for approximately 3 

weeks to both screen for contamination and allow the shoots to grow. The shoots 

should then be subcultured and grown on a multiplication media containing MS + 

81.1M BAP for shoot proliferation. Although similar shoot numbers were achieved by 

explants on MS + 3211M BAP following subculture in the first experiment, it would 

probably be better to use the lower 8W concentration to avoid any likelihood of 

vitrification or callus formation which may occur on the higher concentration. BAP 

is a strong growth regulator which has been cited as working within a narrow 

concentration range of 0.25-10p.M (Taji and Williams, 1996). Therefore it would be 

wise to stay within this range. 

3.4.2.2.2 Rooting 

The aim of this study was to determine the best media treatment for root induction on 

Dianella tasmanica shoots in vitro. Roots grew on shoots in all treatments, 

including MS. In a similar experiment using Blandfordia grandiflora roots were 

also produced by shoots on a basal MS medium [approximately 10% more plants 

produced roots on this treatment than the D. tasmanica shoots in the current 
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experiment (Johnson and Burchett, 1991; Johnson, 1996a)]. Bunn and Dixon (1997) 

also found that Blandfordia grandiflora shoots produced roots when grown on 1/2 

MS. 

A combination of factors was used to assess the success of each treatment. These 

factors were: the number of shoots that produced roots in each treatment, the number 

of roots produced by individual shoots in each treatment and the number of dead 

shoots in each treatment. The most successful treatment was MS + 211M NAA. 

Almost 100% of shoots in this treatment grew roots, with an average of 14.4 roots 

per shoot. The survival of these shoots was also very good (75%). MS + 81aM NAA 

was also very successful. Over 80% of shoots produced roots, with the highest 

average of 18.3 roots per shoot. The survival of these shoots was also quite good 

(51%). Other treatments in which a very high number of shoots grew roots, for 

example MS + 32iiM IBA, were not very successful because the percentage of dead 

shoots was very high (only 28.8% of shoots survived in the case of MS + 32)1M 

IBA). This example shows the importance of looking at a number of factors rather 

than just one when assessing the success or otherwise of media treatments. 

Interestingly, the mean number of roots per shoot for the treatments supplemented 

with 8RM IBA and 321aM IAA were almost identical to those in the Blandfordia 

grandiflora experiment (Johnson and Burchett, 1991). However, in that experiment, 

these treatments had the highest number of roots per plant, whereas in this 

experiment they were quite low, with much higher root numbers achieved in other 

treatments. One hundred percent of Blandfordia grandiflora shoots produced roots 

on treatments supplemented with 811M IBA, 2gM IBA and 211M IAA (Johnson and 

Burchett, 1991). However, D. tasmanica shoots on the same treatments only 

managed 80%, with only 52.5% for 21AM IAA. 

The fact that the best results occurred when shoots were gown on media containing 

NAA is not surprising. NAA is a synthetic auxin (as is IBA) which is relatively more 

active than the naturally occurring IAA (Taji et al., 1992). At the highest 

concentrations, the auxins may have been too strong for the shoots. For example, the 

shoots in the treatment supplemented with 32gM IBA had a very low survival 

percentage. Perhaps the shoots died because the auxin was at a toxic level. 
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In a comparison of the different auxins at the same concentration, the mean number 

of shoots that produced roots was highest for NAA at all concentrations, except for 

3211M, where NAA produced the lowest result. Again, this may have been because 

this concentration was too strong for the shoots. 

It was interesting that only three treatments had a higher proportion of surviving 

shoots than the control. These treatments: MS + 21.tM NAA, MS + 811.M NAA and 

MS + AC, especially those with NAA in the media, were also the most successful in 

terms of the other factors measured. 

The rate of root formation data is very important as it provides information regarding 

the length of time that shoots need to be on the root induction media. The majority 

of treatments showed a similar pattern of a steady increase in the rate of root 

formation until the shoots had been on the media for 6 months, followed by a plateau. 

Therefore, it is not necessary to leave shoots on the rooting medium beyond the time 

when the plateau occurs as no further root induction is occurring. In fact it is 

probably better to transplant the shoots to ex vitro conditions during the time when 

roots are still actively being initiated (perhaps after 2 months on the media), which 

may help them to acclimatise more successfully. It has even been suggested that 

plantlets should only be left on rooting medium until roots are just visible, so that 

they are easier to handle during transfer, thus resulting in less shock and more rapid 

acclimatisation to greenhouse conditions (Stewart, 1999b). The less time that 

plantlets are on the rooting media, the lower the production costs would be and the 

time to a marketable product would also be decreased. However, post-transplanting 

data should be analysed to determine if there is an optimal time for shoots to be on 

the rooting medium prior to planting out. 

Treatments with the fastest rate of root formation were also the most successful in 

terms of number of shoots with roots, number of roots per shoot, and survival. Also, 

the more successful treatments were amongst the few treatments that were still 

producing roots at the end of the experiment. Therefore, if necessary, it would be 

possible to leave shoots from the more successful treatments on the rooting media for 

longer before planting out. 
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Contamination of shoots was very low in all treatments. The MS + AC treatment 

contained the most shoots that became contaminated, however, this was probably 

more a factor of the way the media was prepared, than any other reason. All other 

media treatments were prepared by mixing all ingredients together, adjusting the pH, 

adding agar, boiling until the agar had dissolved, pouring the media into individual 

tubes, and then autoclaving. However, this method was not suitable when AC was 

included in the media - after autoclaving, the media would not set. Therefore, the 

AC was added after autoclaving, and the media was poured into individual tubes 

under sterile conditions in a laminar flow cabinet. This extra step increases the 

possibility of contaminating organisms entering the media. The fact that 

contaminating organisms appeared quite early in the experiment also indicates that 

they may have been present at the time the media was prepared, or, introduced at the 

time the shoots were placed on the media. 

Shoot health was generally good for all treatments, with the exception of MS + 

0.511M IAA and MS + ktM IBA. These two treatments also had the highest 

proportion of dead shoots, which suggests that the remaining (living) shoots were 

also dying, which would account for their poor health. The mean number of roots 

grown by shoots in these two treatments was also quite low, especially for MS + 

0.51.tM IAA (3.6 roots/shoot), with the result for MS + 81.J.M IBA being slightly higher 

than the control. Therefore, it is possible that shoots were unhealthy due to a lack of 

roots, or, that because they were unhealthy, they didn't produce many roots. The 

latter is probably the case, because the number of dead shoots without roots was 

found to be low in all treatments, meaning that shoots without roots are not 

necessarily unhealthy. The rate of root formation had definitely decreased by the 

time the experiment was terminated, so it would probably have been better to 

transplant these plantlets to ex vitro conditions after 2-4 months on the rooting 

media, when they were still actively growing roots (as discussed previously). 

Callus occurred on shoots grown on media containing the two highest concentrations 

of NAA and IBA, being especially prevalent on the NAA treatments. Callus is 

undesirable in a micropropagation system that is designed to produce clonal material, 
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because it often introduces somaclonal variation (Dodds and Roberts, 1985; Stewart, 

1999b). Therefore, any shoots that produce callus should be avoided. 

The appearance of floral structures in tissue culture (if the blue structures noted in the 

MS + 8gM and MS + 32gM IBA treatments were, in fact, flower buds) is not 

uncommon. Floral buds have developed in vitro on tobacco (Wardell and Skoog, 

1969) and Begonia (Ringe and Nitsch, 1968). Floral structures have also been 

induced in monocots, with stigma-like structures regenerating from callus in cultures 

of Crocus chrysanthus (Fakhrai and Evans, 1989) and floral buds forming on 

perianth explants of Hyacinthus orientalis (Lu etal., 1986). 

In conclusion, D. tasmanica shoots should be grown on MS supplemented with 

NAA at a 2gM concentration for root initiation and development. 

3.4.2.2.3 Transplanting 

The transplanting stage of a micropropagation system is often regarded as the most 

difficult stage, with the success or failure of this stage often being the determining 

factor in the viability of a species for commercial micropropagation (Stewart, 1999b). 

The change from in vitro to ex vitro conditions was very successful for D. 

tasmanica, with 92.5% of transplants still alive one month after planting out. A high 

success rate (95%) also occurred when B. grandiflora plantlets were transplanted 

into the same pasteurised potting mix recipe (Johnson and Burchett, 1991; Johnson, 

1996a). B. punicea rooted plantlets originally from flower bud explants also had a 

high percentage of surviving explants (100% one month after transplanting, see 

section 3.3.1.2.4). 

The survival percentage of D. tasmanica plantlets began to decrease three months 

after transplanting, and the majority of deaths were due to top damping off, a 

condition where a fungus spreads through the leaves above ground and rots the plant 

from the top down to the base (Stewart, 1999b). Damping off is particularly serious 

in conditions of high humidity (Stewart, 1999b), which are exactly those required for 

the transplanting of tissue culture plants. Therefore, care must be taken to ensure that 

D. tasmanica transplants receive the correct watering regime in which they have 
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enough water to prevent them from dehydrating, but not so much that they become 

waterlogged. The removal of any affected plants as soon as they appear can decrease 

the chances of the fungal spores spreading to other plants, and fungicides (such as the 

Previcur®  that was used in this experiment), can also reduce problems with damping 

off (Stewart, 1999b). 

Both rooted and unrooted plantlets were transplanted to ex vitro conditions and both 

survived well initially. However, after three months, the survival of plants without 

roots had plummeted to only 27.3% compared to 73.9% of plants with roots. This 

was expected as without any roots plants would be unable to absorb water and 

nutrients from the soil. The consequences of this may have taken some time to affect 

these plants which were previously in an environment where they were able to 

function without roots, therefore explaining the initially high survival of these plants. 

Unrooted plantlets were planted out in the hope that they may grow roots once 

transplanted. This does occur in some species, generally those that form roots very 

easily such as Boston ferns and African violets (Stewart, 1999b) and negates the 

requirement of a rooting medium stage thus saving time and money. However, in the 

case of D. tasmanica, a rooting medium stage appears to be essential. 

By the time plants were repotted (8 months after transplanting), the survival of plants 

with roots had decreased to 54% and for plants without roots to 13.6% (only 3 

plants). Had the watering regime been more closely monitored and any plants 

infected with fungi been removed quickly, the survival of at least the rooted plants 

would probably have remained at the high initial level. At the time of repotting, 

plants from the majority of initial treatments had a survival percentage of 50% or 

greater, which was quite good. Again, as mentioned previously, this percentage may 

have been increased had plants been monitored more closely. 

It is unclear whether the initial rooting medium treatment had any influence on 

subsequent survival of transplants. In some cases, results suggest that it did. For 

example, plants originally from the MS + 8uM IBA treatment had the lowest 

proportion of surviving plants ex vitro. The shoot health in vitro was poor for this 

treatment and it also had the highest proportion of shoots that grew roots and 

subsequently died in vitro. Also, the MS + 8uM NAA treatment, which had a high 
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proportion of surviving plants ex vitro, was also a good treatment in vitro, with 

healthy plants and the highest mean number of roots per shoot. However, other 

results suggested that the in vitro rooting media treatment did not influence 

subsequent survival. For example, the treatment with the highest survival percentage 

at repotting (MS + 0.5uM IAA) had poor shoot health in vitro and had one of the 

lowest mean numbers of roots per shoot. Therefore, results were conflicting. 

To determine whether a link existed between the number of roots that plants had 

before transplanting and their subsequent survival, the number of dead and surviving 

plants was counted for each number of roots category. The proportion of surviving 

plants was very low when shoots had 1 or less than 1 root. When shoots lacked roots 

the proportion of surviving plants was significantly lower than the majority of the 

other "number of roots" categories. Therefore, in future it would not be worthwhile 

to transplant these plantlets. Generally, when shoots had greater than 14 roots the 

proportion of surviving plants was higher than those that died. For all other root 

number categories, with a few minor aberrations, the proportions of surviving and 

dead plants were similar. Therefore, it appears to be only at the extremes in range of 

number of roots that subsequent survival is affected, and as would be expected, 

plants survive better when they have more roots. 

At transplanting, shoots were also categorised in terms of the percentage of plant that 

was green, and as expected, significantly more plants survived when shoots were 

very green (100% green and 90% green) and therefore, healthy). When 25% or less 

of the shoot was green, the proportion of surviving plants was very low, and therefore 

would not be worth transplanting in future. Associated with the percentage of the 

shoot that was green was the health rating, and again, as expected, the shoots that 

were given the highest health ratings of "4" and "5" (good and very good, 

respectively) had a much higher proportion of surviving than dead plants. Category 

"5" had significantly more surviving plants than all other treatments. Approximately 

half of the shoots given a fair rating ("3") survived, while as expected, shoots that 

had very poor or poor health ratings ("1" or "2") had a low proportion of surviving 

plants. Therefore, it would not be economically viable to transplant shoots with a 

health rating of less than "3". 
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At the time plants were repotted the mean number of roots, shoots and the length of 

the longest leaf were determined. In general, the plants from the rooting media 

treatments that only produced low numbers of roots in vitro, still had lower root 

numbers than plants from other treatments ex vitro. At this time, the mean number of 

shoots produced by plants from each treatment was not very variable, but was 

generally lower for treatments with lower numbers of roots. For example, both the 

lowest number of shoots and roots occurred in the MS + 21/M IBA treatment. Plants 

with the longest leaves also generally had higher numbers of roots and shoots. In 

fact, a strong positive correlation was found between the mean number of roots and 

the mean length of the longest leaf. Therefore, if plants have more roots they tend to 

grow larger in terms of height and shoot multiplication; probably due to more 

efficient absorption of moisture and nutrients from the larger surface area of roots. 

Twelve months after the plants were repotted, the number of roots were too high to 

count accurately, which suggests that root development was excellent from the tissue 

cultured plants. The mean number of shoots produced did not appear to follow the 

same pattern as it had at repotting, therefore suggesting that the previous treatment 

was not influencing the number of shoots. Plants that had the longest leaves at 

repotting, still had the longest leaves 12 months later, which was expected. These 

treatments also generally had the highest number of shoots. Therefore, plants that are 

producing the most shoots are also growing long leaves, which was not expected. If 

more energy was being used in new shoot formation it would be expected that less 

would be available for leaves; but this was not the case. Twelve months after 

repotting, the majority of plants were given a moderate health rating. However, this 

was probably mainly because they were ready to be repotted again and had used up 

all of the nutrients in the potting mix. Plants with the longest leaves generally were 

given higher health ratings, so as would be expected, the healthier plants were 

growing the best. The growth of plants in the twelve month period after repotting 

showed that shoot multiplication under ex vitro conditions is generally slow for D. 

tasmanica, with the highest treatment only producing 2.4 new shoots on average. 

This result shows the definite need for a micropropagation system for commercial 

production of this species. The growth of leaves was quite quick, with the majority 
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• of original treatments showing an increase of more than 13.4 cm and the highest 

increase being 23.1 cm. Again, there appeared to be a link between the number of 

shoots and the length of the longest leaf; with treatments having the highest increases 

in leaf length also having the highest increase in mean shoot number. 

3.4.2.3 Explant source: Whole flower buds and floral scape sections 
Immature flower bud explants were found to be an excellent initial explant source for 

in vitro propagation of D. tasmanica. Floral scape sections, which were a more 

successful explant type than flower buds for B. punicea (see section 3.3.1.3.1), failed 

to show any regeneration in this experiment. 

As was the case for B. punicea, both of these immature floral explant types could be 

disinfested relatively easily using a simple disinfestation procedure. For D. 

tasmanica only 3.6% of flower buds and 0% of floral scape section explants became 

contaminated following initiation of cultures. Similar low levels of contamination 

have also been recorded for immature floral explants from other native monocots; 

with only 0 and 1.5% of B. punicea flower bud explants and 0% of floral scape 

section and pediceUpeduncle explants (see sections 3.3.1.2.1 and 3.3.1.3.1) and only 

3% of Doryanthes excelsa flower bud explants becoming contaminated (Smith, 

2000). Compared to the much higher initial contamination levels, the ongoing 

problems with contamination, and the more complex disinfestation procedure 

required with the rhizome explants, flower buds appear to be a more viable option (in 

terms of both time and money) for initiating cultures of D. tasmanica. 

The flower bud initiation media (FBM) used successfully for shoot initiation from B. 

grandiflora flower buds (Bunn and Dixon, 1997) and B. punicea flower buds, floral 

scape section and pedicel/peduncle explants (sections 3.3.1.2.1 and 3.3.1.3.1) was 

also suitable for D. tasmanica flower buds, but not for floral scape sections, which 

did not show any signs of regeneration. This explant type also did not regenerate any 

structures on MS, and the majority of explants had died after 5 months in culture. As 

explants survived and remained green for quite some time, both media types do not 

appear to be negatively affecting the explants. Therefore, the poor result appears to 

be due to a lack of totipotency within the cells of the floral stem. This was 
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unexpected due to the excellent results achieved with Blandfordia punicea floral 

stem section explants. However, Blandfordia has a much larger, fleshier stem than 

Dianella, which may be why it is more regenerative. It is also possible that a 

stronger cytokinin concentration may be required to elicit the same response in D. 

tasmanica. 

D. tasmanica flower bud explants grew and regenerated shoots more efficiently on 

FBM than MS. Between 50 and 100% of bud explants from each original floral 

scape had regenerated shoots on FBM five months after cultures were initiated, 

compared to a maximum of 20% on MS. This increase in regeneration was most 

likely due to the addition of PGRs to this media. The fact that a small percentage of 

flower bud explants did regenerate shoots on MS shows that this explant type is 

highly regenerative when at the correct stage of development. A small percentage of 

B. punicea flower bud explants also regenerated shoots on MS, but only at one stage 

of development. Some of the ornamental Liliaceae genera, including Muscari and 

Ornithogalum have also proven to be highly regenerative. Plantlets have been 

induced directly on young inflorescence stem explants without the presence of PGRs 

in the media (Hussey, 1975b). 

The shoots that developed on D. tasmanica flower buds were large enough to be 

subcultured onto multiplication media in a similar time frame to the B. punicea 

flower buds (7 months for D. tasmanica cf. 6 months and 5.5 months for B. punicea 

in two separate experiments); which suggests that these related genera grow at a 

similar rate in vitro. However, when rhizome explants were used these could be 

placed onto multiplication media much quicker, after a short contamination screening 

period of 2-3 weeks. 

Shoots that developed on D. tasmanica flower buds were successfully multiplied on 

the same media used for shoot multiplication of B. grandiflora (Bum and Dixon, 

1997) and B. punicea in the present study (FBMM). D. tasmanica shoots multiplied 

at an average of 5.2-fold in a 4.5 month period, which was higher than that achieved 

by B. punicea on the same media (2.6-fold). However, as was the case for B. 

punicea, the multiplication rate varied when shoots originated from buds at different 

developmental stages. For D. tasmanica, shoots originally from the youngest floral 
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scape produced the least new shoots on multiplication media, while those from the 

oldest scape produced the most (n.s.). The youngest B. punicea flower buds also 

produced the least number of new shoots, but the highest number was produced by an 

intermediate stage, rather than the oldest stage. It must be noted that the oldest stage 

of D. tasmanica buds would not correspond directly to the oldest stage of B. punicea 

buds, and in fact would be more likely to correspond to the intermediate stage of B. 

punicea buds. The number of shoots produced by D. tasmanica on multiplication 

media also varied between the five original floral scapes, even when they were 

classified as being at the same developmental stage. This suggests that not only is 

the original stage of explant development an important factor in regard to future 

shoot production, but also that different individual plants may be more regenerative 

than others. It is also possible that although some of the floral scapes were of a 

similar length and appearance, they may actually have been at different physiological 

ages. 

The highest mean number of shoots produced on FBMM was slightly less than, but 

comparable to, the mean number of shoots produced by rhizome explants on MS + 

321AM BAP and subcultured shoots on MS + 4LM BAP. However, the average for 

flower buds as a whole (from all original floral scapes) was approximately half that 

achieved by shoots originally from rhizomes. Therefore, although shoots from 

flower bud explants multiplied quite well on FBMM, a better result may be achieved 

by multiplying these shoots on MS + 8W BAP or MS + 321AM BAP. 

A final multiplication rate was determined for the 11.5 months that flower buds were 

in culture. This figure did not take into account any losses due to death or 

contamination or the proportion of explants that did not develop shoots; rather it was 

merely a factor of the final number of shoots obtained from the original number of 

explants used. The highest multiplication rate achieved was 5.82x (from the LR2 

plant). However, this rate was comparable only to the lowest rates achieved by 

Blandfordia flower buds (from stage 1 in experiment 1 - 5.5x, and stage 5 in 

experiment 2 - 5.0x). Again highlighting the fact that Blandfordia punicea flower 

buds have a higher regenerative capability than D. tasmanica flower buds. This may 
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be linked to explant size as D. tasmanica flower buds are considerably smaller than 

B. punicea flower buds. 

3.4.2.4 Explant source: Whole flower buds and floral scape sections 
(Experiment 2) 

In a second experiment, D. tasmanica flower bud explants were again compared to 

floral scape section explants. However, in this case the original position that 

explants came from on the floral scapes was recorded to determine whether any 

differences in regeneration relating to this position occurred. 

Contamination levels for both explant types were again very low, especially for the 

floral scape sections, which was expected due to these explants originating above-

ground and being immature tissues. Immature tissues are generally easier to disinfest 

than older tissues (Smith, 2000). 

One month after cultures were initiated a small percentage of flower bud explants 

had died, and with a few exceptions these were all originally from the older section 

of the scapes. The majority were dead because they had dropped off the pedicels, 

which were still green. It is possible that they did this due to the sterilisation 

treatment - either from exposure to the Na0C1 or the physical agitation of explants 

when in the solution or during rinsing; or perhaps due to the constituents of the 

media, or just that the explants were older. As the explants in the previous 

experiment did not exhibit this behaviour it is unlikely to be any of the former 

explanations. However, as the majority of explants that died were from the older 

section of the scape it is reasonable to assume that it was due to their age. Quite a 

high proportion of floral scape section explants were also dead at this time, and 

again, those that died were generally from the older section of the scapes. This also 

suggests that the reason they died was their age and lack of ability to regenerate. 

Flower buds were more regenerative than the floral scape section explants, which 

were all dead after 3 months in vitro and had not shown any signs of regeneration. 

Floral scape sections also did not regenerate any shoots in the previous experiment, 

and therefore do not appear to be worth pursuing as an explant source for D. 

tasmanica. However, it is possible that this explant type may be more regenerative at 
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a different stage of development to those used in this, and the previous, experiment; 

or when grown on a different medium. 

Shoots began to regenerate from the D. tasmanica flower bud explants within 1 

month of initiation, which was approximately 1.5 months faster than explants in the 

previous experiment did. However, it was in a similar time frame to the B. punicea 

floral explants which also began to regenerate shoots within 1-1.5 months after 

cultures were initiated. Therefore, as mentioned previously, these related genera 

grow and regenerate structures at a similar rate in vitro. 

A similar percentage of explants from each original floral scape had regenerated 

shoots one month after cultures were initiated, even though scape 1 was thought to be 

younger than scape 2; and after three months on initiation media the percentage had 

increased for both scapes but was also still very similar for both. Therefore, perhaps 

the buds from the scapes were actually at similar physiological ages than was initially 

thought. The percentage of flower buds that produced shoots was much lower in the 

current experiment (approximately 27%) than in the previous experiment (50-100%), 

which is perhaps indicating that these explants were not at the ideal stage of 

development for shoot regeneration. The fact that a high percentage of explants 

actually developed immature fruit also supports this suggestion. If buds were 

developed enough to produce fruit, then they were perhaps getting too old to 

regenerate shoots. However, a small number of explants did actually develop both at 

once. It should also be noted that when fruit were produced, the flower buds that did 

so were previously unopened, and therefore had formed fruit by apomixis. This 

phenomenon has also been noticed in mature field-grown plants of this species 

(Curtis, 1952; Sward, personal observation). 

Interestingly, for the younger floral scape 1, buds from the youngest regions were 

generally more regenerative than those from the older regions (n.s.); while for the 

older scape 2, buds from the oldest regions were more regenerative, with no 

regeneration at all occurring from the youngest regions (position 4 and below). This 

was unusual as it would be expected that the younger regions would be more capable 

of regeneration than the older ones. However, as mentioned before, individual buds 

from the older region of the scape may not necessarily have been older than buds 
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from the younger region of the stem, which could explain this result. The fact that 

buds from nearly all positions on the scape developed shoots, shows that in future 

micropropagation work with D. tasmanica all flower buds on a scape can be used. 

The mean number of shoots produced by flower bud explants was generally from the 

position on the scape that also had the highest percentage of explants that produced 

shoots. Therefore, in future work perhaps these buds could be selected for the 

multiplication phase, with high numbers of shoots being produced. The mean 

number of shoots produced by D. tasmanica flower bud explants from each scape 

was actually the same, which perhaps indicates that although the scapes were 

considered to be at different stages of development, they may have had the same 

number of buds at similar developmental stages, thus with the same regenerative 

capabilities. Therefore, in future studies comparing different developmental stages it 

would be more accurate to categorise each bud through measurement, rather than its 

position on the scape. 

As multiplication of shoots from flower bud explants had already been researched in 

the previous experiment, the current study did not proceed beyond the initiation 

stage. 

In conclusion, this experiment reiterates the results from the previous experiment, 

indicating that flower buds are a good initial explant source for micropropagation of 

D. tasmanica. They are relatively easy to disinfest, especially when compared to the 

high contamination rates that occurred when rhizome pieces were used; and also, 

when collected, minimal disturbance is caused to the plant and the surrounding 

environment. The lack of regeneration from floral scape section explants, which also 

occurred in the previous experiment, reinforces the idea that the cells within floral 

scape section explants lack totipotency, and are therefore not suitable explant 

sources; or that they require a different media for regeneration to occur. 
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3.4.2.5 Somatic embryogenesis experiment 

Somatic embryogenesis offers a more effective method for large scale propagation of 

embryogenic cells than conventional in vitro techniques (Johnson, 1997). Initial 

studies using this technology for three native monocots: Anigozanthos 

(Haemodoraceae), Blandfordia and Thysanotus (Liliaceae) have yielded promising 

results and somatic embryogenesis has recently been achieved in Desmocladus 

flexuosus and Baloskion tetraphyllum (Restionaceae) (Panaia et al., 2004). 

Therefore, it was thought worthwhile to determine whether this technology would be 

possible for in vitro propagation of D. tasmanica. 

The leaf segments obtained from shoots growing in vitro were a satisfactory source 

for the initial stages of somatic embryogenesis development. Callus was induced on 

all of the media tested, which was also the case in the study using Anigozanthos, 

Blandfordia and Thysanotus (Johnson, 1997). 

Callus initiation began approximately 1 month after D. tasmanica leaf segments 

were placed on the media, which was faster than Anigozanthos, which took two 

months, and Blandfordia and Thysanotus, which took four to six months (Johnson, 

1997). 

In the present study, although callus developed on leaf segments in all media 

treatments, the best treatment in terms of the proportion of leaf segments that 

developed callus was MS + 101AM 2,4-D under dark conditions (n.s.). The MS + 

511M 2,4-D treatment was also an excellent medium for inducing callus under both 

light and dark conditions. At the highest 2,4-D concentration used (2012M) the 

proportion of leaf segments that produced callus was lower than the other treatments 

(with the exception of MS + 10p.M 2,4-D light), and this suggests that this 

concentration may have been too high for the leaf segments to develop callus 

optimally. 

The regeneration of roots and/or root hairs from the callus had occurred 

approximately 2 months after D. tasmanica cultures were initiated. However, there 

was no mention of this occurring in any of the other native monocots previously 

studied (Johnson, 1997). Roots and/or root hairs developing from the callus was not 
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entirely unexpected, as auxins, especially such a strong auxin as the 2,4-D used in 

this experiment, promote the development of roots in plants. However, the 

development of shoots which also occurred on three leaf segments was unexpected. 

When shoots did regenerate the structures had roots associated with them and had the 

appearance of normal seedlings, and as such were thought to be the product of 

somatic embryogenesis. It is unlikely that shoots would be produced on a medium 

containing auxin, unless it was through this process, as shoots are generally promoted 

by cytokinins. This phenomenon did not occur in Johnson's (1997) study, in which 

germination of somatic embryos was only achieved after embryogenic callus was 

transferred to a germination medium containing the cytokinins BAP and/or 2iP (and 

was only achieved in Thysanotus cultures). However, direct somatic embryogenesis 

has occurred in Tulipa when stem slices were cultured on media supplemented with 

5[LM 2,4-D or Picloram (Gude and Dijkema, 1996). This phenomenon occurred in 

D. tasmanica on the MS + 51.tM 2,4-D (dark), MS + 10;AM 2,4-D (dark) and MS + 

10gM 2,4-D (light) treatments. 

Dark conditions were more conducive to callus initiation than light at the two highest 

2,4-D concentrations used (n.s.). However, at the lowest concentration there was no 

difference between the two. Therefore, in future experiments, only dark conditions 

should be used for the higher concentrations. A phase of complete darkness was 

found to be an important step to induce callus in Lilium longiflorum (Priyadarshi and 

Sen, 1992), while in another study using L. longiflorum, callus production was also 

induced more favourably when explants were kept in the dark rather than in the light 

Arzate-Fernandez etal., 1997). 

There was no regeneration of any structures from the callus that developed on leaf 

segments growing on MS + 20uM 2,4-D (light or dark) after six months, which also 

supports the proposal that this concentration of such a strong auxin was too high for 

the leaf segments. At the lower concentrations, structures were able to regenerate 

from the callus. 

The somatic embryo germination media that caused successful germination of 

Thysanotus (Johnson, 1997) was not successful with D. tasmanica, with no change in 

the callus being observed after five months on the media. The media was also not 
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suitable for germination of somatic embryos of Anigozanthos or Blandfordia 

(Johnson, 1997), and therefore more experimentation on this and other media types is 

required. 

Upon transfer to MS the possible "somatic seedlings" grew normally and were very 

healthy. Therefore, this preliminary experiment showed that somatic embryogenesis 

is possible in D. tasmanica and this result has huge consequences for mass 

propagation of this species in a more efficient way than the conventional in vitro 

propagation methods already described. However, more work is required to fully 

develop this procedure. 

3.4.3 In vitro propagation of Dianella revoluta var. revoluta 

3.4.3.1 Explant source: Whole flower buds 
Due to the relative ease of disinfe station and the successful use of immature flower 

buds as initial explant sources for B. punicea and D. tasmanica, this explant type 

was chosen for initiating cultures of D. revoluta var. revoluta. 

Contamination levels were very low, which was also the case for B. punicea and D. 

tasmanica, but the majority of flower bud explants turned brown and died after 1 

month in vitro, and there was no shoot regeneration from any explants. The only 

regeneration noticed was the development of green callus on only a very small 

percentage of explants (which later died). Within three months in vitro all of the 

explants were dead. These results were unexpected due to the success achieved with 

flower buds of D. tasmanica, and are perhaps due to the sodium hypochlorite 

adversely affecting the explants. However, as the buds were of a similar size and age 

to the D. tasmanica buds used, this explanation appears unlikely. It is also possible 

that this media type was unsuitable for growth of D. revoluta, but due to its 

widespread use with other genera (eg. Blandfordia) and the closely related D. 

tasmanica this also does not appear to be a plausible reason. 

The tissue browning that occurred on the explants quite early in the experiment was 

also a problem for Doryanthes excelsa flower bud explants (Smith, 2000), and was 
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attributed to oxidation of phenolic compounds. D. excelsa inflorescence tissues 

were found to be high in phenolics (Smith, 2000), a phenomenon that is widespread 

in many monocots and has profound physiological effects on plant tissues in vitro 

(Taji and Williams, 1996; Zaid, 1987; Panaia, 1998). When the cut surfaces of 

explants high in phenolics are exposed to oxygen the phenols oxidise and 

polyphenolic compounds are produced which become toxic to explants, causing them 

to die (Smith, 2000). As Dianella has been reported to contain phenolics (Jassim 

and Naji, 2003), it is most likely that the oxidation of these compounds has caused 

the tissues to brown and die. Therefore, in future studies a preculture wash using an 

antioxidant treatment such as potassium citrate and citrate, which was effective in 

preventing tissue browning of Doryanthes excelsa (Smith, 2000) would be worth 

trying. Other methods that have successfully reduced tissue browning, including the 

addition of AC (Teixeira etal., 1994; Wang etal., 1994; Zweldu and Ludders 1998) 

or L-cysteine HC1 (Khatri etal., 1997) to media, rigorous washing and rinsing of the 

sterilised material, or frequent transfer of explants to new media (Zaid, 1987; George, 

1996; Taji and Williams, 1996) may also be worth trying. 

In conclusion, this preliminary experiment found that flower buds of D. revoluta 

were not responsive initial explant types. However, further studies should be tried 

incorporating different developmental stages and a preculture wash with an 

antioxidant treatment. 

3.4.4 In vitro propagation of Dianella intermedia 

3.4.4.1 Explant source: Whole flower buds and floral scape sections 
This preliminary experiment to determine whether Dianella intermedia could be 

propagated in vitro yielded promising results. A similar experiment to that using D. 

tasmanica flower bud and floral scape sections, where explants were categorised and 

labelled according to their original position on the immature floral scape was 

performed. 

As was the case for all other floral explants from the Liliaceae species studied, low 

levels of contamination also occurred in this experiment initially. However, later in 
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the experiment contamination of both explant types did become quite high. The fact 

that this occurred so late in the experiment suggests that the contaminant somehow 

made its way into the tubes, possibly through the lids becoming loose, and was not 

associated with the initial disinfestation procedure. 

Although only a small percentage of both explant types developed shoots, this result 

was still encouraging as it meant that in vitro propagation of D. intermedia was 

possible, and that perhaps with further experimentation using buds and floral scape 

sections at different stages of development, this procedure could become more 

efficient. It also showed that floral scape sections of at least this species of Dianella 

could be induced to regenerate shoots, therefore reiterating the fact that in the D. 

tasmanica experiment, the explants may not have been at the correct stage of 

development to produce shoots. 

As only a small percentage of both explant types developed shoots it was not possible 

to determine whether any particular region of the floral scape was most responsive. 

However, with further experimentation using different developmental stages this may 

be able to be determined. Conflicting results have been published in regard to the 

effect of an explants' position on the stem on its' subsequent regeneration capacity. 

For Bowiea volubilis (Liliaceae) the positional origin of the explants along the 

inflorescence did not appear to affect the yield of regenerated plantlets (Hannweg et 

al., 1996). However, for Alstroemeria (Alstroemeriaceae) and a range of other 

geophyte species including Gladiolus grandiflorus (Iridaceae), Hyacinthus orientalis 

and Ornithogalum dubium (Liliaceae), the shoot regeneration capacity of explants 

depended on the original position of the explant on the stem (Lin etal., 1998; Ziv 

and Lilien-Kipnis, 2000). 

The development of immature fruit by flower bud explants, which was quite 

prominent in this experiment, also occurred in the second D. tasmanica experiment 

(that used flower buds as initial explant types) and was also associated with quite a 

low percentage of explants developing shoots compared to the higher percentages 

achieved in the initial experiment, where fruit did not develop. Therefore, as 

previously proposed, the development of fruit may reduce the capability of the bud 
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explants to develop shoots, and also suggests that these buds were not at the ideal 

stage of development for use in a micropropagation system. 

The death of a high proportion of the explants after 8 months in vitro may have been 

associated with phenolic compounds within the plant tissues, as suggested for D. 

revoluta in the previous experiment. The length of time that these explants 

remained on the initiation media may have led to a build up of polyphenolic 

compounds to a toxic level, causing them to die. In future experiments it may be 

necessary to treat explants with the methods outlined for D. revoluta in the previous 

section. It is also possible that explants died due to a lack of nutrients in the media 

which would have become depleted after such a long time. 

In conclusion, this experiment has shown that D. intermedia can be propagated in 

vitro using both flower bud and floral scape sections as the initial explant source. 

Floral scape sections were slightly more successful, producing up to 10 shoots per 

explant, with an average of 6. These results were comparable to those achieved with 

flower buds of D. tasmanica. 

3.4.5 In vitro propagation of Milligania densiflora 

3.4.5.1 Explant source: Root pieces 
Apart from the in vitro seed germination experiments in this thesis, Milligania 

densiflora had never previously been propagated in vitro. Therefore, a wide range of 

initial explant sources were used to determine which would be the best for future 

micropropagation studies. Root explants were the first to be tried, and were very 

easy to disinfest, with no contamination occurring. However, the five media 

treatments used did not induce any growth or regeneration in the 8 months that 

explants remained in vitro. It was hoped that the treatments containing auxin, 

especially those that contained 2,4-D, a very strong synthetic auxin (Hartmann and 

Kester, 1983), would induce callus development. However, as this did not occur, M 

densiflora may require a stronger concentration that the 0.24pM 2,4-D that was 

used. 
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In conclusion, although no regeneration was observed from root explants of M 

densiflora, this was most likely due to the media used. In future a stronger 

concentration of auxin should be used, which may cause callus induction. However, 

it should be noted that direct organogenesis would be a better method to use in a 

micropropagation system than indirect organogenesis where callus is involved. The 

use of callus can introduce somaclonal variation (Dodds and Roberts, 1985; Stewart, 

1999b) which is undesirable in a system where clones are required. Therefore, if 

other explant types can be used without a callus stage being involved, then these 

should be the explant of choice. 

3.4.5.2 Explant source: Shoot and leaf bases 
Like the root explants described above, shoot and leaf base explants of M densiflora 

were also easy to disinfest, with all explants remaining free of contamination. 

However, these explant types not only showed no sign of regeneration on any of the 

media treatments used, but also died within 20 days in vitro. The death of explants 

may have been due to the relatively long time (45 min) that they were exposed to the 

sodium hypochlorite. Explants were placed in the sterilising solution for so long 

because the shoot bases were collected from (partially) below ground and were quite 

dirty, and as they were quite thick and leathery it was thought that they would not be 

adversely affected. However, as there were no signs that the tissues were being 

damaged by the bleach, this is unlikely to be the case. A second reason may be due 

to the nutrient concentrations within the media, which were all based on MS salts. 

Perhaps a 1/2 MS would have been more suitable for M densiflora, as it naturally 

grows in nutrient poor soils (Kirkpatrick, 1997). Half strength MS was found to be 

more suitable for seedling survival than MS for M densiflora when seeds were 

germinated in vitro; and also Blandfordia punicea which inhabits similar areas. It is 

also possible that the PGR concentrations used in two of the media treatments were 

too high and became toxic to the explants, but as explants on basal MS also died, it is 

most likely due to the nutrient concentrations rather than the PGR concentrations. In 

an experiment comparing underground parts of Fritillaria imperialis, the 

underground parts were found to be the least suitable, especially the shoot bases, the 
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majority of which died within one month of culture (Witomska and Lukazewska, 

1996). Therefore, M densiflora may respond in the same way. 

The initial age of the explants may also have been a factor in their death as the shoots 

were quite old. There was no fresh shoot growth available which was unfortunate as 

younger tissues are generally more responsive in vitro than older ones (Hartmann 

and Kester, 1983). Therefore it is possible that the shoot and leaf tissues were no 

longer competent and regeneration could not occur. In future studies it would be best 

to use fresh young shoot growth, which could be disinfested for a shorter time in the 

sodium hypochlorite solution, and to place explants on a 1/2 MS with a wider range 

of cytokinin types and concentrations. 

3.4.5.3 Explant source: Whole flower buds 
This preliminary experiment using immature flower buds as the initial explant source 

produced promising results. The explants were relatively easy to disinfest, but the 

percentage that became contaminated was higher than that for other Liliaceae genera 

using the same explant type. This is most likely due to the dense indumentum of 

hairs on the pedicels of M densiflora, an area which could harbour microorganisms 

and which would be more difficult to remove them from than the smooth pedicels of 

Dianella and Blandfordia. All of the contaminated explants were from the same 

stage of development (1-2), which was one of the oldest stages of bud development 

used. Older tissues are known to be harder to disinfest than younger ones (Smith, 

2000). 

After only 2 weeks in vitro some of the flower buds (at all developmental stages) 

had opened to varying degrees on both media types. This did not occur in any of the 

other experiments using flower buds, except for when fruit were produced through 

apomixis. There was no sign of fruit development for M densiflora, although the 

ovaries of some explants had swollen and increased in size. Perhaps the opening of 

the flower buds may have been due to them being older than originally thought, and 

they may actually have been close to opening before they were placed in vitro. All of 

the oldest buds on MS had turned brown at this stage, while they were still green on 
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FBM. This suggests that MS is not a suitable medium for growth and regeneration of 

the oldest buds, which cannot become competent without the addition of PGRs. 

After one month in vitro globular swellings (thought to be the start of shoot 

formation) were developing at the base of buds from all developmental stages and on 

both media types. The most regenerative buds were from stage 1 of development on 

FBM (83.9% of explants). The percentage of buds that were showing signs of 

regeneration decreased as bud age decreased when explants were grown on FBM. 

For MS, the most regenerative buds were at stage 1-2 of development (75% of 

explants appeared to be developing shoots). This was a much higher result than the 

same stage on FBM (43%). However, only 8 buds were on MS compared to 79 on 

FBM, which may explain this difference. The youngest buds were also the least 

regenerative on MS. 

The fact that some regeneration appeared to be beginning for all developmental 

stages on MS suggests that M densiflora flower buds are very responsive explants 

and have the capacity to regenerate shoots without the addition of any PGRs to the 

media. This phenomenon was also noted for B. punicea and D. tasmanica flower 

bud explants (sections 3.3.1.2.1 and 3.3.2.4.1, respectively), but not at all stages of 

development. 

Two months after explants were placed in vitro a high proportion of explants were 

dead. The reason for this is unknown, but could be due to the media not being ideal 

for growth of M densiflora flower bud explants. 

By the time explants were removed from the initiation media and transferred to the 

multiplication media only 8 of the remaining explants appeared to be developing 

shoots, but it was still too early to ascertain. The buds at stage 1 of development 

growing on FBM were still the most responsive explants. After explants were 

transferred to the multiplication media there was no further development of the 

possible shoots and the explants died after 3 months. Therefore, it may have been 

better to put the explants onto new initiation media and wait until shoots had 

developed before transferring these to the multiplication media. 
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In conclusion, although shoots did not develop from the M densiflora flower bud 

explants, some regeneration (which appeared to be the start of shoot development did 

occur), which was promising. It is possible that the bud explants used were not at an 

ideal stage of development for shoot regeneration and as such the use of this explant 

type should be further investigated. 

3.4.5.4 Explant source: Seeds 
The major expectation and outcome of a micropropagation system is that clones of 

the original parent plant are produced. Therefore seeds are obviously not an initial 

explant of choice due to the recombination of DNA that occurs when they are 

formed. However, all other explant sources for M densiflora had failed to 

regenerate shoots that could be used to determine the best multiplication media. 

Therefore, in vitro germinated seedlings were used, in the hope that the results from 

this experiment could be employed for micropropagation of shoots from other 

explant types in the future. 

Seedlings showed the greatest proliferation of new shoots on 1/2 MS supplemented 

with 81.1.M BAP. This concentration of BAP was also the best for shoot 

multiplication of D. tasmanica subcultured shoots(section 3.3.2.3.1), which suggests 

that these related genera may respond similarly in vitro. The mean number of shoots 

produced for M densiflora was also high on 1/2 MS + 32IAM BAP, the same 

concentration that produced the highest shoot proliferation for D. tasmanica intact 

rhizome explants (section 3.3.2.2.2). 

The addition of BAP to 1/2 MS significantly increased the number of shoots 

produced compared to the control, with the exception of the lowest concentration 

(0.5gM BAP). However, above an 81.1.M BAP concentration the number of shoots 

produced decreased, which suggests that these concentrations were too high and 

began to adversely affect the seedlings. This was definitely the case for shoots 

growing on the highest BAP concentration (128p,M), which had become slightly 

vitrified on this treatment. Vitrification was also noted in shoot cultures of D. 

tasmanica at the same concentration of BAP, and should be avoided in tissue culture 

due to the adverse effects that it causes. These effects include poor cuticle 
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development, non-functioning stomata, a lack of organisation of the mesophyll 

tissues which prevents photosynthesis (Johnson, 1996b) and the subsequent collapse 

and death that occurs soon after transplanting (Stewart, 1999b). High cytokinin 

concentrations have been implicated as one of the causes of vitrification (Johnson, 

1996b). 

After three months growth on the multiplication media a number of seedlings had 

died in all of the treatments. Only a low proportion of seedlings died on the control 

treatment and the two lowest BAP concentrations, but this proportion increased on 

the two highest BAP concentrations with approximately half the seedlings dying. 

This suggests that there was perhaps a low level of natural attrition occurring, which 

was increased by the high concentrations of BAP adversely affecting the seedlings. 

When all aspects of the multiplication media results are taken into account the 1/2 

MS + 81.1M BAP treatment was the best. One hundred percent of seedlings produced 

shoots, the mean number of new shoots produced was the highest of all treatments 

and shoot survival was very good. Therefore in future multiplication media 

experiments using different initial explant types this treatment should definitely be 

pursued. 

Shoots from all multiplication media treatments developed roots when grown on 1/2 

MS + 1 gL -1  AC. This media was actually only going to be used as an interim media 

for 6 weeks to remove PGRs from the shoots, but when roots grew on 78.2% of 

shoots a separate rooting media was not required. A similar percentage (71.3%) of 

D. tasmanica shoots developed roots on MS supplemented with AC. Some 

researchers consider that AC causes plants to grow roots because it darkens the 

media, thus making conditions similar to growing in soil (Proskauer and Berman, 

1970). 

The fact that a higher percentage of shoots grew roots following multiplication on a 

low or zero concentration of BAP compared to the higher concentrations, suggests 

that AC was less effective at removing all of the BAP from the shoots when they 

were growing on a very high concentration, which in turn reduced the shoots ability 

to develop roots. 
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The rooted M densiflora plantlets established readily in the pasteurised potting 

medium used successfully for establishment of B. grandiflora (Johnson and 

Burchett, 1991), B. punicea and D. tasmanica (in the present study, section 3.3.1.2.4 

and 3.3.2.3.3), with 89.2% surviving one month after transplanting. This figure had 

decreased 3 months after transplanting to 75.3% surviving, which was still very 

good. The plantlets that died had rotted, most likely due to fungal attack after over-

watering, which also occurred in all other Liliaceae genera that were transplanted in 

this study. Therefore, the correct watering regime in which plants receive enough to 

prevent them from dehydrating but not so much that they become waterlogged is as 

crucial to the survival of M densiflora as it is to all other Liliaceae transplants. 

The results from this experiment show that M densiflora can be propagated in vitro 

using seeds as the initial explant source. Seedlings multiplied well on 1/2 MS + 84M 

BAP, and shoots could then be rooted on 1/2 MS + 1 gL-1  AC. Rooted plantlets 

could also be transplanted to ex vitro conditions with minimal losses. It is hoped 

that these results can be used to develop a micropropagation system for this species 

using a more suitable initial explant source, to enable the production of clonal 

material. 

3.5 Summary and Future Research 

3.5.1 Blandfordia punicea 
• Corm pieces were unsuitable initial explants due to problems with contamination. 

• Flower buds, floral scape sections and pedicel/peduncle junctions were relatively 

easy to disinfest, with only a small percentage becoming contaminated. 

Flower bud experiment 1 

• Flower bud explants grew and regenerated shoots significantly better on FBM 

than MS. 

• Flower bud explants at stages 2 and 3 of development began to regenerate shoots 

sooner than those at stages 1 and 4. 
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• Only flower buds at stage 2 of development regenerated shoots on MS, but only 

20% of explants regenerated shoots. 

• On FBM, stage 2 flower buds were the most regenerative (73.3% of explants 

developed shoots), and stage 1 were the least regenerative (37% developed 

shoots) (n.s.). 

• After 5.5 months on FBM the mean number of shoots per explant was highest for 

stage 3 buds (13.2 shoots/explant), and lowest for stage 4 explants (5.1 

shoots/explant). These results were significantly different. 

• The initial stage of bud development influenced the subsequent multiplication 

rate on FBMM. 

• On FBMM stage 3 flower buds produced significantly more shoots than stage 1 

and stage 4 buds did. 

• On FBMM up to 4.7 new shoots/original shoot developed from shoots originating 

from stage 3 explants, but only 1.6 and 1.4 shoots/original shoot were obtained 

from shoots originally from stage 1 and 4 flower buds, respectively. 

• The final multiplication rate, taking into account the original number of explants 

and the final number of shoots obtained was much higher for stage 3 buds (37.1x) 

than stages 1 and 4 (5.5 x and 3.1x, respectively). 

• 93% of shoots also developed roots after 4 months on FBMM. 

• Transplanting to ex vitro conditions was successful, but there were minimal 

losses due to fungal attack (most likely due to over-watering). 

Comparison of different floral explant types (experiment 2) 

• When flower bud explants (at different stages of development) were compared 

with floral scape section and pedicel/peduncle explants, the pedicel/peduncle and 

floral scape sections were initially more regenerative than flower buds. 100% of 

pedicel/peduncle and 60% of floral scape section explants were beginning to 

regenerate shoots 1 month after cultures were initiated, while only 40% and 
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28.6% of flower buds at stage 1 and 2 respectively, had shown any regeneration 

at this time. 

• The older stages (1 and 2) of flower buds began to regenerate shoots sooner than 

the younger ones (stages 3-5). 

• After 1.5 months on FBM, 100% of pedicel/peduncle explants and 91% of floral 

scape sections had regenerated shoots. Flower bud explants were still slower, but 

at stage 2, 71.4% of explants had shoots forming. 

• When floral explants had been growing on FBM for 1.5 months, the mean 

number of shoots was highest for floral scape sections (14.8), was quite high for 

pediceUpeduncle explants (8.3), but could not be counted for flower buds as the 

shoots were still too small. 

• Stage 4 and 5 flower bud explants did not start to regenerate shoots until 2.5 

months after stage 1 and 2 did, and 2 months after stage 3. 

• Shoots growing on floral scape section and pediceUpeduncle explants were large 

enough to be subcultured 1.5 months earlier than the flower bud explants. 

• At the time of transfer to multiplication media, 100% of floral scape and 

pediceUpeduncle explants had grown shoots. For flower buds, 100% of stage 1 

and 2 explants had shoots, while 66.7%, 55.6% and 60% of stages 3, 4 and 5 

respectively, had shoots. 

• At the time of transfer to multiplication media, floral scape sections had produced 

significantly more shoots than stage 4 and 5 flower buds. Stage 2 flower buds 

had produced significantly more shoots than stage 4 buds. 

• At the time of transfer to multiplication media, the mean number of 

shoots/explant was significantly higher for floral scape section and 

pedicel/peduncle explants than flower buds as a whole. 

• There was a general trend of increasing mean shoot number with increasing age 

of flower bud explants. However, there were no significant differences between 

the mean number of shoots produced by flower buds at different stages of 

development. 
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• After 3 months on multiplication media the mean number of new shoots per 

original shoot was similar for shoots originating from all original explant types 

(ranging from 3.57 to 4.67). However, floral scape section and flower bud 

explants produced significantly more shoots than pedicel/peduncle explants. 

• The initial explant type did not appear to influence subsequent multiplication 

rates for floral scape and pediceUpeduncle explants; but did appear to for flower 

bud explants. 

• The final multiplication rates, taking into account the original number of explants 

and the final number of shoots obtained, was higher for floral scape sections 

(36.1x) and pedicel/peduncle explants (36.3x) than flower buds as a whole 

(12.5x). 

• The final multiplication rate for flower buds was highest for stage 1 buds (22.4x). 

Stage 3 buds were also quite high (15.3x); while stage 5 had the lowest (5.0x). 

In terms of future experimentation, more work needs to be done on developmental 

stages of flower buds to narrow down the stages that respond best. Each bud should 

be categorised by size (as they were in the second experiment). The use of 

pedicel/peduncle and floral scape section explants are also definitely worth pursuing 

due to the high capacity for regeneration that these explants showed. It would be 

worthwhile testing other media for the multiplication phase to try to increase the 

number of new shoots produced. Another avenue of research would be somatic 

embryogenesis. Johnson (1997) has used in vitro grown leaf segments of B. 

grandiflora for somatic embryogenesis studies, but it would be worth trying floral 

scape slices of B. punicea as, in Tu/ipa , Gude and Dijkema (1996) found that direct 

somatic embryogenesis occurred on this explant type. 
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3.5.2 Dianella tasmanica 
• Rhizome pieces were a suitable initial explant source for in vitro propagation of 

D. tasmanica. 

• A complex disinfestation procedure worked quite well, with approximately 27% 

of explants becoming contaminated initially in 2 separate experiments. 

• An initial experiment showed that rhizome explants grew well on basal MS 

medium, with shoots developing from all buds. 

• Supplementing MS with the cytokinin BAP increased the mean number of shoots 

produced by both intact rhizome explants and subcultured shoots compared to the 

control treatments. 

• For intact rhizome explants the mean number of shoots was highest when 

explants were grown on MS + 3211M BAP. However, this result was not 

significantly different to those of any other treatment. 

• The number of shoots produced by explants grown on MS + 81AM BAP and MS + 

1281AM BAP was actually lower than those produced on the lowest BAP 

concentration (MS + 0.5p,M BAP). 

• There were major problems due to contamination and death in the intact rhizome 

explant multiplication media experiment. 

• The best treatments in terms of survival of explants, were also those that 

produced the most shoots (MS + 3211M BAP and MS + 0.5pM BAP). 

• After the second subculture on multiplication media the mean number of new 

shoots per original shoot increased for all treatments, except MS + 0.51.LM BAP, 

which decreased. 

• After the second subculture on multiplication media the mean number of new 

shoots per original shoot was still highest for shoots growing on MS + 32IAM 

BAP. This result was significantly different to all other treatment means (with 

the exception of MS + 12811M BAP). 
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• The highest mean shoot length and the most rapid growth rate were attained by 

plants on MS + 0.5gM BAP. 

• The slowest growth rate and the shortest shoots grew on MS + 8gM BAP. 

• A one-way ANOVA showed that there were no significant differences between 

treatments in regard to mean shoot length. 

• Subcultured shoots grew the greatest number of new shoots on MS + 8gM BAP. 

This result was significantly different to all other treatment means. 

• 14 different rooting media were tested for their ability to induce root initiation 

and elongation on D. tasmanica shoots. 

• The mean number of shoots that produced roots was highest in the MS + 2gM 

NAA and MS + 32gM IBA treatments. These results were significantly higher 

than those produced by many of the other treatments, including the control. 

• The lowest mean number of shoots that produced roots was on the MS + 2gM 

IBA treatment. This result was significantly lower than more than half of the 

other treatments, but not the control. 

• Five treatments had lower numbers of shoots that produced roots than the control: 

MS + 32gM NAA, MS + 2gM IAA, MS + 8gM IAA, MS + 0.5gM IBA and MS 

+ 2gM IBA. 

• At concentrations of 0.5, 2 and 8gM the highest mean number of shoots with 

roots occurred on NAA treatments. 

• At the highest concentration used (32gM), NAA produced the lowest mean 

number of shoots with roots. IBA was the best treatment. 

• The mean number of roots produced per shoot ranged from 3.0 (MS + 0.5gM 

IBA) to 18.3 (MS + 8gM NAA). 

• NAA was the best auxin to use in terms of number of roots per shoot. 

• The three treatments that produced the highest mean number of roots per shoot all 

had NAA in the media (2gM, 8gM and 32gM concentrations). Shoots growing 

on these treatments produced significantly more roots than control shoots. 
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• Shoots from six treatments produced a lower mean number of roots than the 

control: all concentrations of IAA and the two lowest IBA concentrations (n.s.). 

• The number of roots produced by shoots generally increased with increasing 

auxin concentration (for all 3 auxins tested). 

• The highest proportion of shoots that grew roots and subsequently died occurred 

in the MS + 81AM IBA treatment. This treatment was significantly different to all 

others, with the exception of MS + 0.511M IAA and MS + 321aM IAA, which also 

had very high proportions of dead shoots. 

• Only three treatments had a higher proportion of surviving shoots than the control 

(MS + AC, MS + 812M NAA and MS + 21.tM NAA) (n.s.). 

• The fastest rate of root formation occurred on shoots grown on three 

concentrations of NAA (8, 32 and 2i_tM). 

• Approximately half of the treatments showed a similar pattern of root formation - 

an initial steady increase in the rate, followed by a plateau. 

• Only — 1% of shoots became contaminated on rooting media. 

• The MS + AC treatment contained the highest number of contaminated shoots. 

This result was significantly different to the majority of all other treatments. 

• Contamination generally occurred early in the experiment. 

• Shoot health was generally good for all treatments, with the exception of MS + 

0.5mM IAA and MS + 812M IBA. 

• Callus was prevalent on shoots growing on media containing the highest 

concentrations of NAA and IBA. 

• Blue structures resembling flower buds developed on 3 shoots growing on the 

two highest concentrations of IBA (81.IM and 3211,1v1). 

• Overall, the best rooting media treatment was MS + 21AM NAA. Almost 100% of 

shoots in this treatment grew roots, with an average of 14.4 roots per shoot. The 

survival of these shoots was also very good (75%). 
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• One month after transplanting, 92.5% of plantlets had survived. 

• 3 months after transplanting, 71.1% of plants were still alive. 

• 8 months after transplanting, survival had decreased to 51.6%. 

• The majority of dead plants at each stage had rotted due to fungal attack. 

• 54% of transplanted plants with roots survived to the repotting stage (8 months 

after transplanting). 

• Only 13.6% of transplanted plants without roots, survived to the repotting stage. 

• Pearson's Chi-Squared statistic showed that there were no significant differences 

between treatments in regard to the percentage of plants that survived to the 

repotting stage. 

• At the time of repotting, plants originally from the MS + 0.5)AM IAA treatment 

had the highest survival percentage (68.8%). 

• At the time of repotting, plants originally from the MS + 8uM IBA treatment had 

the lowest survival percentage (38%). 

• Nine treatments had a survival percentage of 50% or greater. 

• The majority of plants that did not survive transplanting had less than 10 roots. 

• The majority of plants that survived transplanting had more than 2 and less than 

10 roots. 

• Pearson's Chi-Squared statistic showed that there were differences between 

"number of roots" categories in regard to the percentage of plants that survived 

transplanting. 

• A higher proportion of plants died compared to those that survived when plantlets 

lacked roots or had 1 root. 

• When plantlets lacked roots the proportion of surviving plants was significantly 

lower than the majority of other "number of roots" categories. 

• When plantlets had >14 roots at transplanting, the proportion of surviving plants 

was generally higher than the proportion of dead plants. 
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• The only categories that had a significantly higher proportion of surviving plants 

than some of the other categories were: plants with 6 roots and plants with 8 

roots. Both of these treatments had very high proportions of surviving plants. 

• Pearson's Chi-Squared statistic showed that there were differences between % 

green categories in regard to the percentage of plants that survived. 

• The two highest % green categories (100% green and 90% green) had 

significantly higher percentages of surviving plants than the majority of other 

categories, with the exception of 80% green and 30% green. 

• The majority of surviving plants were >50% green at transplanting. 

• Plants that were 25% green (or less) were more likely to die than survive. 

• The majority of dead plants were in the 50% green category. 

• When shoots were >80% green, the number of surviving plants was higher than 

the number of dead plants. 

• In terms of total number of shoots in each category - the majority of shoots were 

90% green, and only a small number of shoots were 25% green or less. 

• The majority of plants that survived transplanting were given a good health rating 

of "4". 

• Pearson's Chi-Squared statistic showed that there were significant differences 

between health ratings in regard to the proportion of surviving plants. 

• The highest health category of "5" had significantly more surviving plants than 

all other treatments. 

• When the health rating was "1" (very poor) a higher proportion of plants died 

compared to those that survived. This health category was significantly different 

to all other treatments, with the exception of "2" (which was also a poor health 

rating). 

• Only the three lowest health ratings had a higher proportion of dead than 

surviving plants. 
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• Overall, the highest number of plants were given health ratings of "3" (fair) and 

"4" (good). 

• At the time of repotting, the mean number of roots on plants from each original 

treatment ranged from 4.3 (MS + 2IAM IBA) to 9.7 (MS + 81.J.M IBA). 

• At the time of repotting, the mean number of shoots per plant ranged between 1.2 

(MS + 21./M IBA) to 2.3 (control and MS + AC). 

• At the time of repotting, the mean length of the longest leaf varied from 5.7 cm 

(MS + 0.511M IBA) to 12.8 cm (control). A one-way ANOVA showed that there 

were significant differences between treatment means. 

• At the time of repotting a strong positive correlation was found between the 

number of roots a plant had and the length of the longest leaf. 

• 12 months after repotting, the mean number of shoots per plant ranged from 1.7 

(MS + 811M IBA) to 4.2 (MS + 321.1.M IBA). 

• 12 months after repotting, the mean length of the longest leaf ranged from 16.5 

cm (MS + 321AM NAA) to 33.8 cm (MS + 8gM IBA). A one-way ANOVA 

showed that there were significant differences between treatment means. 

• The healthiest plants at this time were previously from the control treatment; 

while those previously from the MS + 32RM NAA treatment were the 

unhealthiest. 

• Shoot multiplication ex vitro for D. tasmanica plants in a 12 month period was 

quite slow. 

• In a 12 month period, plants from the majority of original treatments had grown 

more than 13.4 cm. 

• The increase in mean leaf length varied between 9.7 cm (MS + 321AM NAA) and 

23.1 cm (MS + 8IAM IBA). 

• In general, the plants that had large increases in mean leaf length, also had high 

increases in mean shoot number. 
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• Immature flower bud and floral scape sections were very easy to disinfest, with 

only 3.6% of flower bud and 0% of floral scape section explants contaminated 1 

month after cultures were initiated. 

• 3 months after cultures were initiated, the majority of flower bud explants had 

regenerated shoots on FBM, but not on MS. 

• 3 months after cultures were initiated, none of the floral scape explants had 

regenerated shoots on either media type. 

• 5 months after cultures were initiated there was still no regeneration from the 

floral scape sections and the majority had died. 

• 5 months after cultures were initiated, between 50% and 100% of flower bud 

explants (growing on FBM) from each original floral scape had regenerated 

shoots. 

• Only a maximum of 20% of flower bud explants, from half the original floral 

scapes, regenerated shoots on MS media. 

• Pearson's Chi-Squared statistic showed that there were no significant differences 

between the percentage of explants that regenerated shoots on MS — both flower 

bud and floral scape section explants showed little or no regeneration. 

• On FBM all floral stem section explants (which did not regenerate any shoots) 

were significantly different to all flower bud explants. 

• The percentage of explants that regenerated shoots on FBM was significantly 

different to those growing on MS for the majority of explants. 

• 7 months after cultures were initiated the shoots were large enough to be 

transferred to multiplication media (FBMM). 

• The mean number of new shoots produced per original shoot on multiplication 

media ranged from 2.5 (AR1) to 8.0 (LR2). 

• A one-way ANOVA showed that there were no significant differences between 

the mean number of new shoots produced by the five different plants that 

explants were taken from. 
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• The lowest mean number of shoots was produced by the smallest, and therefore 

the youngest, floral scape (AR1). 

• The mean number of shoots increased as the stage of development increased (in 

age) (n.s.). 

• The mean number of new shoots produced varied considerably between two 

different floral scapes at the same stage of development. 

• The overall multiplication rate for shoots originally from flower bud explants 

ranged from 0.92x (LB 1) to 5.82x (LR2). 

• In a second experiment comparing flower bud and floral scape section explants, 

contamination levels were again very low - 4.8% of flower buds and 2% of floral 

scape sections were contaminated after 1 month. 

• One month after cultures were initiated a small percentage of flower buds from 

each original scape were dead (5.6% from scape 1 and 8.2% from scape 2). 

• A much higher percentage of floral scape sections were dead at this time - 60% 

from scape 1 and 48% from scape 2. 

• For both explant types, the dead explants were generally from the older section of 

the floral scapes. 

• Shoots began to regenerate from flower bud explants 1 month after cultures were 

initiated. 17% of explants from scape 1 and 19.2% from scape 2 had shoots at 

this time. 

• For floral scape 1 (the youngest scape) shoots mainly developed on explants from 

the youngest and oldest regions of the scape. 

• For floral scape 2 the majority of explants that produced shoots were from the 

oldest region of the scape. 

• There was no regeneration from the floral scape section explants at this time. 

• One month after cultures were initiated, immature fruit had been produced by 

many flower bud explants from both scapes (on 64% of explants from scape 1 

and 63% from scape 2). 
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• Some explants produced both shoots and immature fruit. 

• Three months after cultures were initiated, 27.1% of flower bud explants from 

scape 1 and 26.6% of explants from scape 2 had regenerated shoots. 

• Three months after cultures were initiated all of the floral scape sections (from 

both scapes) were dead and none had shown any signs of regeneration. 

• For the younger floral scape 1, buds from the youngest regions were generally 

more regenerative than those from the older regions (n.s.). 

• For the older floral scape 2, buds from the oldest regions were more regenerative, 

with no regeneration at all from the youngest regions. Flower buds from position 

2(9) were significantly more regenerative than five other positions, including the 

youngest position, 2(1). 

• The most regenerative explants from floral scape 1 were from sections 1(2) - 

100% of explants produced shoots, and 1(3) - 66.7% of explants produced shoots. 

• The most regenerative explants from floral scape 2 were from the oldest section, 

2(9) - 63.2% of explants produced shoots. 

• The mean number of shoots produced by each floral scape was the same (2.3). 

• The total or mean number of shoots produced by flower bud explants from each 

original explant position on the scape varied from 0 to 10.0 ± 2.0. 

• For floral scape 1 the highest mean number of shoots (4.5 ± 1.5) was produced by 

flower bud explants from position 1(3). 

• For floral scape 2 the highest mean number of shoots (10.0 ± 2.0) was produced 

by flower bud explants from position 2(8). 

Somatic embryogenesis 

• D. tasmanica leaf segments began to develop callus 1 month after placement on 

all callus-inducing media treatments. 

• The best treatment for callus induction was MS + 10gM 2,4-D (dark). 
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• MS + 51.1.M 2,4-D, in either the light or the dark, was also an excellent treatment 

for inducing callus. 

• Approximately 2 months after leaf segments were placed on the callus-inducing 

media, roots and/or root hairs had regenerated from the callus. 

• One leaf segment from the MS + 5;.IM 2,4-D (dark) treatment had also 

regenerated a shoot and had the appearance of a normal seedling. 

• At the two highest 2,4-D concentrations (1 Op.M and 20iiM) callus developed on 

more leaf segments in the dark than the light (n.s.). 

• After 6 months on callus-inducing media, a total of 3 possible somatic 

"seedlings" had developed. 

• A two-way ANOVA showed that there were no significant differences between 

treatments in regard to the mean number of leaf segments with callus after 6 

months in vitro. 

• There was no regeneration from the callus that developed on MS + 20gM 2,4-D 

after 6 months on the media. 

• After 5 months on a media designed specifically for germination of embryogenic 

callus there was no change in any of the lumps of callus and the experiment was 

terminated. 

• The "somatic seedlings" grew healthily and normally on MS. 

Due to the high level of contamination and explant death that occurred in the rhizome 

multiplication media experiment, this experiment should be repeated, as results may 

have been confounded by the other factors. The explants should remain on basal MS 

for at least 3 weeks before transfer to multiplication media treatments to screen for 

contamination, as the week used in this experiment was not long enough. A larger 

scale multiplication media experiment should also be conducted to test other 

cytokinins, such as kinetin and 2iP, as these may produce better multiplication rates 

than BAP. The death of explants that occurred in this experiment may have been due 

to the nutrient concentration of MS and it may be worthwhile testing the growth of D. 

tasmanica on 1/2 MS, which was more successful for survival of B. punicea 
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explants. In regard to the rooting media experiment, more work is required to 

determine the optimal time for shoots to grow on this media before transplanting. 

Further experimentation is also required for flower bud explants. In future, when 

comparing different developmental stages, buds should be categorised by size rather 

than their position on the scape. It would also be worth trying to multiply the shoots • 

obtained from flower buds on a different media to the FBMM, to try to increase the 

number of new shoots produced. The MS + 4M BAP or MS + 321.1M BAP 

treatments that were best for multiplication of shoots obtained from rhizome 

explants, may be more suitable. Although floral scape section explants of D. 
tasmanica were unresponsive, the positive results achieved with D. intermedia 

suggest that they should still be pursued as a possible explant type. Floral scape 

sections from scapes at a wide range of developmental stages should be tried and 

grown on different media treatments, perhaps containing a stronger cytokinin 

concentration. 

The preliminary somatic embryogenesis experiment yielded promising results for D. 
tasmanica, however, more experimentation is required to determine whether this 

method would be commercially viable for this species. A range of media types 

should be tried, especially for the germination media. The auxin Picloram, which 

was used successfully for callus initiation in Blandfordia, Thysanotus and 

Anigozanthos (Johnson, 1997), should be tried as it may produce better results than 

the 2,4-D used in the present study. It may also be worthwhile to try other initial 

explant sources for somatic embryogenesis. Direct somatic embryogenesis has 

occurred when inflorescence stem slices from Tulipa (Liliaceae) (Gude and 

Dijkema, 1996) and Freesia (Iridaceae) (Wang etal., 1994) have been used as 

explants, so this may also be possible for D. tasmanica. Filament explants (with 

anthers attached) would also be worth trying, as callus has been induced on this 

explant type for other Liliaceae species, including Lilium nepalense (Wawrosch et 
al., 2001) and Tricyrtis species (Nakano etal., 2004). Somatic embryogenesis and 

subsequent plant regeneration was achieved from callus cultures of several species of 

Tricyrtis (Ibid.). 
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3.5.3 Dianella revoluta var. revoluta 
• D. revoluta flower buds were relatively easy to disinfest, with only 2.3% of 

explants contaminated 1 month after cultures were initiated. 

• 1 month after cultures were initiated a large proportion of explants were dead. 

• 4.7% of explants developed callus. 

• There was no shoot regeneration from any explants. 

• 3 months after cultures were initiated all explants were dead. 

As the work on in vitro propagation of D. revoluta was so preliminary, the 

opportunities for future research on this species are endless. However, it is believed 

that this species will respond similarly to other Dianella species in vitro (as appears 

to be the case for other closely related Liliaceae species, such as Blandfordia punicea 

and B. grandiflora). Therefore, many of the results obtained for D. tasmanica would 

probably be very similar for D. revoluta, and as such, media used for D. tasmanica 

would probably be suitable for D. revoluta. In terms of flower bud explants, the 

problems encountered with tissue browning suggest that phenolic compounds may be 

present. Therefore, in future studies a preculture wash using an antioxidant treatment 

(such as potassium citrate and citrate) would be worth trying. The unresponsiveness 

of the explants may have been due to their stage of development, so further 

experimentation using different developmental stages (categorised by bud size) 

would be worthwhile. 

3.5.4 Dianella intermedia 
• Flower buds and floral scape section explants from D. intermedia were relatively 

easy to disinfest. 

• Six days after cultures were initiated none of the flower buds and 15% of the 

floral scape section explants were contaminated. 

• Two months after cultures were initiated only 1 flower bud (5.9% of explants) 

had produced a shoot. 
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• Two months after cultures were initiated 2 floral scape section explants (3.9%) 

had developed shoots. 

• Eight months after cultures were initiated all of the flower bud explants were 

dead and/or contaminated. 

• Eight months after cultures were initiated only the 2 floral scape section explants 

with shoots were still alive, the rest of these explants were also dead and/or 

contaminated. 

• An average of 6 shoots was produced per floral scape section explant. 

This preliminary experiment with D. intermedia was promising, and as for D. 

revoluta, the opportunities for future research are endless. In regard to the floral 

explant types used in the present study, the tissue browning and death that occurred 

may have been due to the presence of phenolic compounds within the plant tissues. 

Therefore, the use of an antioxidant treatment, as proposed for D. revoluta, may also 

be worthwhile. Alternatively, explants could be regularly placed onto new media to 

prevent the build-up of polyphenolics to toxic levels. D. intermedia flower buds at a 

range of developmental stages should also be tested to determine the optimal stage 

for shoot regeneration. Floral scape sections from scapes at a range of developmental 

stages should also be used for the same reason. 

3.5.5 Milligania densiflora 
• Root explants of Milligania densiflora were easy to disinfest, but did not show 

any sign of regeneration on the media tested. 

• Shoot and leaf base explants were also relatively easy to disinfest, but all explants 

died within 20 days. 

• Immature flower bud explants were also relatively easy to disinfest - only 13.5% 

were contaminated 2 weeks after cultures were initiated. 

• All of the contaminated flower buds were from stage 1-2 of development. 
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• After 2 weeks in vitro some of the flower buds had opened, either partially or 

completely, and some of the older buds (on MS) had turned brown. 

• 1 month after cultures were initiated, globular swellings had developed at the 

base of the bud on some explants (from all developmental stages) on both media 

types. 

• 2 months after cultures were initiated a high proportion of explants were dead. 

• 3 months after cultures were initiated, 8 of the remaining explants were 

developing green structures that appeared to be shoots, but it was still too early to 

be certain. 

• The 8 flower buds that appeared to be developing shoots were transferred to 

FBMM (multiplication media), but there was no further growth or development 

on this media. 

• 3 months after flower buds were transferred to FBMM all were dead. 

• Seedlings germinated in vitro were used for a multiplication media experiment 

for M densiflora. 

• The highest mean number of shoots was produced by M densiflora seedlings 

grown on 1/2 MS + 81AM BAP (significantly higher than the control) 

• The mean number of shoots produced by the control treatment (1.08) was 

significantly lower than all other treatments, with the exception of 1/2 MS + 

0.512M BAP. 

• The number of shoots produced by seedlings increased with increasing BAP 

concentration in the media up until the 81AM concentration, and then decreased. 

• After 3 months on multiplication media a number of seedlings had died in all of 

the treatments. 

• Pearson's Chi-Squared statistic showed that there were significant differences 

between treatments in regard to the percentage of seedlings that died. 

• The number of dead seedlings was highest in the treatments supplemented with 

the highest concentrations of BAP (32IAM and 1281AM). 
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• The 1/2 MS + 12811M BAP treatment had a significantly higher proportion of 

dead seedlings than all other treatments (with the exception of 1/2 MS + 32gM 

BAP). 

• Seedling survival was best on the control treatment. 

• 1/2 MS + 81AM BAP was the best media for shoot multiplication - 100% of 

seedlings produced shoots, the mean number of shoots per seedling was the 

highest and the seedling survival was also very good. 

• M densiflora shoots from every multiplication media treatment produced roots 

when grown on 1/2 MS + 1 0: 1  AC. 

• After 8 weeks on 1/2 MS + 1 0: 1  AC, 78.2% of shoots had grown roots. 

• Pearson's Chi-Squared statistic showed that there were differences between 

treatments in regard to the percentage of shoots that produced roots after transfer 

to AC medium. 

• The 1/2 MS + 128M BAP treatment produced a significantly lower percentage 

of roots than all other treatments, except for the control. 

• A higher percentage of shoots grew roots after initially growing on multiplication 

media containing no or low concentrations of BAP. 

• 1 month after transplanting to ex vitro conditions 89.2% of plantlets survived. 

• 3 months after transplanting, survival had decreased but was still very good 

(75.3%). 

• The majority of transplants that died had rotted due to fungal attack. 

Seeds were found to be a suitable explant type for M densiflora. However, for 

micropropagation, where clonal material is required, they would not be suitable. 

Therefore, further experimentation to find a more suitable initial explant source 

should be undertaken. Above ground material would be the most suitable and as 

such, the flower buds that produced quite promising results, would definitely be 

worth pursuing. A range of developmental stages should be tried on FBM and 

perhaps other media treatments that may be more successful. Unless buds have 
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shoots that are large enough to be removed and transferred to multiplication media, 

they should not be transferred (as they were in the present study) as this only led to 

death of the flower buds. 

Floral scape sections were not tried in the present study, however, due to the success 

achieved with this explant type for Blandfordia punicea, it would definitely be worth 

trying. 

As some of the M densiflora seedlings still died on 1/2 MS in the multiplication 

media experiment, it would be worthwhile to test the growth of this species on other 

media types. Because this species naturally grows in nutrient poor soils, it may even 

be useful to try a media without any nutrients, just an agar/water mix with the 

appropriate PGRs. 
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