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Abstract 

This study is the first to undertake a detailed examination of the effects of various 

factors including plant growth regulators (PGRs), media nutrients, media pH, 

environmental conditions and the effect of antioxidants on somatic embryogenesis for 

several members of the Restionaceae and Cyperaceae. 

T w o main groups of PGRs were investigated, namely auxins and cytokinins for 

their efficacy in stimulating somatic embryogenesis. It became evident that members of 

the Restionaceae responded favourably to auxins [in particular 2,4-dichloro-

phenoxyacetic acid (2,4-D)] and species from Cyperaceae responded better to 

cytokinins [especially thidiazuron (TDZ) which behaves like a cytokinin]. 

Somatic embryogenesis was successfully achieved for three species of 

Restionaceae, Baloskion tetraphyllum, Loxocarya cinerea and Lyginia imberbis on 1/2 

strength Murashige & Skoog (MS) medium supplemented with 1 u M 2,4-D. The 

inclusion of a cytokinin [kinetin (Kn) or benzyladenine (BA)] in the follow-up media 

significantly increased the conversion of somatic embryos (SE) into functioning 

plantlets. The resulting plantlets were transferred to soil with 100 % survival (8 weeks 

after potting out). 

Production of secondary SE for B. tetraphyllum was achieved on 1/2 M S + 1 

u M 2,4-D with a 30-fold increase in 9 weeks from primary SE. Other auxins [including 

indole-3-acetic acid (IAA), a-naphthaleneacetic acid ( N A A ) and picloram (Pic)] were 

not as effective in stimulating SE for B. tetraphyllum. In contrast, L. cinerea responded 

to several auxins (IAA and Pic) and T D Z with a number of SE produced. Secondary 

somatic embryogenesis was also achieved for L. cinerea from primary SE initiated on 

1/2 M S + 1 0 u M T D Z and subsequently sub-cultured onto 1/2 M S medium devoid of 

PGRs with a 9-fold increase in SE numbers over 6 weeks. 

There was limited embryogenic response for Lepidosperma tenue, 

Lepidosperma squamatwn and Baumea vaginalis (Cyperaceae) from leaf basal portions 

when treated with auxins. However, excised zygotic embryos were highly effective in 

stimulating somatic embryogenesis for these species. 
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Efficiency of SE production was strongly related to the age of the explant 

material with excised zygotic embryos or primary SE being the best explant source for 

the production of SE. Young (5-7 d) and mature (8-14 d) coleoptiles of B. tetraphyllum 

were compared for their ability to produce SE. Younger coleoptiles produced -50 % 

more SE than more mature coleoptiles. Leaf basal portions, containing a meristematic 

region were more responsive to P G R s than mature leaf segments for all species 

investigated in both families. Mature leaf segments began browning within 2 days and 

were classified as dead by the end of two weeks. It is envisaged that the lack of any 

activity (for leaf segments) was due to the excessive levels of phenolic compounds 

released during the excision of the plant material and the maturity of the cells within the 

leaf segments. 

Investigation of two carbohydrate sources (sucrose and maltose) demonstrated 

that 20 g L"1 sucrose was best for the stimulation of SE. Maltose alone significantly 

reduced SE numbers for all species investigated. Effects of p H on the efficiency of 

somatic embryogenesis varied between species. In some species higher media p H 

resulted in less SE being produced and for B. vaginalis p H 6.0 produced 10-fold more 

SE than p H 5.5. Incubation in the dark was significantly better at stimulating both 

primary and secondary somatic embryogenesis compared to incubation in the light (for 

B. vaginalis and B. tetraphyllum, respectively). For the successful conversion of S E into 

plantlets it was essential that cultures were maintained under light. 

Browning of explants was a major obstacle to the successful initiation of SE. 

Several antioxidants were investigated to reduce browning, including tri-

potassiumxitrate (KC) and citric acid (CA) alone, and in combination with each other 

(KC:CA). For L. tenue and L. cinerea, the inclusion of 1 m M C A reduced browning and 

significantly increased the number of SE compared to 1 u M 2,4-D alone. Subsequent 

investigations of 0.1 % K C : C A combined with 1 u M 2,4-D for B. tetraphyllum, yielded 

a 127-fold increase in the number of SE produced in 9 weeks compared to treatments 

without K C : C A (yielding a 25-fold increase). 
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T w o brassinosteroids were investigated, epi-brassinolide (EP) and 22(S),23(S)-

homo-brassinolide (HB) alone and in combination with 2,4-D for 4 species (B. 

tetraphyllum, L. cinerea, L. tenue and Mesomelaena tetragona) to determine their 

effects on somatic embryogenesis. Gibberellic acid (GA3) at 1 \iM was included in 

several treatment combinations to elucidate whether E P and H B displayed gibberellin-

like qualities in regard to shoot elongation. 

The inclusion of 1 u M E P with 2,4-D significantly reduced SE and root hair 

numbers for B. tetraphyllum and L. cinerea, but, increased callus production. The 

development of a functioning root system is vital for the re-introduction of plantlets into 

the environment to allow for successful establishment, absorption of water and uptake 

of nutrients especially in the nutrient-deficient soils of Western Australia. E P did not 

stimulate shoot elongation compared to the control or GA3, but appeared to reduce 

shoot length. 

Secondary somatic embryogenesis was successfully achieved for L. cinerea 

using calli initiated on 3 treatments (1 u M E P + 1 u M 2,4-D, 1 u M 2,4-D and 1 u M H B 

+ 1 u M 2,4-D) after transfer to 1/2 M S medium devoid of PGRs. All S E successfully 

converted into plantlets and were transferred to soil. 

Investigation of L. tenue and M. tetragona utilising brassinosteroids 

demonstrated no significant difference in shoot length for G A 3 , 2,4-D or E P treated 

explants (in contrast to B. tetraphyllum and L. cinerea where the inclusion of E P 

significantly reduced shoot length). There were no SE produced and callus was greatest 

on the combined treatments of E P with 2,4-D. 

In this thesis, methods for the efficient clonal propagation of a number of 

Australian Native Southern Rushes (Restionaceae) and Sedges (Cyperaceae) were 

developed. Many interactive factors, which are thought to influence embryogenic 

efficiency, were investigated including PGRs, different tissue sources, environmental 

conditions, media pH, carbohydrate sources and the evaluation of antioxidants to reduce 

browning of explants during the initiation phase. 
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Somatic embryogenesis was successfully achieved in several species, including 

B. tetraphyllum, L. cinerea, L. imberbis (Restionaceae) and L. tenue, L. squamatum and 

B. vaginalis (Cyperaceae). This research has provided valuable information on the 

difference in embryogenic response between the Restionaceae and Cyperaceae and has 

provided the basis for the development of protocols for the rapid, mass propagation of 

these species essential for the rehabilitation of disturbed habitats. 
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C h a p t e r 1 General Introduction 

1.1 Overview of Restionaceae and Cyperaceae 

Restionaceae are slow growing, perennial herbs that are commonly found in the 

southern hemisphere including Australia. Cyperaceae are cosmopolitan and occur as 

wetland and dryland species in most Western Australian ecosystems (Rossetto et al, 

1992). Both families have failed to satisfactorily re-establish after mining disturbance 

(Meney and Dixon, 1995a) and many members are characterised by low seed 

production and poor seed quality. Previous studies have demonstrated that these 

families do not respond well to the usual micropropagation techniques (Meney and 

Dixon, 1988; Meney et al, 1990). Under natural conditions, seeds remain viable in soil 

for up to two years undergoing wetting and drying cycles before germination will occur. 

In a study by Meney and Dixon (1988), four species of Restionaceae and Cyperaceae 

could not be effectively recruited from seed, regardless of the dormancy release 

treatment. The only effective method was through the excision of zygotic embryos 

demonstrating that seed dormancy mechanisms or some other form of physiological 

barrier must be removed before germination can occur (Meney and Dixon, 1988). In 

other cases, micropropagation has been effective in the initial stages, but multiplication 

and/or transfer to soil have been unsuccessful or met with limited success. Some species 

studied to date have produced between 1 to 3-fold increase in shoot multiplication over 

5-6 weeks, with a number of species requiring a further 6-7 weeks on root induction 

medium before transfer to soil (Meney and Dixon, 1995b). 

The following provide a brief description of each species investigated in this study. The 

first three taxa belong to the Restionaceae (southern rushes) and the remaining species 

belong to the Cyperaceae (sedges). Apart from B. tetraphyllum (an eastern Australian 

species), all species investigated are important for the rehabilitation of mine sites and 

wetland areas in Western Australia, yet are limited in application for restoration due to 

restricted propagation success. Success with somatic embryogenesis for these species 

may provide important and useful information for the determination of broader 

principles for S E production across a range of 'graminoid' groups. 
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1.1.1 Study Species 

Baloskion tetraphyllum (J.J.H. de Labillardiere) B.G. Briggs & L.A.S. Johnson 

(Restionaceae) is confined to eastern Australia and extends from North Queensland to 

Tasmania and South Australia. It grows in sand or peaty soil in swamps and along 

stream banks and is an obligate seeder, regenerating from seed mostly after fire with 

seed maturation taking 6-8 months (Meney and Pate, 1999). Koala Fern (common 

name) is prized as a cut flower and at present is either wild picked or propagated by 

seed. Propagation is both labour intensive and time consuming, whilst wild picking can 

have detrimental conservation outcomes. 

Loxocarya cinerea (R.Br.) is widespread and common member of the Restionaceae and 

is limited to the south-west region of W A , extending along the south coast from 

Augusta to Albany (Meney and Pate, 1999). It occurs in habitats characterised as dry or 

seasonally damp heath, in woodlands, close to stream margins and in sandy or lateritic 

soils. It is typically slow growing, and because it spreads by rhizomes, is strongly 

clonal. This species is classified as a resprouter and is rarely observed recruiting from 

seed in nature (Meney and Pate, 1999). 

Lyginia imberbis (R.Br.) (Restionaceae) is widespread and common from the 

Murchison River to Israelite Bay in Western Australia and grows in sand or peaty sand 

in dry or seasonally damp heath and woodland. This species flowers in autumn, winter 

and spring with seed maturation taking 10-12 months. The species naturally regenerates 

after fire and is therefore considered a resprouter. It has a dioecious habit with erect 

rhizomes buried up to 5 c m deep bearing fire-resistant buds. The species is extremely 

difficult to propagate from seed, vegetative propagation or via micropropagation 

(Meney and Pate, 1999). 
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Lepidosperma tenue Benth. (Cyperaceae) is widespread and abundant throughout 

Western Australia (Keighery and Marchant, 1979) and has been difficult to re-establish 

after disturbance due to low seed set, low seed viability and high mortality of vegetative 

propagules (Meney and Dixon, 1988). The species is a rhizomatous, tufted perennial 

sedge growing in grey or lateritic sand and granite areas with flowers from M a y through 

October. 

Lepidosperma squamatum R.Br, (previously L. angustatum) (Cyperaceae) is again 

widespread and common in a variety of soils and habitats from heath and shrubland to 

woodland. The species occurs from the north of Geraldton to Israelite Bay (Wheeler, 

2002) and is of high value for revegetation of disused mining sites within Western 

Australia requiring large numbers for rehabilitation. 

Baumea vaginalis (Benth.) S.T. Blake or sheath twig-rush is often confused for a rush 

(Restionaceae) rather than a sedge (Cyperaceae). This species is important for wetland 

rehabilitation, as it prefers wet mud or shallow water. The species occurs frequently in 

watercourses, swamps and lakes and extends along the coast of Western Australia from 

Augusta to Perth and eastwards to the Kalgan River (Wheeler, 2002). 

Mesomelaena tetragona R.Br. (Cyperaceae) is a tufted perennial sedge growing to 

about 0.8 m in height. The semaphore sedge is characterised by brown/black flowers 

from January through to November. The species is widespread and very common 

throughout the south-western regions of Western Australia and favours brown, grey or 

lateritic sand (Wheeler, 2002). 
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1.2 Potential of Somatic Embryogenesis as a Clonal Propagation Method for 

Rapid Production of Rushes and Sedges 

In vitro propagation is not new, but has been extensively developed over the past 40 

years and is widely used as a method of clonal plant propagation. The technique utilises 

the ability of a single plant cell to regenerate into an entire plant (totipotency) when 

provided with adequate conditions for growth and development (Vasil and Thorpe, 

1994). This is especially advantageous when the parent material is rare and suitable 

growing tips are not available for conventional vegetative propagation. Advances in 

plant propagation techniques have made it possible to propagate previously recalcitrant 

Australian plant species but, in some vital cases, have not been universally successful 

with species belonging to the Restionaceae and Cyperaceae (Meney and Dixon, 1995a). 

Somatic embryogenesis was first described for carrot callus (Steward et al., 1958) and 

since this time has been recognised as an efficient clonal propagation method and 

provides the basis for producing artificial seeds (Vajrabhaya, 1988). Somatic 

embryogenesis represents a major technology for the rapid large-scale propagation of 

important plant species where conventional micropropagation techniques have not been 

successful. It is a process by which somatic cells undergo a developmental sequence, 

similar to that seen in zygotic embryos, without the need for fusion of gametes (Cervelli 

and Senaratna, 1995). In contrast to organogenesis, where cells undergo changes 

leading to the production of a unipolar structure (either a root or a shoot), somatic 

embryogenesis results in a bipolar structure with both root and shoot meristems and an 

independent vascular system. The switch from a non-sexual cell to embryo formation is 

stimulated by a variety of chemicals or P G R s and has distinct stages, particularly for 

dicotyledonous plants (George, 1996). However, the development of S E in 

monocotyledonous plants does not proceed through such discrete phases and it is often 

difficult to determine whether embryogenesis has occurred, because S E are similar in 

appearance to spherical shoot meristems. 
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Embryos of monocotyledonous plants give rise to shoots from spherical bodies and as 

they continue to grow, develop structures resembling a scutellum and coleoptile 

(George, 1996). Both families under investigation in this study are monocotyledonous. 

There are several advantages associated with somatic embryogenesis. During 

conventional micropropagation techniques, micro-shoots are produced which must be 

rooted in a separate procedure (Cervelli and Senaratna, 1995). Rooting of native species 

can often be problematic, requiring extensive investigations into the types, levels and 

duration of exposure to auxins to stimulate effective rooting (Taji and Williams, 1996). 

A n acclimatisation period on PGR-free medium is often then required before plantlets 

can be transferred to soil. In contrast, SE are bipolar structures (as described above) and 

as such there is potential for a reduction in labour, time and cost (Cervelli and 

Senaratna, 1995). It must be noted that somaclonal variation can occur in cultures that 

are maintained for long periods of time (i.e. >5 years) or cultures that are subject to 

excessive levels of 2,4-D (Senaratna, 1992). However, in several studies using 

chromosome counting and R A P D techniques, no somaclonal variation has been 

observed (Fourre et al, 1997; Heinze and Schmidt, 1995). The potential therefore exists 

for the production of much higher numbers of plants with morphological and 

cytological uniformity and this is particularly important for commercial applications 

and germplasm preservation. It is possible for thousands of propagules to be produced 

by somatic embryogenesis from a very small amount of plant tissue [i.e. an estimated 

60,000 units per gram of tissue (Senaratna et al, 1990)]. 

A number of PGRs, particularly auxins, have been demonstrated to stimulate somatic 

embryogenesis (Zimmerman, 1993). I A A is a natural auxin and the most common found 

in higher plants. Other compounds that display auxin-type activity include N A A , IBA 

and 2,4-D. It is known that auxins are involved in the regulation of elongation growth in 

young stems and coleoptiles and can also affect root initiation and lateral bud dormancy 

(Taiz and Zeiger, 1991). Auxins are often required for the induction of callus from 

explants (George, 1996) and 2,4-D is commonly utilised for this purpose. There is also 

evidence that suggests a combination of auxins and cytokinins is vital to stimulate 

callus in dicotyledonous plants whereas the presence of a cytokinin is not always 

necessary for the induction of callus in monocotyledonous plants (George, 1996). 
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In vitro explants can be treated with exogenous auxins to promote somatic 

embryogenesis in two ways; by including an auxin treatment in the media or by a 

"pulse" treatment that may last 2-3 days. Treatments with short, pulse applications of 

auxins are often used to overcome the problem of callus formation by providing the 

inductive signal for somatic embryogenesis. The optimal concentration of each type of 

hormone differs according to the type of plant being cultured, the culture conditions and 

the type of P G R utilised. The interaction between auxins and cytokinins is complex and 

often more than one combination of these substances can produce the same results. 

Cytokinins are a class of PGRs that appear to have the opposite effect to endogenous 

auxins (George, 1996). W h e n utilised in culture media they tend to overcome apical 

dominance and release lateral buds from dormancy (George, 1996) thereby stimulating 

shoot production. Like auxins, there are naturally occurring cytokinins [zeatin (Z), 2iP-

6-Y-Y-dimethylallyamino-purine (2iP)] as well as synthetic analogues (Thomas and 

Blakesley, 1987) kinetin (Kn) and benzyladenine (BA). B A has been used to stimulate 

somatic embryogenesis in Citrus spp. (Carimi et al., 1995) and often the inclusion of a 

cytokinin in the later media stimulates the conversion of S E into plantlets (Kato, 1996). 

The role of cytokinins in stimulating SE has not yet been clearly defined, however, it 

has been demonstrated that cytokinins induce cell division in the initial phase of 

somatic embryogenesis (Nadel et al, 1995). 

In general, once cells have fully differentiated and matured they do not divide again 

during the life of the plant (Taiz and Zeiger, 1991). However, plant cells that retain a 

nucleus at maturity can be forced by exogenous events (such as wounding, infection 

with bacteria or through the application of PGRs) to divide (Taiz and Zeiger, 1991). 

Cytokinins are known most notably for their ability to stimulate cell division and are 

usually found in young, rapidly dividing cells of the shoot and root apical meristems. 

Cytokinins are also known to affect the rate of protein synthesis (Taiz and Zeiger, 1991) 

which in rum influences cell division. 
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Thidiazuron (TDZ) is a phenylurea compound which has been shown to stimulate 

somatic embryogenesis because it mimics the actions of both cytokinins and auxins 

combined (Hutchinson and Saxena, 1996; Murthy et al, 1995). In research by 

Radojevic et al. (1987) a combination of I A A and B A was compared to T D Z and the 

results demonstrated that T D Z alone was significantly better at stimulating 

embryogenesis than the combination of auxins and cytokinins. In other work by Visser 

et al. (1992) two days on T D Z media was sufficient to stimulate successful somatic 

embryogenesis in geranium hypocotyl cultures. 

Brassinosteroids (BR) are a class of steroid compounds having similar activity to 

brassinolide. They are considered relatively "new" PGRs and are able to influence shoot 

elongation, cell division and metabolic pathways associated with storage proteins 

(Nieves et al, 2002). This is important because in true seeds, the accumulation of 

reserves occurs in the embryonic axis, cotyledons and endosperm (Gray and Purohit, 

1991). However, S E lack an endosperm and have only rudimentary cotyledons and as 

such, have only one tenth of the storage proteins compared to a true seed-based embryo 

(Aitken-Christie et al, 1995). Therefore, although the stimulation of SE is sometimes 

possible, the maturation and successful conversion of these SE into plantlets is 

frequently problematic. B R were therefore investigated to determine whether their 

inclusion would assist in the conversion of SE into plantlets. 

1.3 Aims and Rationale of the Study 

This study sequentially examined the following stages in the development of SE for a 

variety of species belonging to the Restionaceae and Cyperaceae: 1) initiation of SE 

from primary explants, 2) proliferation of embryogenic cultures and 3) conversion of SE 

into plantlets. 
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1.3.1 Initiation of Somatic Embryos 

The aim of this development phase was to investigate the key P G R s involved in the 

induction of embryogenic cells by investigating auxins and cytokinins as inducers of 

somatic embryogenesis. There are reports of regeneration via somatic embryogenesis 

showing a delicate balance of endogenous auxins and cytokinins is responsible for 

controlling cell division and differentiation (Chen and Chang, 2001; Dacunha and 

Ferreira, 1996; Eapen and George, 1993; Gray et al, 1993; Hutchinson et al, 1996a; 

Jourdain et al., 1997; Loiseau et al., 1995; Ma, 1998; Murthy et al., 1995; Murthy et al, 

1998; Victor et al, 1999). T D Z (not produced in plants) has been extensively 

investigated because it has been more effective (in certain instances) than natural 

cytokinins for inducing somatic embryogenesis (Binzel et al, 1996; Hutchinson et al, 

1996a; Kaneda et al, 1997; Kumar et al, 2001; Murch et al, 1997; Murthy et al, 1995; 

Sankhlaefa/., 1994). 

The selection of the tissue source is important, because, although all cells are 

considered to have the potential to regenerate into complete plaits, the embryogenic 

response to a particular chemical signal is thought to vary between tissue types (Cervelli 

and Senaratna, 1995). To investigate this, several different tissue types were evaluated 

in this study: coleoptiles (of two different ages), leaf segments, leaf basal portions, 

excised zygotic embryos (when available) and primary SE. 

In concert with the ability of a tissue type to respond to the application of exogenous 

PGRs, is the difference in response of each tissue type to wounding. Severe browning of 

explants was a serious problem throughout this study. Garton and Moses (1986) 

working with Alnus oregona showed that the damage caused by the initial wounding 

and associated production of phenolic compounds was the most severe. It was 

anticipated that the inclusion of an antioxidant during the initiation phase would reduce 

browning and thereby improve somatic embryogenesis. 
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The redox potential of a solution determines whether a compound will be oxidised or 

reduced. Oxidation occurs when the compound loses electrons, and reduction is when 

the compound gains electrons. Oxidation and reduction occur simultaneously in a 

chemical reaction between two compounds and one cannot take place without the other. 

A n antioxidant is an electron donor, which inhibits the oxidation of labile substrates 

(Siegel and Porto, 1961). Reducing agents that remove oxygen and lower the redox 

potential of a solution can be effective in preventing the browning response of plants 

because they interfere with the oxidation of phenols (Siegel and Porto, 1961). 

Oxygen radicals are responsible for some of the oxidative damage caused during 

excision of tissues from the parent material. Antioxidants can reduce this damage by 

scavenging these free radicals (Thompson et al, 1987). Ascorbic acid is water soluble, 

synthesised in the cells of plants and together with Vitamin E functions as a free radical 

scavenging system. Ascorbate behaves as a reducing agent and is converted to dehydro-

ascorbic acid after accepting an electron from active oxygen species (Elmore et al, 

1990). Cells are protected from oxidative injury because ascorbate is able to detoxify 

hydrogen peroxide (Foyer et al, 1983) and other oxygen radicals produced when the 

tissue is damaged (Senaratna et al, 1987). There are other antioxidant enzymes such as 

superoxide dismutase and glutathione reductase which also scavenge free radicals and 

prevent oxidative injury (Senaratna et al., 1987). 

Citric acid/ascorbic acid mixtures are commonly used to delay browning (George, 

1996). Mante and Tepper (1983) successfully used a mixture of ascorbic acid, citric 

acid and cysteine to prevent browning in Musa textilis explants. The antioxidant 

treatment investigated in this study comprised a combination of tri-potassium citrate 

and citric acid. The potassium component of this treatment was included because it is 

effective in balancing the negative charges of inorganic and organic anions and is 

quickly transported across cell membranes to regulate p H and osmotic potential within 

cells. In addition, potassium is a major plant element required for growth and does not 

appear to have any adverse effects on cell function (Salisbury and Ross, 1992). 
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Nutrients play an important role in somatic embryogenesis as different nutritional 

environments together with PGRs can either promote or reduce the production of 

embryonic precursor tissue (Guis et al, 1997; Shrikhande et al, 1993; Sujatha and 

Prabakaran, 2001). It was necessary to research type and levels of basal medium 

composition e.g. Gamborg (GB5) (Gamborg et al., 1968) versus Murashige & Skoog 

(MS) (Murashige and Skoog, 1962) and two of the most commonly used carbohydrate 

sources (sucrose versus maltose). The type, level and duration of explant exposure to 

PGRs were investigated, as well as light versus dark incubation and the effect of media 

p H on the successful production of SE. 

1.3.2 Proliferation of Embryogenic Cultures 

To develop an efficient propagation method, it is necessary to develop a multiplication 

phase of the embryonic cells and to identify optimal conditions for the development of 

primary SE in the study species. In other studies, it has been demonstrated that transfer 

of explants to auxin-free medium is necessary for somatic embryogenesis to occur. That 

is, auxins are initially required to induce embryogenic callus but must be omitted from 

the follow-up media for further development (Choi et al, 1997; Hutchinson et al., 

1996b; Zhang et al, 2001). In other studies, the inclusion of a cytokinin such as K n was 

beneficial to the sustained production of embryogenic callus or secondary somatic 

embryogenesis (Chen and Chang, 2001; Choi et al., 1997; Hutchinson et al., 1996a; 

Kumlehn and Nitzsche, 1995; Parra and Amo-Marco, 1998). Once primary S E had been 

successfully initiated, studies were undertaken to determine whether rapid proliferation 

of secondary somatic embryogenesis could be induced and sustained for long periods of 

time. It was necessary to determine the most effective P G R s for cell multiplication and 

to determine the effects of environmental conditions such as light versus dark 

incubation on somatic embryogenesis. 
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1.3.3 Conversion ofSE into Plantlets 

Stimulation of SE is often possible, but the successful conversion of these S E into 

thriving plantlets can be difficult to achieve. Manipulation of the "conversion medium" 

was undertaken to determine whether the inclusion of cytokinins, reduction in auxins 

and light versus dark incubation would assist in stimulating the conversion of S E into 

plantlets. 

Although the use of somatic embryogenesis has increased over the past years for crop, 

vegetable, ornamental and tree species there is only one report of low levels of (non

commercial) somatic embryogenesis for Cyperaceae (Caustis dioicd) (Sieler et al., 

1997). A s such this work represents new scientific research into the development of 

somatic embryogenesis for the Restionaceae and Cyperaceae. 

1.4 Thesis Presentation 

The thesis is presented as ten chapters with Chapters 3-9 presented in a format in 

preparation for publication. Chapter one represents a general introduction to somatic 

embryogenesis including a literature review, an introduction to the species to be 

investigated and the study aims and rationale. 

Chapter two describes materials and methods that are common to all experiments 

undertaken in this investigation to avoid repetition in each chapter. 

The first two experimental chapters (3 and 4) are dedicated to the effects of auxins and 

cytokinins respectively for members of the Restionaceae, with chapters 5 and 6 

discussing auxins and cytokinins (respectively) for members of the Cyperaceae. 
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The remaining experimental chapters (Chapters 7, 8 and 9) are a combination of studies 

for both Restionaceae and Cyperaceae investigating antioxidant treatments, the role of 

brassinosteroids in stimulating somatic embryogenesis and environmental conditions 

such as light versus dark incubation, carbohydrate source and media p H on somatic 

embryogenesis. 

The final chapter forms the synthesis of the thesis, including a general discussion of the 

implications of this research for the rehabilitation of disturbed Australian landscapes 

and discusses possible future research based on the outcomes of the research presented 

here. 
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Chapter 2 Materials and Methods 

Plant material for many of the species was severely limited and as such 

experimentation, in some cases, was restricted. For B. tetraphyllum and L. tenue, several 

different seed batches were utilised for experimental work, resulting in some variation 

in the results depending on seed viability. Another significant factor was the presence of 

an endophytic bacteria for one particular species (L. tenue) and this is further discussed 

in Chapter 5 and the General Discussion. 

The following materials and methods are common to all the following chapters and 

plant species investigated in this study unless otherwise stated. 

2.1 Generation of B. tetraphyllum Coleoptiles 

Seeds were obtained from several sources (Table 2.1) and extracted from their outer 

culm sheaths by gentle abrasion between two pieces of sandpaper. The seed and culm 

mixture was passed through a 60 u m wire sieve to separate the "naked" seed from 

debris. Seeds were surface sterilised in 1.0 % (w/v) calcium hypochlorite [Ca(OCl)2] for 

15 min followed by rinsing 3 times in sterile deionised water (sdw) and transferred to 

1/2 M S medium solidified with 6 g L"1 agar and 20 g L"1 sucrose, p H 6.0 (adjusted prior 

to autoclaving) for germination. Observations were made on a daily basis until 

coleoptiles had reached a minimum length of -10 m m . The coleoptiles were then 

excised into ~2 m m sections for culture. 

2.2 Plant Material 

Tissue cultured plantlets and different seed batches for several species of Restionaceae 

and Cyperaceae were obtained from a variety of sources (Table 2.1). Cultures were 

maintained on 1/2 M S medium free of P G R s for a minimum of 4 weeks prior to 

imposition of treatments. 
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Table 2.1: Sources of tissue cultured plant material and seed. 

Family Species Name Supplier 

Restionaceae Baloskion tetraphyllum 
(J.J.H. deLabillardiere) 
B.G. Briggs & L.A.S. 
Johnson 

Restionaceae Loxocarya cinerea R.Br. 

Restionaceae Lyginia imberbis RBr. 

Cyperaceae Lepidosperma tenue Benth. 

Cyperaceae Lepidosperma squamatum 
RBr. 

Cyperaceae Baumea vaginalis (Benth.) 
S.T. Blake 

Cyperaceae Mesomelaena tetragona R.Br. 

Copper Mines of Tasmania, Queenstown (seed). 
Wildseed Tasmania, Tasmania (seed). 
Ellison Horticultural Pty Ltd, N S W (seed). 

Alcoa Australia (Tissue cultured plant material.) 

Kings Park & Botanic Gardens 
(Tissue cultured plant material.) 

Alcoa Australia 
(Tissue cultured plant material and seed.) 

Alcoa Australia 
(Tissue cultured plant material and seed.) 

K.Meney of Syrinx 
(Tissue cultured plant material.) 

K.Meney of Syrinx 
(Tissue cultured plant material.) 

2.3 Preparation of Explants 

2.3.1 Leaf Segments 

Whole leaves (90) were aseptically isolated from tissue cultured plantlets and sectioned 

into 5-10 mm lengths. Leaf segments were excised a minimum of 10 mm from the base 

of the leaf and sub-cultured onto the appropriate media with 3 replicates per treatment. 

2.3.2 Leaf Basal Portions 

All species investigated in this study are monocotyledonous thus having "growing 

regions" at the base of each leaf (Raven and Johnson, 1992). Leaf basal portions were 

excised into 4-5 mm sections, paying particular attention to maintain the extreme base 

of the leaf containing the meristematic region. 
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2.3.3 Seed Sterilisation and Excision of Zygotic Embryos 

Seeds were surface sterilised in 1.0 % (w/v) calcium hypochlorite [Ca(OCl)2] for 5/5/5 

mins on/off/on under vacuum and rinsed 3 times in sdw before aseptically removing the 

seed coat. The intact endosperm, containing the embryo, was surface sterilised with 1 % 

Ca(OCl)2 for 5 mins, rinsed 3 times in sdw and imbibed overnight in sdw. Zygotic 

embryos were aseptically excised and transferred to the appropriate treatment media. 

2.4 Basal Medium and Common Culture Conditions 

Basal medium (BM) consisted of 1/2 strength M S medium supplemented with 20 g L" 

sucrose, 6 g L"1 agar, p H 6.0 (adjusted prior to autoclaving) with the following 

additional components: 500 u M Myo-inositol, 4 u M Niacin, 3 jxM Thiamine HC1 and 

2.5 u M Pyridoxine HC1. All non-heat labile PGRs were supplemented into the media 

prior to autoclaving, whilst heat labile PGRs were filter sterilised and added after 

autoclaving. Explants were cultured in petri dishes containing -25 ml of treatment 

medium and observations were recorded weekly. In general, cultures were maintained 

in the dark at 22-25 °C for a minimum of 6 weeks. Light incubation consisted of 16 h at 

- 30 u M m"2 s"1 PPFD and 8 h dark. Experiments comprised 10 explants per petri dish 

with a minimum of 3 petri dishes per treatment. 

2.5 Observations Recorded 

The number of SE were recorded on a weekly basis. Callus was classified by width and 

given a numeric score as follows: 1 = 1-3 m m , 2 = 4-6 m m , 3 = 7-9 m m , 4 = >10 m m . 

Callus morphology was classified as either friable or compact. Colour of callus was also 

recorded. Shoot development was assessed as absent (0) or present (1) only when there 

was direct regeneration from the leaf basal portions. Swelling of the explant was 

assessed as absent (0) or present (1). 
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Abundance of root hair was classified using a hedonic scale of 1 to 4 with 1 

representing the first visible evidence of root hair and 4 representing total coverage of 

the explant/callus/SE with root hair. Conversion of S E into plantlets was calculated 

based on the total number of well-developed plantlets obtained in each treatment in 

relation to the original number of primary SE. 

2.6 Statistical Analysis 

Data were statistically analysed using A N O V A where appropriate. M e a n comparisons 

between treatments were made using Fisher's Protected L S D with 95 % confidence 

intervals. Percentage values were arcsine transformed prior to analysis. Untransformed 

data is presented in Tables and Figures. 
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Chapter 3 Somatic Embryogenesis in Representatives of the 

Restionaceae: Investigation of the Role of Auxins as the 

Primary Inducers of Somatic Embryogenesis 

3.1 Abstract 

Somatic embryos (SE) were successfully induced from excised coleoptiles (5-7 d) 

of Baloskion tetraphyllum (-16 SE.explanf1), leaf basal portions of Loxocarya cinerea 

(~ 2 SE.explanf1) and Lyginia imberbis (-1 SE.explanf1) on 1/2 M S + 1 u M 2,4-D. The 

inclusion of cytokinins in the follow-up media significantly increased the conversion of 

L. cinerea SE into plantlets with 50 %, 26 % and 17 % successful conversion into 

plantlets for 1 u M BA, 1 u M K n and 1/2 M S respectively. 

Proliferation of secondary SE was achieved for B. tetraphyllum utilising primary 

SE as the tissue source with a significant 30 fold increase in 9 weeks when cultured on 

1/2 M S + 1 u M 2,4-D. 

Other auxins, including p-chlorophenoxyacetic acid (CPA), indole-3-acetic acid 

(IAA), a-naphthaleneacetic acid (NAA) and picloram (Pic) were also evaluated, but 

none were as effective as 2,4-D for inducing SE in B. tetraphyllum. In contrast, there 

were SE produced for L. cinerea using IAA at 5 u M and 10 u M (2x greater than 1 u M 

2,4-D) and 5 u M Pic (2.6 SE.explanf1). 

Investigation of Gamborg (GB5) and Murashige & Skoog (MS) media (at full 

and half strength with 1, 5 or 10 u M 2,4-D) demonstrated that 1/2 M S + 1 u M 2,4-D 

was the optimal combination for the stimulation of SE in B. tetraphyllum. However, in 

contrast, the type and strength of the basal medium was far less critical for L. cinerea 

which responded to a variety of basal media including GB5 + 1 u M 2,4-D, M S + 1 u M 

2,4-D, 1/2 M S + 1 u M 2,4-D and 1/2 M S + 5 u M 2,4-D. 
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Young coleoptiles (5-7 d) produced 50 % more S E than older coleoptiles (8-14 

d) for B. tetraphyllum. Mature leaf segments of L. cinerea and L. imberbis were 

ineffective in elucidating an embryogenic response regardless of the type and 

concentration of auxin investigated. In contrast, leaf basal portions for these species 

were significantly more responsive with the successful production of SE. 
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3.2 Introduction 

In general, large numbers of Restionaceae are required at any one time to rehabilitate 

disused mine sites. In the past, this has been difficult to achieve because propagation 

through conventional micropropagation techniques has been poor due to a lack of in 

vitro response to P G R s commonly used in tissue culture media. Multiplication rates are 

often so low, that it is extremely difficult to satisfactorily replace this important 

understorey species. 

As described in Chapter 1, somatic embryogenesis is a process by which somatic cells 

undergo a developmental sequence, similar to that seen in zygotic embryos, without the 

need for sexual recombination. For further details refer to the diagram describing the 

process of somatic embryogenesis (Thorpe, 1995). The switch from a non-sexual cell to 

a competent embryo-forming cell is stimulated by a variety of chemicals and P G R s 

(Senaratna, 1992). It is envisaged that development of somatic embryogenic technology 

will provide a significant improvement compared to conventional micropropagation 

techniques for species within the Restionaceae and will lead to a more efficient 

propagation system for rehabilitating disturbed habitats. 

Auxins have various effects when utilised in tissue culture. They are commonly used to 

promote callus growth because of their ability to stimulate cell division and expansion 

and are also used to promote rooting of explants (George, 1996). It is also true that 

many aspects of cellular differentiation are controlled by the interaction of both auxins 

and cytokinins. For example, axillary shoot proliferation in shoot cultures requires a 

high concentration of cytokinin combined with a low concentration of auxin. In 

contrast, root formation generally requires a high auxin to low cytokinin ratio. Somatic 

embryogenesis is often initiated in media supplemented with auxins (particularly 2,4-D) 

and it has been suggested that induction of somatic embryogenesis occurs in response to 

altered auxin: cytokinin balance (Murashige, 1977). 
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Auxins have been widely used as the primary chemical inducer for somatic 

embryogenesis in a range of plant species (Zimmerman, 1993). The mode of action of 

auxins in promoting growth of plant tissues is thought to occur in two ways: 1) Auxins 

induce the secretion of protons through the cell wall into the intracellular space. The 

extruded protons lower the p H at the cell wall activating cell wall-loosening enzymes. 

In response, potassium ions move into the cell to balance the electro-chemical gradient. 

As a consequence the water potential of the cell decreases thereby facilitating the entry 

of water into the cell, which in turn, exerts outward pressure causing the cell to expand 

(Bottger, 1986; Marre, 1977; Rayle and Cleland, 1977). 2) Auxins affect R N A 

metabolism by inducing the transcription of particular messenger R N A (rnRNA) 

molecules (Bevan and Northcote, 1981; Key, 1969; Trewavas, 1968). These m R N A are 

responsible for the production of certain proteins that are required for sustained growth 

of the cells. 

This chapter reports on the effects of a number of factors, including quality and quantity 

of auxins, basal media and their strength, explant type (tissue and age) on direct somatic 

embryogenesis, secondary somatic embryogenesis, callus proliferation and conversion 

of isolated SE into plantlets. 

More specifically the hypotheses investigated were as follows: 

1. It was hypothesised that somatic embryogenesis is determined, in part, by the 

inorganic nutrients in the culture media. A s such, this study investigated two basal 

media (GB5 and M S ) to determine the optimum type and concentration essential for 

the successful stimulation of somatic embryogenesis in B. tetraphyllum and L. 

cinerea. 
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2. All cells are considered to have the potential to regenerate into complete plants, 

however, the embryogenic response to a particular chemical signal varies between 

tissue types. To investigate this, tissues evaluated included coleoptiles (of different 

ages) mature leaf segments and leaf basal portions (containing a meristematic 

region). It was hypothesised that younger, undifferentiated or rapidly dividing cells 

would be more responsive to embryogenesis than older, fully differentiated tissue. 

3. Auxins are the most commonly studied P G R s for the stimulation of SE, and as such 

it was hypothesised that the exogenous application of auxins would stimulate 

somatic embryogenesis in several species of Restionaceae. 

4. Cytokinins are known to promote shoot elongation in many plant species and it was 

hypothesised that the inclusion of a cytokinin such as K n or B A in the conversion 

media (following S E development) would assist in the successful conversion of S E 

into plantlets. 

5. Previous studies have demonstrated that auxins are necessary to initiate 

embryogenic potential, but that it is necessary to subsequently transfer explants to 

auxin-free media for somatic embryogenesis to occur. This study investigated the 

hypothesis that transfer to auxin-free media (after the initiation phase) was essential 

for the proliferation of SE. 
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3.3 Materials and Methods 

3.3.1 Study Species 

Representative species from the Restionaceae (Table 3.1) were selected for the 

investigation of 2,4-D as the primary inducer of somatic embryogenesis as well as 

several other auxins (IAA, N A A , C P A and Pic). A variety of tissue types (depending on 

the availability for each species) were investigated to elucidate their responsiveness to 

auxins. 

Table 3.1: Restionaceae species and tissue types investigated utilising auxins as the primary inducers for 
the stimulation of somatic embryogenesis. 

Species N a m e Tissue Type 

Baloskion tetraphyllum Coleoptiles 
(white 5-7 d and green 8-14 d) 

Loxocarya cinerea Leaf segments, leaf basal portions 

Lyginia imberbis Leaf segments, leaf basal portions 

3.3.2 Evaluation of two Different Basal Media in combination with 2,4-D on Somatic 

Embryogenesis 

Two types of basal media were investigated, G B 5 and M S at full and half strength with 

3 concentrations of 2,4-D (1, 5 and 10 u M ) to determine which basal medium 

stimulated the greatest SE response. White coleoptiles of B. tetraphyllum (~ 2 m m ) and 

leaf basal portions (4-5 m m ) of L. cinerea were initiated on the following P G R 

treatments (Table 3.2). Explant preparation, B M , culture conditions, observations 

recorded and statistical analyses are described in Chapter 2. 
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Table 3.2: G B 5 and M S basal media (at full and half strengths) in combination with 1, 5 or 10 u M 2,4-D 
for the stimulation of somatic embryogenesis in B. tetraphyllum and L. cinerea. 

Basal 
Medium 

GB5 
GB5 
GB5 
GB5 

1/2 G B 5 

1/2 G B 5 

1/2 G B 5 

1/2 G B 5 

MS 
MS 
MS 
MS 

1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 

2,4-D 
(MM) 

0 
1 
5 
10 
0 
1 
5 
10 
0 
1 
5 
10 
0 
1 
5 
10 

3.3.3 Effect of Basal Media on the Conversion ofB. tetraphyllum SE into Plantlets 

SE derived from the previous experiment (on 1/2 M S + 1 |iM 2,4-D) were transferred to 

five different media for conversion into plantlets. Media were: GB5,1/2 GB5, M S , 1/2 

M S or water agar. All treatment media contained 6 g L"1 agar, 20 g L"1 sucrose and p H 

6.0 (adjusted prior to autoclaving). Conversion of SE into plantlets was calculated based 

on the total number of well-developed plantlets obtained in each treatment in relation to 

the original number of primary SE. 

3.3.4 Initiation of Somatic Embryogenesis for L. cinerea andL. imberbis utilising 

2,4-D 

Leaf segments (5-10 m m ) and leaf basal portions (4-5 m m ) of L. cinerea and L. 

imberbis were used to investigate the efficacy of 2,4-D as the primary inducer of SE. 

Treatment combinations are detailed below (Table 3.3). 
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Table 3.3: Treatment combinations of 3 concentrations of 2,4-D supplemented with Kn for 
stimulation of somatic embryogenesis in L. cinerea and L. imberbis. 

Treatment Combination 

1/2 M S 
1/2 M S + l u M 2,4-D 
1/2 M S + 1 u M 2,4-D + 1 u M Kn 
1/2 M S + 5 u M 2,4-D 
1/2 M S + 5 u M 2,4-D + 1 u M Kn 
1/2 M S + 10 u M 2,4-D 
1/2 M S + 10 u M 2,4-D + 1 u M Kn 

l/2MS + luMKn 

3.3.5 Conversion ofL. cinerea SE into Plantlets 

Primary SE of L. cinerea (section 3.3.2) were sub-cultured onto 1/2 M S , 1/2 M S + 1 

u M B A or 1/2 M S + 1 u M K n to determine whether the inclusion of B A or K n in the 

follow-up media would increase the successful conversion of S E into plantlets. Cultures 

were maintained in the dark for the first week, prior to transfer to light (16 h at - 30 u M 

m-2 s-i ppppj and 8 h dark) and subsequent transfer to culture jars as plantlets 

developed. SE that converted into plantlets (having shoot and root development) were 

subsequently transferred to 1/2 M S PGR-free medium for 3 weeks prior to potting out. 

Soil mixture consisted of 2 parts sand, 1 part perlite, 1 part German peatmoss (V:V), 

pasteurised at 70° C for 30 mins. Pots were maintained under overhead watering in a 

glasshouse for 2 weeks and then transferred to a shaded greenhouse. 

3.3.6 Response of Callus as the Tissue Source for the Stimulation of Secondary SE 

utilising 2,4-D in L. imberbis 

Calli developed in a previous experiment (3.3.4) were transferred to 1/2 M S 

supplemented with 3 concentrations of 2,4-D and 1 u M K n (Table 3.4) to stimulate SE. 

Experimental design was restricted due to the limited amount of callus available. 

Accordingly, there was only one concentration of K n investigated and no controls for 

either K n or 2,4-D (without Kn). 
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Table 3.4: Treatment combinations of 2,4-D and K n using callus as the tissue source for the stimulation 
of somatic embryogenesis in L. imberbis. 

Basal Medium 

1/2 M S 
1/2 M S 
1/2 M S 

2,4-D 
(uM) 

1 
5 
10 

Kn 
(UM) 

1 
1 
1 

3.3.7 Investigation of Primary SEasthe Explant Source for Secondary Somatic 

Embryogenesis in B. tetraphyllum 

Primary SE (initiated on 1/2 M S + 1 u M 2,4-D) were "individually" excised and 

transferred to fresh 1/2 M S + 1 u M 2,4-D. Half of the experimental units remained on 

the same media (without sub-culturing) for 9 weeks. The remaining experimental units 

were sub-cultured onto fresh medium (1/2 M S + 1 u M 2,4-D) every 3 weeks for 9 

weeks. The number of secondary SE were recorded on a weekly basis. 

3.3.8 Examination of the Influence of Age ofB. tetraphyllum Coleoptiles on 

Somatic Embryogenesis 

A n investigation was undertaken to determine whether age of the coleoptile influenced 

SE production. Young (5-7 d), white coleoptiles and more mature (8-14 d), green 

coleoptiles were cultured on 1/2 M S or 1/2 M S + 1 u M 2,4-D for the initiation of SE. 

3.3.9 Influence of IAA on the Stimulation of Somatic Embryogenesis in 

B. tetraphyllum and L. cinerea 

B. tetraphyllum coleoptiles and leaf segments and leaf basal portions of L. cinerea were 

sub-cultured onto 1/2 M S supplemented with the following PGRs (Table 3.5). PGRs 

were added to the media after autoclaving by filter sterilisation and media were 

maintained in the dark as IAA is light sensitive. 
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Table 3 5' Treatment combinations of IAA and 2,4-D for the production of SE using young, white 
coleoptiles of B. tetraphyllum and leaf segments (5-10 m m ) and leaf basal portions (4-5 m m ) of 

L. cinerea. 

IAA 
(MM) 

0 
5 
10 
5 
10 
0 
•10 
*100 

2,4-D 
(pM) 

0 
0 
0 

*3-day pulse on IAA, followed by transfer to 1/2 M S + 1 w M 2,4-D for 6 weeks. 

3.3.10 Exploration of the Efficacy ofNAA in combination with 2,4-D for the 

Promotion of Callus andSEin B. tetraphyllum andh. cinerea 

White coleoptiles of B. tetraphyllum and leaf basal portions of L. cinerea were sub-

culrured on 1/2 M S supplemented with the following PGRs (Table 3.6) to stimulate 

callus and/or direct SE. 

Table 3.6: Treatment combinations of 2,4-D and N A A for the stimulation of callus and SE from white 
(5-7 d) coleoptiles of B. tetraphyllum and leaf basal portions (4-5 m m ) of I. cinerea. 

2,4-D 

(UM) 

0 
0 
1 
0 
1 
0 
1 
0 
1 
1 

NAA 
(UM) 

0 
1 
1 
5 
5 
10 
10 
100 
100 
0 
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3.3.11 Evaluation of Pic for the Stimulation of Somatic Embryogenesis in 

B. tetraphyllum and L. cinerea 

B. tetraphyllum coleoptiles and L. cinerea leaf basal portions were sub-cultured onto 1/2 

M S supplemented with 5 u M Pic and three concentrations of 2,4-D to stimulate 

embryogenic callus and/or direct S E (Table 3.7). Experimental design was restricted to 

one concentration of Pic (5 u M ) due to limited plant material and because this 

concentration had been previously shown to effective for the stimulation of SE in Pisum 

sativum L. (Loiseau et al, 1995). 

Table 3.7: Treatment combinations of Pic and 2,4-D for the stimulation of SE from white coleoptiles 
(5-7 d) of B. tetraphyllum and leaf basal portions (4-5 m m ) of L. cinerea. 

2,4-D Pic 

te£ OM 
0 0 
1 0 
1 5 
5 0 
5 5 
10 0 
10 5 
0 5 

3.3.12 Examination ofCPA in stimulating Somatic Embryogenesis for 

B. tetraphyllum and L. cinerea 

Cultures initiated from white coleoptiles (5-7 d) of B. tetraphyllum and leaf basal 

portions of L. cinerea were transferred to 1/2 M S supplemented with the following 

PGRs (Table 3.8). The experimental design differed for each species due to limited 

plant material. 
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Table 3.8: Treatment combinations of 2,4-D and C P A for the stimulation of somatic embryogenesis using 
white coleoptiles (5-7 d) of B. tetraphyllum and leaf basal portions of L. cinerea. Treatments marked with 
an '*' were the only treatment combinations evaluated for L. cinerea. 

2,4-D 
(MM) 

0* 
1* 
1* 
1 
1 
0* 
0 
0 

CPA 
(MM) 

0 
0 
1 
5 
10 
1 
5 
10 
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3.4 Results 

3.4.1 Effect ofGBs and MS Basal Media Combined with Different Levels of 2,4-D on 

Somatic Embryogenesis 

For B. tetraphyllum, SE production was significantly greater on 1/2 M S + 1 u M 2,4-D 

compared to other treatments, producing 2-fold more than the next best treatment of 1/2 

M S + 5 u M 2,4-D (Figure 3.1). Coleoptiles displayed evidence of swelling within the 

first week (Figure 3.2A) and the developing SE were spherical in form, white in colour 

and developed in clumps (Figure 3.2B). Scanning electron microscopy clearly shows 

the individual, spherical SE developing (Figure 3.3). The remaining treatments, 

regardless of basal medium or concentration of 2,4-D were ineffective in elucidating an 

embryogenic response (Figure 3.1). There was minimal evidence of callus, shoot or root 

hair production for these treatments (data not shown). 
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Figure 3.1: Effect of two different basal media when combined with 3 concentrations of 2,4-D on the 
number of SE produced from white coleoptiles (5-7 d) of B. tetraphyllum. (Vertical bars represent 
standard error of the means.) 
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A B 

D 

Figure 3.2: Stages of development during the production of SE when using white (5-7 d) coleoptiles of 
B. tetraphyllum. A - Coleoptile explants 2 weeks after treatment with 1 |iM 2,4-D showing evidence of 
swelling and emerging SE. B - The same explant now with white, spherical SE clearly visible. C - A 
single germinating SE from a clump of SE. D - Complete plantlet developed from a SE. E - Multiple 
plantlets growing in vitro from SE. F - Plantlets successfully transferred to pots. Bar represents 1 m m . 
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B 

D 

Figure 3.3: Developing SE from white coleoptiles (5-7 d) of B. tetraphyllum. A - Scanning electron 
microscope of the surface of embryogenic callus. B - Close up of a group of developing SE. C & D -
Spherical somatic embryos. 
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Results for L. cinerea demonstrated that 1/2 M S + 1 u M 2,4-D was the most effective 

combination for SE production. (Figure 3.4). However, in contrast to B. tetraphyllum 

(Figure 3.1), there was embryogenic response on a range of media including half and 

full strength G B 5 supplemented with 1 u M 2,4-D, full strength M S with 1 or 5 u M 

2,4-D and 1/2 M S + 5 u M 2,4-D (Figure 3.4). 
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Figure 3.4: Effect of two basal media, G B 5 and M S (at full and half strength) in combination with three 
levels of 2,4-D on the production of S E from leaf basal portions of L. cinerea. (Vertical bars represent 
standard error of the means.) 

All basal media without 2,4-D produced significantly greater numbers of shoots (data 

not shown). Callus production increased with the addition of 2,4-D, with the greatest 

callus production on 1/2 M S + 10 jxM 2,4-D. Callus was typically friable, white and 

covered in root hair (Figure 3.5A). SE formed distinct, individual bodies (Figure 3.5B) 

before germinating, producing both shoots and roots (Figure 3.5C). Basal medium, 

regardless of type (without 2,4-D) did not produce callus (Figure 3.6). 
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A B 

Figure 3.5: Various developmental stages of somatic embryogenesis for L. cinerea when using leaf basal 
portions as the explant source. A - White, friable callus with developing root hair. B - A n individual SE 
with distinct shoot development. C - Complete plantlet regenerated from SE. Bar = 1 m m . 
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Figure 3.6: Callus and root hair production on two basal media ( G B 5 and M S ) supplemented with 2,4-D 
for L. cinerea leaf basal portions. Root hair and callus were evaluated as described in section 2.5. 
(Vertical bars represent standard error of the means.) 

There was a significant difference (P<0.05) in the number of SE produced between 

these two species with 2 SE.explant"1 for L. cinerea (Figure 3.4) compared to 16 

SE.explanf1 for B. tetraphyllum (Figure 3.1) when sub-cultured on the same medium 

(1/2 M S + 1 u M 2,4-D). The difference in response of these two species, belonging to 

the same family, highlights the view that successful stimulation of somatic 

embryogenesis is genotype specific (Crea et al, 1995; Kumar and Pental, 1998; Santos 

et al, 1997). 

3.4.2 Influence of Basal Medium on the Conversion ofB. tetraphyllum SE into 

Plantlets 

SE developed in a previous experiment (Figure 3.1) on 1/2 M S + 1 u M 2,4-D 

successfully converted into plantlets once transferred to G B 5 (65 % ) , 1/2 G B 5 (45 % ) 

and 1/2 M S (70 % ) (Figure 3.7). Conversion frequency on 1/2 M S was significantly 

greater (P<0.05) than on 1/2 GB 5 , but not significantly different to full strength G B 5 

(Figure 3.7). Full strength M S was detrimental to the conversion of SE into plantlets 

with zero plantlets developing. A small number of plantlets developed from SE sub-

cultured on water agar, but the data suggest that both extremes, that is, the higher 

nutrient concentrations in M S and the lack of nutrients in water agar are not suitable for 

the successful development and growth of plantlets. 
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1/2 M S Water Agar 

Figure 3.7: Effect of two basal media (GB 5 and M S ) and water agar on the conversion of B. tetraphyllum 
SE into plantlets. (Vertical bars represent standard error of the means.) 

3.4.3 Explant Age and its Effect on SE Efficiency 

For B. tetraphyllum, white (5-7 d) versus green coleoptiles (8-14 d) showed a 

significant difference in ability to produce SE (PO.05) with the younger tissue 

producing 50 % more SE than the more mature, green coleoptiles (Figure 3.8). 

1/2 MS White 1/2 MS +1 pM 2,4-D 1/2 M S Green 
Coleoptile White Coleoptile Coleoptile 

1/2 M S + 1 pM 2,4-D 
Green Coleoptile 

Figure 3.8: Effect of coleoptile age, white (5-7 d) versus green (8-14 d) on somatic embryogenesis of 
B. tetraphyllum. (Vertical bars represent standard error of the means.) 
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For L. cinerea, leaf segments on all treatments began browning within the first two 

days. By week 2, all leaf segments were completely brown and classified as dead. There 

was no evidence of swelling, callus, SE, shoot or root hair for any treatment using this 

tissue source. 

Conversely, leaf basal portions of L. cinerea remained mostly green for 2 weeks with 

SE produced on a number of treatments. There was a significant difference between the 

combined treatments of 2,4-D + K n and 2,4-D alone. SE were produced on 1 and 5 u M 

2,4-D (Figure 3.9), however, 10 u M 2,4-D and treatments supplemented with K n were 

ineffective in stimulating SE (Figure 3.9). Leaf basal portions on all treatments with K n 

began to discolour within 2 weeks and were completely brown by week 4. All media 

supplemented with K n reduced the production of callus and SE. Shoot production was 

greatest in the control (1/2 M S ) and callus was evident for all levels of 2,4-D (Figure 

3.9). White, friable callus initiated only from the cut surface of the leaf basal portion. 
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Figure 3.9: Effect of 2,4-D and K n on callus and S E production fori, cinerea using leaf basal portions as 
the explant source. (Vertical bars represent standard error of the means.) 
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Treatments supplemented with 1 or 5 u M 2,4-D continued to produce S E for 10 weeks. 

In contrast, media supplemented with 10 u M 2,4-D produced only callus in the first 6 

weeks, however, a significant number of SE were produced in the ensuing 4 weeks 

(Figure 3.10). Explants from the remaining treatments were assessed as dead and 

discarded. 

At week 10, SE were sub-cultured onto 1/2 MS, 1/2 MS + 1 u.M BA or 1/2 MS + 1 uM 

K n for conversion into plantlets. SE began to discolour within the first week regardless 

of conversion media with the number of white SE significantly reduced after transfer to 

media containing 1 u M B A (Figure 3.10). Nevertheless, the inclusion of B A or K n 

(1 u M ) was subsequently beneficial for the conversion of SE into plantlets, with both 

cytokinins stimulating a higher conversion frequency than 1/2 M S alone (Figure 3.11). 

All plantlets were successfully transferred to pots and the glasshouse. 
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Figure 3.10: Number of SE at weeks 6 and 10 initiated on 1, 5 or 10 u M 2,4-D. At week 10 SE were 
transferred to 1/2 M S + 1 nM B A for conversion into plantlets. Week 16 represents the effect of the 
conversion media on the number of remaining white SE for L. cinerea. (Vertical bars represent standard 
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Figure 3.11: Comparison of two cytokinins and their effects on the conversion of SE into plantlets for 
L. cinerea after initiation on 1, 5 or 10 u M 2,4-D. 

For L. imberbis there was no evidence of somatic embryogenesis, callus, root hair or 

shoot production from leaf segment explants. In contrast, leaf basal portions produced a 

small number of SE and callus (Figure 3.12 and Figure 3.13). However, none of these 

SE successfully converted into plantlets once transferred to 1/2 M S or 1/2 M S + 1 u M 

Kn. 
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3. 

Figure 3.12: Embryogenic response and callus production from leaf basal portions of I. imberbis in 
combination with 2,4-D and Kn. (Vertical bars represent standard error of the means.) 
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A B 

D 

Figure 3.13: Developmental stages of somatic embryogenesis for L. imberbis. A - White, friable callus 
with developing root hair. B - A group of SE at various stages of development. Arrow indicates a mature 
embryo with distinct shoot development. C - A developing SE. D - Multiple plantlets developing from a 
clump of SE. Bar = 1 m m . 
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W h e n callus was utilised as the tissue source for L. imberbis, there was no evidence of 

somatic embryogenesis, only the continued proliferation of callus (Figure 3.14). The 

callus was subsequently transferred to 1/2 M S for further development, however, there 

was no embryogenic response. 

SE Initiation Media 
(Tissue Source = Callus) 

Figure 3.14: Response of callus when used as the tissue source for stimulation of S E in L. imberbis. 
(Vertical bars represent standard error of the means.) 

3.4.4 Proliferation of Secondary SE in B. tetraphyllum Utilising Primary SE as the 

Explant Source 

Proliferation of secondary S E was achieved by using primary SE as the tissue source. 

The original number of SE for both treatments was 90 which increased to -2,326 SE 

after 9 weeks (without sub-culture) and -2,686 SE (sub-cultured every 3 weeks onto 

new media with 1 u M 2,4-D). This represents a -26 fold increase and -30 fold increase 

respectively for the treatments. There was no significant difference in the final number 

of secondary S E produced by either treatment. However, SE that were routinely sub-

cultured onto fresh media produced significantly more (PO.05) SE after the 2nd sub

culture (week 6) than SE remaining on the same media (Figure 3.15). 
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Figure 3.15: Effect of sub-culturing SE onto fresh media every 3 weeks (compared to no sub-culturing) 
on the proliferation of secondary SE for B. tetraphyllum. (Vertical bars represent standard error of the 

means.) 

3 A.S Influence of 2,4-D and IAA on the Production ofSE, Callus, Shoots and Root 

Hair 

For B. tetraphyllum, there was no significant difference OP>0.05) in the number of S E 

for 10 u M IAA + 1 u M 2,4-D (1.1 SE.explanf1), 1 u M 2,4-D alone (0.9 SE.explanf1) 

and 10 u M IAA (3-day pulse) (with 0.6 SE.explanf1) (Figure 3.16). I A A at 5 and 10 

u M was ineffective in stimulating somatic embryogenesis, but produced callus. Callus 

was highest on 1 u M 2,4-D (Figure 3.17). The number of SE (initiated on 1 u M 2,4-D) 

was significantly lower than in previous experiments and may be due to a different seed 

batch being used in this experiment. 
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Figure 3.16: Effect of three concentrations of I A A on the number of S E produced from white coleoptiles 
(5-7 d) of B. tetraphyllum. (Vertical bars represent standard error of the means.) 
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Figure 3.17: Production of shoots, root hair and callus from white coleoptiles of B. tetraphyllum on 
various concentrations of I A A alone and in combination with 1 u M 2,4-D. (Vertical bars represent 
standard error of the means.) 

For L. cinerea, all IAA treatments produced SE with 5 u M IAA (-2.3 SE.explanf1) and 

10 u M IAA (-2.6 SE.explanf1) producing a significantly greater number of SE 

(PO.001), two-fold more than 1 u M 2,4-D (Figure 3.18). Callus production was 

greatest on 5 u M IAA + 1 u M 2,4-D and the combined 10 u M IAA 3-day pulse 

followed by transfer to 1 u M 2,4-D. Root hair was minimal for all treatments (Figure 

3.19). 
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Figure 3.18: Number of L. cinerea SE produced from leaf basal portions (4-5 m m ) on a combination of 
IAA and 1 u M 2,4-D. (Vertical bars represent standard error of the means.) 
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Figure 3.19: Callus, root hair and shoot production for L. cinerea from leaf basal portions (4-5 m m ) 
treated with 5 or 10 u M IAA and 1 u M 2,4-D. (Vertical bars represent standard error of the means.) 

3.4.6 Effects of NAA in combination with 2,4-D on Somatic Embryogenesis 

For B. tetraphyllum, the inclusion of N A A significantly reduced SE (Figure 3.20) 

compared to 1 u M 2,4-D. Treatments 1 u M 2,4-D (1.1 SE.explanf1) and 100 u M N A A 

+ 1 u M 2,4-D (0.8 SE.explanf1) produced more SE (P<0.05) compared to other 

treatments. SE production on 1 u M 2,4-D was significantly less than in previous 

experiments and is due to the use of a different seed batch. 
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Figure 3.21: Shoot, root hair and callus production from leaf basal portions of L. cinerea incubated for 6 
weeks on NAA in combination with 2,4-D. (Vertical bars represent standard error of the means.) 

3.4.7 Effect of Pic and 2,4-D on the Production ofSE 

For B. tetraphyllum, there was no evidence of callus, shoot or root hair for any 

treatment containing Pic. There was a significantly greater number of SE produced on 1 

uM 2,4-D compared to other treatments. Increasing concentrations of 2,4-D resulted in 

decreasing production of SE (Figure 3.22). Pic had an adverse effect on somatic 

embryogenesis significantly decreasing the number of SE (P<0.05). 
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Figure 3.22: Number of B. tetraphyllum S E produced from white coleoptiles (5-7 d) cultured on 3 levels 
of 2,4-D and 5 uM Pic. (Vertical bars represent standard error of the means.) 
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For L. cinerea, the only treatment to produce SE was 1/2 M S + 5 u M Pic (2.6 

SE.explanf1). However, none of these SE successfully converted into plantlets once 

transferred to 1/2 MS + 1 uM BA. The combination of 2,4-D and Pic suppressed SE 

production compared to 5 uM alone (Figure 3.23). Comparison of these two species 

from the Restionaceae demonstrate the significant variation in response of B. 

tetraphyllum and L. cinerea to the same PGRs (Figure 3.24). 
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Figure 3.23: Callus, root hair and S E production from leaf basal portions of L. cinerea in response to 
three concentrations of 2,4-D and 5 u M Pic. (Vertical bars represent standard error of the means.) 
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Figure 3 24- Comparison of the effects of 3 levels of 2,4-D and 5 u M Pic on S E production for two 
Restionaceae species, B. tetraphyllum and L. cinerea. (Vertical bars represent standard error of the 

means.) 
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3.4.8 Influence of CPA on the Stimulation of Somatic Embryogenesis 

For B. tetraphyllum, the inclusion of CPA in the media significantly reduced SE 

compared to 1 u M 2,4-D alone (Figure 3.25) as well as decreasing swelling and callus 

production (Figure 3.26). 

25-, 

Figure 3.25: Effect of 3 concentrations of C P A on the production of SE for B. tetraphyllum when using 
white coleoptiles (5-7 d) as the explant source. (Vertical bars represent standard error of the means.) 

m o 

Figure 3.26: Effect on swelling and callus production of B. tetraphyllum white coleoptiles (5-7 d) on 3 
concentrations of C P A with and without 1 u M 2,4-D. (Vertical bars represent standard error of the 
means.) 
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For L. cinerea, there was no significant difference (P>0.05) in SE between treatments 

(except for the control) with 1 uM 2,4-D, 1 uM 2,4-D + 1 uM CPA and 1 uM CPA 

producing 1.2, 1.1 and 1.4 SE.explanf1 respectively. The combination of 1 uM CPA 

with 2,4-D in the media reduced callus production compared to 2,4-D alone (Figure 

3.27). 
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D Callus 

• Root Hair 

1/2 MS 1 uM 2,4-D 1 uM 2,4-D + 1 uMCPA 
1 uMCPA 

Figure 3.27: Production of SE, callus and root hair from leaf basal portions of I. cinerea when treated 
with 1 u M 2,4-D alone and in combination with 1 u M CPA. (Vertical bars represent standard error of the 
means.) 

53 



3.5 Discussion 

Investigation of two basal media ( M S and G B 5 ) at full and 1/2 strength with 1, 5 or 10 

u M 2,4-D, demonstrated that 1/2 M S + 1 u M 2,4-D was the most effective combination 

for the stimulation of SE in B. tetraphyllum (Figure 3.1) and L. cinerea (Figure 3.4). 

However, for B. tetraphyllum, 1/2 M S + 1 and 5 u M 2,4-D were the only two treatments 

to stimulate an embryogenic response, whereas, for L. cinerea, there was a range of 

different basal media that produced SE (Figure 3.4). The higher concentration of 

inorganic nutrients contained in full strength G B 5 and M S appeared to suppress somatic 

embryogenesis in B. tetraphyllum. Other studies have suggested a similar phenomenon 

(Komai et al, 1996a) and it is widely accepted that native Australian species are highly 

sensitive to nutrients (Bunn and Dycon, 1992; Taji and Williams, 1996). In contrast, 

there were SE produced on 6 of the 16 treatment combinations jjbr L. cinerea with callus 

production greatest on 1/2 M S supplemented with either 1, 5 or 10 u M 2,4-D (Figure 

3.6). The variation in response of these two species suggests that L. cinerea may not be 

as critically affected by the concentrations of macro and micro-nutrients contained in 

the media as B. tetraphyllum. 

Another important finding was the difference in SE produced for L. cinerea averaging 2 

SE.explanf1 compared to B. tetraphyllum with 16 SE.explanf1 (for the most effective 

combination of 1/2 M S + 1 u M 2,4-D). Although both species belong to the same 

family, (and taking into consideration that different explants were used for these 

species) the data suggests that each responds quite differently to the same stimulus and 

that somatic embryogenesis may be genotype specific. This will be discussed further in 

the final chapter. 

Investigation of MS, GB5 (at full and half strength) and water agar for conversion of SE 

into plantlets demonstrated that 1/2 M S (70 % conversion) was the optimal basal 

medium for the successful conversion of B. tetraphyllum S E into plantlets (Figure 3.7), 

followed by G B (65 % conversion). 
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Full strength M S (0.3 % conversion) and water agar (1.5 % conversion) were not 

suitable for the successful conversion of SE into plantlets. It is anticipated that the high 

nutrient content in full M S was supra-optimal for this species, and almost as 

detrimental, was the lack of nutrients in water agar. For B. tetraphyllum 1/2 M S was the 

preferred basal medium for both the initiation of SE and conversion into plantlets, 

perhaps indicating the specific nutrient requirements of this species. 

Results demonstrated that 2,4-D was crucial for the initiation of SE in B. tetraphyllum, 

which is in agreement with other studies that have shown the presence of 2,4-D is 

essential for somatic embryogenesis in monocotyledonous plants (Kim and Soh, 1996; 

Turner et al, 2000; Vasil and Vasil, 1982; Wernicke and Brettell, 1980). W h e n other 

auxins were investigated there was generally an increase in non-embryogenic callus and 

root hair production. IAA, N A A and Pic as inducers of somatic embryogenesis were 

ineffective for this species and showed strong signs of deleterious effects by 

significantly reducing SE numbers (Figure 3.16, Figure 3.20 and Figure 3.22). IAA 

alone at 5 and 10 u M and 3 day pulse treatments of 10 and 100 u M produced significant 

amounts of callus for B. tetraphyllum (Figure 3.17). In the case of CPA, low 

concentrations (1 u M ) produced a small number of SE (Figure 3.25) indicating some 

activity. However, when C P A was combined with 2,4-D, both callus (Figure 3.26) and 

SE decreased. During previous experiments with B. tetraphyllum, the higher 

concentrations of 2,4-D (5 and 10 u M ) were not as effective as 1 u M 2,4-D. It is 

possible that the optimal level of auxins had been exceeded (in this case) due to the 

additive effect of C P A and 2,4-D leading to senescence of the tissues. These data 

suggest that the selection of auxin type is fundamental for inducing somatic 

embryogenesis and embryogenic callus, and for B. tetraphyllum, 2,4-D was the only 

effective auxin. 
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In contrast, when other auxins were evaluated for L. cinerea, there was evidence of 

embryogenic response for a range of auxins. In early investigations, 2,4-D was found to 

be effective (Figure 3.4 and Figure 3.9), in agreement with B. tetraphyllum (Figure 3.1), 

L. imberbis (Figure 3.12) and other studies including Cicer arietinum (chickpea) and 

Thevetiaperuviana L. (Barna and Wakhlu, 1993; Dineshkumar et al., 1995; Sharma and 

Kumar, 1994). However, IAA alone (5 and 10 u M ) was also effective in promoting S E 

(Figure 3.18) but when combined with 2,4-D, SE were significantly reduced and callus 

increased (Figure 3.18 and Figure 3.19). One possible explanation for the increase in 

callus, is that the cells reverted to a de-differentiated state, due to a synergistic 

interaction between the two PGRs, before proceeding to an embryogenic pathway, 

whereas, direct somatic embryogenesis was achieved on I A A alone. Investigation of 

N A A for L. cinerea demonstrated this P G R to be ineffective in stimulating an 

embryogenic response (Figure 3.21). 

Pic (at 5 uM) stimulated SE for L. cinerea and was more effective than 2,4-D (Figure 

3.23). This is in contrast to B. tetraphyllum, where Pic had deleterious effects on SE 

production, and highlights the responsive differences between species of the same 

family (Figure 3.24). In the experiment investigating C P A there was no significant 

difference between C P A and 2,4-D in regard to S E production for L. cinerea. However, 

callus was reduced when C P A was combined with 2,4-D (Figure 3.27) (as in B. 

tetraphyllum) indicating supra-optimal levels of these auxins may have been reached or 

indicating these auxins may play a different role at different developmental stages of the 

embryogenic pathway. 
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Tissue type and age are important factors in SE competence (Senaratna, 1992) and 

responsiveness of tissue type varies from species to species. For example, in alfalfa 

leaf-petiole has been suggested as the best tissue source (Senaratna et al, 1989), while 

for black spruce, immature embryos have been the most responsive tissue (Attree et al, 

1994). Generally, young tissues may be more easily induced to become embryogenic 

than mature tissues. This phenomenon is evident in the present study of B. tetraphyllum 

where young coleoptiles (5-7 d) were significantly more responsive than more mature 

green coleoptiles (8-14 d) producing ~ 50 % more SE (Figure 3.8). T w o explant types 

(leaf segments and leaf basal portions) for L. cinerea and L. imberbis were also 

investigated to assess their competency in producing SE. During investigations, it 

became evident that mature leaf segments were not a suitable tissue for somatic 

embryogenesis for both species. All experiments, involving numerous P G R s with leaf 

segments, were ineffective in elucidating any response. This observation is consistent 

with other studies on monocotyledonous plants (Benkirane et al, 2000) where mature 

tissue did not respond to P G R s as readily as immature tissue (Chen et al, 1995a; Chen 

et al, 1995b; Nabors et al, 1983). It appears that young meristematic cells are more 

competent for somatic embryogenesis. In the present study, leaf segments browned 

within a few days and leakage of phenolic compounds surrounding the explant resulted 

in senescence of the tissue. In an effort to address this problem, treatment combinations 

supplemented with antioxidants were investigated later in this study (Chapter 7). In 

contrast, leaf basal portions produced white, friable callus and SE for L. cinerea (Figure 

3.9) and L. imberbis (Figure 3.12). At the highest concentration of 10 u M 2,4-D (for L. 

cinerea), only callus was produced in the first 6 weeks, followed by a significant 

production of SE between weeks 6 and 10 (Figure 3.10). This may have resulted from a 

reduction of auxin in the medium causing a shift in the endogenous auxin/cytokinin 

ratio thus stimulating somatic embryogenesis. 
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W h e n L. cinerea SE were sub-cultured onto two different cytokinins for conversion into 

plantlets, it became evident that successful conversion was dependent on both the 

initiation media and the subsequent conversion media. S E initiated on 1 u M 2,4-D and 

moved to 1 u M B A had 50 % conversion into plantlets compared to 26 % conversion 

when transferred to 1 u M K n (Figure 3.11). For L. imberbis, none of the S E 

successfully converted into plantlets once transferred to conversion media (1/2 M S or 

1/2 M S + 1 u M Kn), and when callus was used as the tissue source, it continued to 

produce more non-embryogenic callus (Figure 3.14). 

One explanation for the positive response of leaf basal portions is that the base may 

contain an active meristematic region. It is likely that the basal region of the leaf was 

undergoing cell division that rendered it more receptive to P G R s prior to differentiation 

and therefore had more embryogenic competence. Cells at very early stages of 

differentiation are more likely to make the switch to an embryogenic pathway than older 

or fully differentiated tissue such as the leaf segments (Komai et al, 1996a; Senaratna, 

1992). 

The variation in response of species from the same family demonstrates the differences 

in genotypic response to stimuli. A species, and indeed tissue type, which does not 

respond to one stimulus may respond to a different signal (Senaratna, 1992). As 

experimentation for L. cinerea was severely limited due to a lack of plant material, a 

number of issues remain unresolved including the effects of other auxins and a range of 

cytokinins. The excessive browning of tissues upon excision remains a major obstacle 

for this and other species and requires further work. It is recommended that future work 

investigate excised zygotic embryos as the explant source as this tissue has proven to be 

highly successful in L. tenue (Chapter 5) when there had been little or no success with 

other tissue sources. 
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Experiment 3.4.4 showed that primary SE can be used as the explant source for 

production of secondary SE. This avoids the need for viable seed and the time 

consuming task of processing fruits and seeds. This method allows the continuous and 

efficient production of secondary SE without the necessity of having to generate new 

coleoptiles for the initiation of somatic embryogenesis. Proliferation of secondary SE 

was successfully achieved utilising primary SE as the explant source for B. 

tetraphyllum. At the end of 3 weeks there was no significant difference between the 

total number of secondary S E (Figure 3.15) for either treatment (i.e. sub-culturing onto 

fresh media or not). However, after the first sub-culture onto fresh media containing 

2,4-D, these SE produced significantly greater numbers than those remaining on the 

original media (i.e. at the end of week 6). It was anticipated at this stage, that the 

continued presence of 2,4-D was essential for the proliferation of SE as this treatment 

was significantly better. Surprisingly however, at the end of 9 weeks, there was no 

difference between the final SE numbers. This is contradictory to other studies, where 

PGRs, particularly auxins, must be omitted from the media before somatic 

embryogenesis can occur (Halperin and Wetherell, 1964; Zimmerman, 1993). 

One explanation for this unexpected outcome is that embryogenesis had been induced 

through two different events. It was envisaged that by week 6, most of the nutrients and 

carbohydrate source would have become depleted and the possibility exists that these 

SE were "stressed" due to these conditions and responded by making the switch to an 

embryogenic pathway (Custers et al, 1994; Keller, 1979; Shivanna and Sawhney, 

1997). If the investigation had terminated at week 6, the conclusion drawn would have 

been that the continued presence of 2,4-D was essential for the proliferation of 

secondary SE. These results would then have been in agreement with studies on certain 

dicotyledonous plants such as Acanthopanax koreaum (Choi et al, 1997), where it was 

found that SE formation required the continuous presence of 2,4-D and 

monocotyledonous plants such as Allium fistulosum L., Pennisetum americanum L. and 

Sorghum bicolor L. (Kim and Soh, 1996; Vasil and Vasil, 1982; Wernicke and Brettell, 

1980). However, as there was ultimately no significant difference in SE for those SE 

sub-cultured on fresh media with 2,4-D and SE remaining on the original media, the 

assumption that the continuous presence of 2,4-D is essential for embryo development 

may not be correct. The concentration of 2,4-D remaining in the media after 9 weeks 

was not measured and it is therefore not possible to conclude whether 2,4-D had been 
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completely depleted. Transfer of SE after 6 weeks from media supplemented with 2,4-D 

to 1/2 M S (devoid of PGRs) in other experiments (this study), simply resulted in the 

conversion of SE into plantlets (Figure 3.7). It is therefore possible that the prolonged 

exposure to 2,4-D (9 weeks in total) may have initiated the development of secondary 

embryogenesis in the treatment where the embryos were not transferred to fresh media. 

Investigation of GB5 and MS on the conversion of B. tetraphyllum SE into plantlets 

demonstrated the most appropriate medium was 1/2 M S . It must be noted, however, that 

many other factors contribute to the successful conversion of S E into plantlets, such as 

the deposition of storage reserves to support early growth of the seedling, which were 

not investigated in this study. It is also important to note that many more plantlets 

developed than the original number of SE. T w o possible explanations for these 

observations are offered. Firstly, it is likely that multiple S E were excised instead of 

"single" SE due to their small size, giving rise to many plantlets from "one" SE. 

Secondly, it is feasible that multiple cells had become competent to produce S E at the 

induction phase and expressed somatic embryogenesis only after removal from P G R s 

(Stuart and Strickland, 1984). These SE then converted into plantlets in quick 

succession giving rise to a greater number of plantlets than the original number of SE, 

Many studies have found cytokinins to be effective in stimulating this transition 

(Chavez et al, 1998; Das et al, 1995; Rout and Das, 1994; Saxena and Dhawan, 1999; 

Sharma and Kumar, 1994; Tiwari et al., 1998), but due to limited SE, only one 

concentration of B A and K n was investigated. The data clearly demonstrated that 

conversion of SE into plantlets and subsequent survival is dependent on both the 

induction and conversion media. The best result was obtained from S E that were 

initiated on 1/2 M S + 1 u M 2,4-D and subsequently transferred to 1/2 M S + 1 u M B A 

(with 50 % conversion frequency) (Figure 3.11). In contrast, SE initiated on 5 ^ M 

2,4-D and transferred to the same media only had 6 % conversion frequency. 

Interestingly, in all cases with the higher pre-treatment of 5 u M 2,4-D, conversion 

frequency was significantly lower than for SE developed on 1 u M 2,4-D regardless of 

the conversion media. This is in agreement with investigations in Arachis hypogaea L. 

(peanut) where it has been shown that lower concentrations of auxins in the somatic 
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embryogenesis media favour a higher conversion into plantlets and subsequent survival 

(Eapen and George, 1993). 

3.6 Conclusion 

This study demonstrated that direct somatic embryogenesis from coleoptiles of B. 

tetraphyllum was dependent on the inclusion of 2,4-D in the initiation media. Plantlets 

were successfully regenerated and transferred to soil. Significant proliferation of 

secondary S E was also achieved for this species which has not been previously reported 

on many occasions for monocotyledonous plants (Li and Qu, 2002). 

For L. cinerea and L. imberbis embryogenic response was not solely dependent on 

2,4-D, but responded to several commonly used auxins. During the investigation, it 

became evident that mature leaf segments were not a suitable tissue source for the 

stimulation of somatic embryogenesis for L. cinerea and L. imberbis. The reasons for 

the lack of response are two-fold. Firstly, the maturity of the leaf segment explants 

made it difficult to stimulate these fully differentiated cells towards an embryogenic 

pathway and secondly, the excessive browning of leaf segment explants was detrimental 

to any response. Leaf basal portions (containing a basal meristem with actively dividing 

cells), on the other hand, were responsive and produced both embryogenic callus and 

SE. 

The protocols described for B. tetraphyllum are a significant improvement over current 

propagation techniques and have the potential to be commercially viable with an 

estimated 7,500 S E produced from 1 g of plant material in 9 weeks in these trials, and a 

greater number of S E produced in later investigations. In addition, there was positive 

evidence of somatic embryogenesis for L. cinerea and L. imberbis and with further 

improvements these methods may be used for the re-introduction of these species into 

disturbed sites. 
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Chapter 4 Investigation of a Selection of Cytokinins and Thidiazuron 

for the Stimulation of Somatic Embryogenesis in the 

Restionaceae. 

4.1 Abstract 

Somatic embryogenesis was successfully achieved for Loxocarya cinerea using 

benzyladenine (BA) at 1, 5 or 15 u M alone or in combination with 1 u M 2,4-D. The 

most efficient combination was 5 u M B A + 1 u M 2,4-D with 1.3 SE.explanf1. Zeatin 

(Z) and 2iP-6-Y-Y-dimethylallyamino-purine (2iP) were ineffective in stimulating SE for 

this species. For Baloskion tetraphyllum and Lyginia imberbis, BA, Z or 2iP (alone) 

were also ineffective in stimulating an embryogenic response. 

Kinetin (Kn) in combination with 2,4-D was evaluated for B. tetraphyllum. SE 

were initiated on 1/2 M S + 1 u M 2,4-D (20 SE.explanf1) and 1/2 M S + 1 u M 2,4-D + 1 

u M K n (11 SE.explanf1). However, the inclusion of K n significantly reduced SE 

production. All SE converted into plantlets (1/2 M S alone) and were transferred to soil 

with 100 % survival after 8 weeks. 

Proliferation of secondary SE for B. tetraphyllum was achieved with a 30-35 

fold increase for SE initiated on 1/2 M S + 1 u M 2,4-D and transferred to 1/2 M S with 

the following PGRs: 0, 1 u M 2,4-D, 1 u M 2,4-D + 1 u M K n or 1 u M Kn. SE were 

subsequently transferred to 1/2 M S PGR-free medium for conversion into plantlets. All 

plantlets were successfully transferred to soil with 100 % survival. 

Thidiazuron (TDZ) at 5 and 10 u M investigated for B. tetraphyllum 

demonstrated young coleoptiles (5-7 d) produced significantly more SE (50 % greater) 

than treatments utilising older coleoptiles (8-14 d). Successful conversion of SE into 

plantlets was achieved when SE were initiated on 1/2 M S + 10 u M T D Z and transferred 

to 1/2 M S PGR-free medium. 
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For L. cinerea, leaf basal portions produced SE on 5 and 10 u M TDZ, and 5 u M 

T D Z + 1 u M 2,4-D. Proliferation of secondary SE was successful with SE initiated on 

1/2 M S + 10 u M T D Z followed by transfer to 1/2 M S PGR-free medium (~9-fold 

increase). There was no evidence of SE for leaf segment explants on any treatment for 

L. cinerea. 
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4.2 Introduction 

Cytokinins such as BA, Z, 2iP and K n have been shown to stimulate somatic 

embryogenesis in a range of species including Helianthus maximiliani, Trifolium 

repens, Rosa damascena Mill, and Cayratia japonica (Kumar et al., 1998; Maheswaran 

and Williams, 1984; Vasic et al, 2001; Zhou et al, 1994). It is generally accepted that 

cytokinins stimulate cell division and it is this ability that makes their role in 

embryogenesis conceivable. Zeatin, a natural cytokinin, has been demonstrated to have 

a promotive effect on somatic embryogenesis during the early stages of embryo 

development in carrot (Fujimura and Komamine, 1975). Similarly, exogenously 

supplemented cytokinins have promoted S E in Phaseolus coccineus (Bennici and 

Cionini, 1979) and Pimpinella anisum (Ernst and Oesterhelt, 1984). 

The beneficial effect of cytokinins in stimulating somatic embryogenesis is not 

universal. For example, various cytokinins have been demonstrated to reduce S E in 

fennel (Maatar and Hunault, 1997), orchard grass (Wenck et al, 1988) and Ranunculus 

asiaticus (Beruto et al, 1996). It is also known that endogenous cytokinin levels vary 

during morphogenesis (Hutchinson et al, 1996a) and in support of this view are studies 

in Phaseolus vulgaris that demonstrated different amounts of endogenous cytokinins are 

present at different stages of embryo development (Lee et al., 1985). However, in 

contrast to this finding, no such correlation was found for Pimpinella anisum (Ernst and 

Oesterhelt, 1984). 

TDZ, which was originally developed as a cotton defoliant (Arndt et al, 1976) has 

cytokinin-like qualities and has been used as a substitute for B A as the stimulus for 

flowering in duckweed (Khurana and Maheshwari, 1983). T D Z has, in some cases, 

stimulated in vitro shoot regeneration with a higher efficiency frequency than other 

commonly used cytokinins (Cleland and Tanaka, 1979; Lu, 1993; Malik and Saxena, 

1992). T D Z is also thought to affect the endogenous ratio of auxins to cytokinins that in 

turn influences the stimulation of somatic embryogenesis (Gill and Saxena, 1993; 

Visser etal, 1992). 
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The precise role of cytokinins during somatic embryogenesis is unclear and remains 

controversial due to its intimate relationship with auxins and their combined effects on 

many physiological activities within plant cells. A s such empirical investigations into 

the usefulness of cytokinins is required based on individual plant species. 

The aim of the research described in this chapter was to investigate several cytokinins 

alone and in combination with auxins to determine their effect on stimulating somatic 

embryogenesis in several members of the Restionaceae. 

The specific hypotheses investigated in this chapter were as follows: 

1. Given previous success in other species, this study investigated the effect of 

exogenously applied cytokinins during the S E initiation phase to test the hypothesis 

that the inclusion into the culture medium of cytokinins at this time would stimulate 

somatic embryogenesis. 

2. Kinetin is known to overcome apical dominance afforded by auxins. It was 

hypothesised that the inclusion of K n in the follow-up media after S E initiation 

would stimulate the successful conversion of S E into plantlets by stimulating shoot 

growth and development. 

3. T D Z , which is thought to affect the endogenous concentrations of auxins and 

cytokinins, was investigated to test the hypothesis that T D Z would stimulate S E 

without the addition of exogenous auxins or cytokinins. 
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4.3 Materials and Methods 

4.3.1 Study Species 

Representative species of the Restionaceae (Table 4.1) were selected for the 

investigation of four commonly used cytokinins, as well as T D Z to stimulate somatic 

embryogenesis. Several different tissue types were investigated to elucidate their 

responsiveness to these cytokinins depending on availability for each species. Explant 

preparation, B M , culture conditions, observations recorded and statistical analysis for 

all experiments are described in Chapter 2. 

Table 4.1: Restionaceae species and tissue types investigated using cytokinins for the stimulation of 

somatic embryogenesis. 

Restionaceae Species Tissue Type 

Baloskion tetraphyllum Coleoptiles (white 5-7 d) 
Green leaf segments (8-14 d old) 

Loxocarya cinerea Leaf segments 
Leaf basal portions 

Lyginia imberbis Leaf basal portions 

4.3.2 Examination ofBA, Z and2iPfor the Stimulation of Somatic Embryogenesis 

White coleoptiles (5-7 d) of B. tetraphyllum and leaf basal portions (4-5 m m ) of L. 

cinerea and L. imberbis were transferred to B M supplemented with the following 

combination of cytokinins (Table 4.2). 
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Table 4.2: Treatment combinations of 1/2 M S with various cytokinins to stimulate somatic 
embryogenesis in three species of Restionaceae (B. tetraphyllum, L. cinerea and L. imberbis). 

Treatment 

1/2 M S 
1 uM 2,4-D 
1 p M 2,4-D + 1 pM2iP 
1 u M 2,4-D + 5 p M 2iP 
1 p M 2,4-D + 15 pM2iP 
1 p M 2,4-D+ l p M B A 
1 uM2,4-D + 5 p M B A 
lpM2,4-D+15pMBA 
1 u M 2,4-D + 1 p M Z 
1 uM2,4-D + 5 p M Z 
1 p M 2,4-D + 15 u M Z 
1 pM2iP 
5uM2iP 
15pM2iP 

lpMBA 
5uMBA 
15uMBA 
lpMZ 
5uMZ 
15pMZ 

4.3.3 Effect of TDZ on the Stimulation of Somatic Embryogenesis 

Cultures were initiated from white, young (5-7 d) and green, leaf segments (8-14 d) of 

B. tetraphyllum using various combinations of T D Z and 2,4-D (Table 4.3). SE were 

subsequently sub-cultured onto 1/2 M S PGR-free medium for conversion into plantlets. 
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Table 4.3: Treatment combinations of T D Z and 2,4-D for the promotion of somatic embryogenesis using 
young, white coleoptiles and green leaf segments of B. tetraphyllum. 

Treatment Explant Type (age) 

1/2 MS White coleoptile (5-7 d) 
5 p M T D Z White coleoptile (5-7 d) 
10 p M T D Z White coleoptile (5-7 d) 
5 p M T D Z + 1 p M 2,4-D White coleoptile (5-7 d) 
10 p M T D Z + 1 u M 2,4-D White coleoptile (5-7 d) 
1 p M 2,4-D White coleoptile (5-7 d) 
112 M S Green leaf segments (8-14 d) 
5 p M T D Z Green leaf segments (8-14 d) 
10 p M T D Z Green leaf segments (8-14 d) 
5 p M T D Z + 1 p M 2,4-D Green leaf segments (8-14 d) 
10 p M T D Z + 1 p M 2,4-D Green leaf segments (8-14 d) 
1 p M 2,4-D Green leaf segments (8-14 d) 

For L. cinerea, cultures were initiated from leaf segments (5-10 m m ) and leaf basal 

portions (4-5 m m ) on B M supplemented with 2,4-D and two concentrations of T D Z 

(Table 4.4). 

Table 4.4: Treatment combinations of 2,4-D and T D Z for the stimulation of somatic embryogenesis using 
leaf segments (5-10 m m ) and leaf basal portions (4-5 m m ) of L. cinerea. 

2,4-D 

(UM) 

0 
0 
0 
1 
1 
1 

TDZ 
(uM) 

0 
5 
10 
5 
10 
0 

4.3.4 Proliferation of Secondary SEfor L. cinerea 

SE initiated on TDZ (5 and 10 uM) were sub-cultured onto 1/2 MS or 1/2 MS + 1 uM 

2,4-D for the stimulation of secondary SE. This experiment investigated whether the 

removal of PGRs was necessary to stimulate the switch to an embryogenic pathway or 

whether the inclusion of PGRs was necessary for the proliferation of secondary SE. 
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4.3.5 Conversion ofL,. cinerea SE (Initiated on TDZ) into Plantlets 

Forty-five SE each from 5 u M T D Z and 10 u M T D Z were "individually" transferred to 

1/2 M S for conversion into plantlets. Conversion frequency was calculated as 

previously described in Chapter 2. Cultures were maintained in the dark for the first 

week and then moved to 16 h light (-30 u M m"2 s"1 PPFD) and 8 h dark for the 

remainder of the experimental period. 

4.3.6 Investigation ofKn in Combination with 2,4-D for the Stimulation of Somatic 

Embryogenesis in B. tetraphyllum 

Coleoptile sections were generated and cultured onto 1/2 M S with two levels of 2,4-D 

and four levels of K n (Table 4.5) to determine whether the inclusion of K n in the SE 

initiation media would stimulate primary somatic embryogenesis. 

Table 4.5: Treatment combinations of 1/2 M S supplemented with 2,4-D and K n for the stimulation of SE 
in B. tetraphyllum. 

Treatment 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Kn 
(uM) 

0 
0 
0.5 
1 
5 
10 
0 
0.5 
1 
5 
10 
0.5 
1 
5 
10 
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4.3.7 Effect ofKn on the Proliferation of Secondary SEfor B. tetraphyllum 

SE initiated in previous experiments (4.3.6) were used as the explant source to 

investigate the proliferation of secondary SE using a combination of 2,4-D and K n as 

detailed below (Table 4.6). 

Table 4.6: Treatment combinations of 2,4-D and Kn for the stimulation of secondary SE utilising primary 

SE of B. tetraphyllum as the explant source. 

Basal Medium 

1/2 MS 
1/2 MS 
1/2 MS 
1/2 MS 

2,4-D 
(uM) 

0 
1 
1 
0 

Kn 
(uM) 

0 
0 
1 
1 

After four weeks, plantlets were subsequently transferred to 1/2 M S PGR-free medium 

for acclimatisation. Culture jars were maintained in the dark for one week and then 

moved to light (-30 u M m"2 s"1 PPFD) for 16 h per day. After 6 weeks, plantlets were 

transferred to potting mix consisting of 2/1/1 parts river sand/perlite/German peat moss. 

Pots were maintained in a glasshouse under overhead watering for 2 weeks before 

transfer to full sun. 
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4.4 Results 

4.4.1 Effects of2iP, BA and Z on Somatic Embryogenesis for Three Restionaceae 

Species ' 

For B. tetraphyllum, inclusion of cytokinins, regardless of the type and concentration, 

significantly reduced SE. The only effective treatment was 1/2 M S + 1 u M 2,4-D with 

an average of 19 SE.explant (Figure 4.1). There was minimal (or zero) production of 

callus and root hair for most treatments (data not shown). 

a. a. =• a. 3 . T - 0 1 0 
io to •"- m io *~ 

Figure 4.1: Production of SE per ~2 m m section of coleoptile for B. tetraphyllum when treated with 2iP, 
B A or Z at various concentrations. (Vertical bars represent standard error of the means.) 

SE were successfully produced on treatments supplemented with all levels of BA 

investigated for L. cinerea (Figure 4.2). In general, the combined treatments of B A and 

2,4-D increased SE compared to B A or 2,4-D alone. 5 u M B A + 1 u M 2,4-D appeared 

to be the optimal combination with the other concentrations of B A (1 and 15 u M 

combined with 2,4-D) producing less SE. 2iP and Z were not as effective in stimulating 

somatic embryogenesis as B A for this species. 
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Figure 4.2: Effects of 2iP, B A , Z, with and without 2,4-D, on the number of S E produced from leaf basal 
portions of L. cinerea. (Vertical bars represent standard error of the means.) 

For L. imberbis (as for B. tetraphyllum) SE production was absent in all treatments 

supplemented with cytokinins regardless of the type and concentration. S E production 

was significantly higher (PO.05) on 1/2 M S + 1 u M 2,4-D compared to all other 

treatments (Figure 4.3). In general, there was evidence of swelling on most treatments, 

excluding the highest concentration of B A and all three concentrations of Z alone 

(Figure 4.3). 
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Figure 4.3: Effects of three cytokinins on the number of SE and swelling of leaf basal portions of 
L. imberbis with and without 2,4-D. (Vertical bars represent standard error of the means.) 
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4.4.2 Effect of TDZ on Somatic Embryogenesis ofB. tetraphyllum 

White coleoptiles produced callus, SE, root hair and shoots. SE were produced on 5 u M 

T D Z + 1 U.M 2,4-D (3.7 SE.explanf1) followed by 10 u M T D Z + 1 u M 2,4-D (2.6 

SE.explanf1) (Figure 4.4). All T D Z treatments (alone and combined with 2,4-D) 

produced SE when utilising white coleoptiles as the explant source. Green leaf 

segments, on the other hand, did not produce callus, root hair or shoots and only a small 

number of SE on 10 u M TDZ. 
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• White Coleoptiles 

• Green Leaf Segments 

1/2 MS 5 M M T D Z 10pMTDZ 5uMTDZ+ 10uMTDZ+ 1 pM 2,4-D 
1 pM 2,4-D 1 M M 2,4-D 

Figure 4.4: Effect of white (5-7 d) versus green (8-14 d) explants and T D Z on somatic embryogenesis for 
B. tetraphyllum. (Vertical bars represent standard error of the means.) 

4.4.3 Conversion ofB. tetraphyllum SE developed on TDZ into Plantlets 

SE developed in the above experiment (Figure 4.4) were excised and sub-cultured onto 

1/2 M S PGR-free for conversion into plantlets. Each "individual" embryo produced 

more than one plant. SE initiated on 10 u M T D Z had the highest multiplication with 

-17 plantlets developing from a "single" SE (Figure 4.5). 
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1MM2.4-D 5 | J M T D Z 5pMTDZ + 10pMTDZ 10pMTDZ + 
1pM 2,4-D 1 |JM 2,4-D 

SE Initiation Media 
(Conversion Media now 1/2 MS) 

Figure 4 5 Effect of TDZ and 2,4-D (SE initiation media) on the conversion of B. tetraphyllum SE into 
plantlets once transferred to 1/2 M S PGR-free medium. (Vertical bars represent standard error of the 

means.) 

4.4.4 Effect of TDZ on L. cinerea for the Stimulation of Somatic Embryogenesis 

Leaf segments on all treatments browned within 2 weeks, as in previous experiments. 

There was no evidence of callus, SE, shoot or root hair production. The consistent lack 

of any response from leaf segments confirmed this tissue was not suitable for the 

induction of somatic embryogenesis. 

Leaf basal portions produced SE (Figure 4.6), callus, shoot and root hair (Figure 4.7). 

10 u M T D Z was the most effective P G R concentration for the stimulation of SE, 

followed by the combination of 5 u M T D Z + 1 U.M 2,4-D. This observation is 

interesting and may reflect a specific synergistic relationship between T D Z (5 u M ) and 

2,4-D (1 u M ) at particular (optimal) concentrations as there were no SE for 2,4-D alone 

or in combination with 10 u M T D Z (Figure 4.6). These data may indicate T D Z is 

behaving as a cytokinin or affecting the endogenous auxin/cytokinin ratio. 
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Figure 4.6: Effect of T D Z , with and without 2,4-D, on the number of S E produced over 6 weeks w h e n 
using leaf basal portions of L. cinerea as the explant source. (Vertical bars represent standard error of the 
means.) 
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Figure 4.7: Shoot, root hair and callus production from leaf basal portions on T D Z and 2,4-D for 
L. cinerea. (Vertical bars represent standard error of the means.) 

4.4.5 Proliferation of Secondary Somatic Embryogenesis for L. cinerea utilising 

Primary SE Initiated on TDZ 

In general, SE continued to proliferate once transferred to 1/2 M S or 1/2 M S + 1 u M 

2,4-D (Figure 4.8). SE initiated on 10 u M TD Z , produced more SE when transferred to 

1/2 M S alone, than SE transferred to 1/2 M S + 1 u M 2,4-D (P<0.05). The inclusion of 

2,4-D in the subsequent media was detrimental to the stimulation of secondary SE as 

media without 2,4-D generally produced greater numbers of secondary SE (Figure 4.8). 
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1/2MS 1/2MS 1/2MS + 1/2MS + 
(5yMTDZ) (lOpMTDZ) 1 |jM 2,4-D 1 pM 2,4-D 

(5JJMTDZ) (10pMTDZ) 

Current Media 
(SE Initiation Media) 

Figure 4.8: Effect of SE initiation media (5 or 10 uM TDZ) on secondary SE of L. cinerea once sub-
cultured onto 1/2 M S or 1/2 M S + 1 u M 2,4-D. (Vertical bars represent standard error of the means.) 

4.4.6 Conversion ofL. cinerea SE Initiated on TDZ into Plantlets 

Forty-five SE each from 5 and 10 u M T D Z (above) were sub-cultured onto 1/2 M S 

PGR-free medium for conversion into plantlets. There was a significant difference in 

the final number of plantlets compared to the starting number of SE with 173 plantlets 

developed from SE initiated on 5 u M T D Z (~ 3.8 fold increase), and 105 plantlets 

developed from SE initiated on 10 u M T D Z (~ 2.3 fold increase) (Figure 4.9). These 

data suggest that the presence of 5 u M T D Z in the initiation media was better suited for 

the successful conversion of SE into plantlets. 
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• Starting Number of Somatic Embryos 

• Final Nunnber of Surviving Plantlets 

1/2 M S 1/2 M S 
(SE Media 5 uM TDZ) (SE Media 10 M M TDZ) 

Figure 4.9: Total number of surviving plantlets developed from S E initiated on two concentrations of 
T D Z for L. cinerea using leaf basal portions as the explant source. 

4.4.7 Effect ofKn in combination with 2,4-D on Somatic Embryogenesis for 

B. tetraphyllum 

In most instances, excised coleoptile sections produced direct SE without an obvious 

intermediate callus. There was a significant difference in SE with 1 u M 2,4-D 

producing a mean of 20 SE.explanf1 (~ 2 m m ) compared to the next best treatment of 

1 u M 2,4-D + 1 u M K n with 11 SE.explanf1. The inclusion of K n at 0.5, 1, 5 or 10 u M 

in the initiation media significantly reduced SE. The higher concentration of 5 u M 

2,4-D also had a deleterious effect on SE (Figure 4.10) producing less SE than 1 u M 

2,4-D. All SE successfully converted into plantlets on 1/2 M S PGR-free medium and 

were transferred to soil with 100 % survival (16 weeks later). 
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Figure 4.10: Effect of K n and 2,4-D on somatic embryogenesis utilising 5-7 day old coleoptiles of 
B. tetraphyllum. (Vertical bars represent standard error of the means.) 

4.4.8 Proliferation of Secondary SE Utilising Primary SE as the Explant Source for 

B. tetraphyllum 

Continuous secondary somatic embryogenesis was achieved using primary SE as the 

explant source. A significant number of secondary SE were produced after being sub-

cultured onto fresh media and maintained in the dark (Figure 4.11). There was no 

difference in the final number of secondary SE produced by the four different 

treatments (30-35 fold increase). SE continued to develop on 1/2 M S , when in the past, 

SE had converted into plantlets upon transfer to 1/2 M S PGR-free medium. Secondary 

SE on 1/2 M S supplemented with 1 u M K n alone showed evidence of browning 

eventually leading to necrosis of some SE (Figure 4.11). Proliferation of callus was 

highest on 1 u M 2,4-D. The combined treatment of 1 u M 2,4-D + 1 u M K n did not 

produce callus or root hair (data not shown). SE sub-cultured onto 1/2 M S PGR-free 

medium converted into plantlets with 100 % survival 16 weeks after potting out. 
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Figure 4.11: Production of secondary S E for B. tetraphyllum when using primary SE as the explant 
source on four different media. (Vertical bars represent standard error of the means.) 
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4.5 Discussion 

Investigation of different cytokinins (2iP, B A , Z, K n and T D Z ) demonstrated significant 

variation in embryogenic response of each species to the same cytokinins. Direct 

somatic embryogenesis was successfully achieved from leaf basal portions of L. cinerea 

using 1, 5 or 15 u M B A alone or in combination with 1 u M 2,4-D (Figure 4.2). 

However, B. tetraphyllum (Figure 4.1) and L. imberbis (Figure 4.3) did not produce SE 

regardless of the type or concentration of cytokinin. The only effective P G R for these 

species was 2,4-D," in agreement with previous data (Chapter 3) on auxins and their 

interactions with Restionaceae species. 

Of the cytokinins investigated, BA appeared to be the most beneficial for the 

stimulation of SE in L. cinerea. However, all cytokinins investigated produced 

comparable or greater numbers of SE than auxins (2,4-D) suggesting this group of 

PGRs was beneficial for this species (Figure 4.2). B A is considered a synthetic 

compound because it is uncommon in plants (Salisbury and Ross, 1992) and has been 

shown to be highly active when used for in vitro micropropagation (Taiz and Zeiger, 

1991). One explanation for these results is that the natural cytokinins (Z and 2iP) may 

have been degraded by cytokinin-oxidase and converted into inactive derivatives, 

whereas B A maintained its activity and was able to stimulate cytokinesis (cell division) 

leading to somatic embryogenesis. There have been previous reports of B A significantly 

increasing SE production in tomato, pea and banana (Loiseau et al., 1995; N e w m a n et 

al, 1996; Zaffari et al, 2000). 

Previous investigations (Das et al, 1997; Rout and Das, 1994; Sharma and Kumar, 

1994; Tiwari et al, 1998) have demonstrated that a combination of auxins and 

cytokinins, usually 2,4-D and Kn, enhance somatic embryogenesis. Others (Choi et al, 

1997; Choi et al, 1998; Wachira and Ogada, 1995), as for B. tetraphyllum, have 

demonstrated the opposite effect. 
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In this study, when K n was included in the initiation media, somatic embryogenesis was 

significantly reduced (Figure 4.10) and, on occasion, explants developed brown, 

necrotic areas that led to senescence of the SE. However, when K n was included in the 

"conversion media" after SE initiation on 1 u M 2,4-D, there was a significant 

improvement in conversion of S E into plantlets (when incubated in light). It is expected 

that the variability in the effects of cytokinins is dependent on the timing of application 

and developmental stage of embryogenesis. These data suggest that cytokinins may 

have different mechanisms of action depending on the tissue source. It is generally 

accepted that a delicate balance of auxins and cytokinins are required for the successful 

stimulation of SE, and it is expected that an imbalance of these PGRs may have 

disrupted metabolic pathways leading to the browning and eventual senescence of cells. 

Proliferation of secondary SE (30 to 35-fold increase) for B. tetraphyllum was 

successfully achieved using primary SE as the explant source on a variety of media 

including 2,4-D and K n (Figure 4.11). SE transferred to 1 u M K n showed evidence of 

deterioration (browning) as observed by other investigators (Choi et al, 1997; Choi et 

al, 1998; Cushman et al, 2000; Eapen and George, 1993; Wachira and Ogada, 1995), 

however, production of secondary S E continued. This was contradictory to what was 

expected. It was envisaged that SE transferred to K n would develop into plantlets as 

other studies have found cytokinins to be effective in converting SE into functioning 

plantlets (Chavez et al., 1998; Das et al, 1995; Rout and Das, 1994; Saxena and 

Dhawan, 1999; Sharma and Kumar, 1994; Tiwari et al, 1998) by stimulating shoot 

development. Previous results (Chapter 3) demonstrated that the inclusion of K n in the 

"conversion" media stimulated the conversion of SE into plantlets when incubated in 

the light. The reasons why, in some cases, SE developed into plantlets or why they 

continued to produce more S E when exposed to K n is not clear at this time. 
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It is envisaged that the maturity of the SE at the time of excision and transfer to new 

media may have influenced the pathway the cells undertook, i.e. the embryogenic 

pathway or development into plantlets. It is possible that in the previous investigation, 

SE were at later stages of development and the inclusion of K n stimulated shoot 

development, whereas SE in this experiment were younger and prone towards 

secondary somatic embryogenesis. W h e n K n was included in the SE initiation media 

with 2,4-D for L. cinerea and L. imberbis (Chapter 3), it suppressed the stimulation of 

SE. Cultures were maintained in the dark in combination with Kn, and this may have 

contributed to the lack of conversion. 

TDZ at 5 and 10 uM alone and in combination with 2,4-D was investigated utilising 

both white, young (5-7 d) coleoptiles and older, green leaf segments (8-14 d) for B. 

tetraphyllum. In general, SE production was lower for 2,4-D than in previous 

experiments for this species, and is thought to be due to a different seed batch being 

used. White, young coleoptiles produced significantly more SE than treatments older, 

green leaf segments (Figure 4.4). This is in agreement with previous experiments 

(Chapter 3) and other studies that have demonstrated young, dividing cells are more 

likely to be stimulated toward an embryogenic pathway than older cells (Fonseca et al., 

1998; Ostry et al, 1994; Sujatha and Reddy, 2000). The best treatment was a 

combination of 5 u M T D Z + 1 u M 2,4-D and the inclusion of 2,4-D with T D Z 

improved somatic embryogenesis. Mature "single" SE from this experiment were 

subsequently excised and cultured on 1/2 M S for conversion into plantlets. 

Interestingly, the conversion of SE into plantlets was significantly higher for those SE 

initiated with some T D Z compared to 2,4-D alone (Figure 4.5). Hutchinson et al. (1996) 

proposed that T D Z could have both the actions of auxins and cytokinins. Bespalhok and 

Hattori (1998) have suggested that T D Z may influence the metabolism of endogenous 

auxins altering the auxin/cytokinin ratio within the tissue and hence stimulating somatic 

embryogenesis. 
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Each embryo produced more than one plant and the following explanations are offered 

for this discrepancy. The simplest explanation is that it is extremely difficult to excise a 

"single" S E due to their small size, and it is possible that multiple embryos were excised 

instead. Another possibility is that many cells had been induced to become 

embryogenically competent and only expressed once transferred to PGR-free media 

thus increasing the number of final plantlets (asynchronous production of SE). 

Interestingly, conversion of S E that had been initiated on T D Z produced the highest 

number of plantlets, and it is expected this is due to the cytokinin-like activity of T D Z . 

Lastly, and equally possible, is that secondary somatic embryogenesis had occurred. 

Leaf segments and leaf basal portions of L. cinerea were initiated on 5 and 10 uM TDZ 

with and without 2,4-D. There was no evidence of S E for any of the leaf segment 

explants as was the case in all studies with auxins. Leaf basal portions, on the other 

hand, produced S E on three treatments (Figure 4.6) as well as callus and root hair 

(Figure 4.7). A s discussed in Chapter 3, the reason for the differences in response of 

leaf segments versus leaf basal portions is due to a number of factors. Firstly, there was 

excessive browning of the leaf segments indicating tissue senescence. Secondly, once 

cells have fully differentiated and matured, they are unlikely to actively divide thereby 

reducing their ability to respond to exogenous application of PGRs. It is envisaged that 

the basal portions contain a meristem with actively dividing cells that are 

undifferentiated and are able to be stimulated towards an embryogenic pathway. A third 

possibility is that the addition of T D Z affected the endogenous auxin/cytokinin levels 

within the basal portion making the cells within this area more conducive to production 

of SE. Zaffari (2000) demonstrated that endogenous cytokinins (particularly 2iP) are 

highest in the leaf basal portion of bananas and decrease significantly towards the apical 

region. 
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Proliferation of secondary SE for L. cinerea was achieved when primary S E were sub-

cultured onto 1/2 M S or 1/2 M S + 1 u M 2,4-D. The best treatment combination 

consisted of SE initiated on 10 u M T D Z and transferred to 1/2 M S (-9-fold increase in 

SE) (Figure 4.8). In this instance, the removal of T D Z stimulated better S E development 

which had been previously demonstrated in other species (Hutchinson and Saxena, 

1996; Senaratna and McKersie, 1990; Senaratna et al, 1989; Stuart and Strickland, 

1984). The observations (at the time) were confusing as it was anticipated that S E 

transferred to 1/2 M S would convert into plantlets, and S E transferred to 1 u M 2,4-D 

would continue to produce SE as they had done previously for B. tetraphyllum. The 

explanation offered for this unexpected outcome is that the plates were maintained in 

the dark for the entirety of the experiment and this encouraged SE production rather 

than conversion into plantlets. This aspect was subsequently investigated (Chapter 9). 

Conversion of L. cinerea SE into plantlets was successful with 173 plantlets produced 

from 45 SE initiated on 5 u M T D Z and 105 plantlets produced from 45 S E initiated on 

10 u M T D Z (Figure 4.9) when incubated in the light. The discrepancy in the number of 

resulting plantlets compared to the original number of SE is discussed in the previous 

paragraphs for B. tetraphyllum. 
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4.6 Conclusion 

In summary, this study demonstrated large variation between species of the same family 

in their response to cytokinins. B. tetraphyllum (which has been demonstrated to 

respond well to 2,4-D) did not respond to commonly used cytokinins. However, there 

was some evidence of embryogenic response when it was treated with T D Z , perhaps 

suggesting the change in endogenous auxin/cytokinin levels was responsible for SE in 

this species. In contrast, L. cinerea successfully produced SE on B A and TDZ. Both B A 

and T D Z are synthetic cytokinins not produced by plants, whereas Z and 2iP are natural 

cytokinins involved in metabolic processes within cells. It may be possible that the 

natural cytokinins were metabolised within the cells and were therefore ineffective in 

stimulating a response. B A and T D Z , on the other hand, may have been available to the 

cells for a greater length of time and were able to stimulate an embryogenic response. 
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Chapter 5 Response of Cyperaceae to Auxins (including 2,4-

dichlorophenoxyacetic acid) as the Primary Induction 

Agent for the Stimulation of Somatic Embryogenesis. 

5.1 Abstract 

Somatic embryogenesis was successfully achieved for Lepidosperma tenue, 

Lepidosperma squamatum and Baumea vaginalis using leaf basal portions and excised 

zygotic embryos. Investigation of G B 5 and M S media, at full and half strength, 

supplemented with 1, 5 or 10 u M 2,4-D, demonstrated that 1/2 M S + 1 u M 2,4-D was 

the most effective combination for stimulating somatic embryogenesis in L. tenue. 

Other auxins, IAA, C P A and Pic were not as effective in stimulating an embryogenic 

response with leaf segments or leaf basal explants for L. tenue. 

Embryogenic response of excised zygotic embryos of L. tenue was investigated 

on 1/2 M S with 0, 5, 10 or 50 u M 2,4-D with a significant number of S E produced. 

These SE were used to stimulate secondary somatic embryogenesis with a 13-fold 

increase for SE initiated on 5 u M 2,4-D and transferred to 1/2 M S + 1 u M BA. There 

was a significant difference in the embryogenic response of different seed batches 

investigated. 

SE were also initiated for L. squamatum using excised zygotic embryos as the 

explant source and cultured on 1/2 M S supplemented with 0, 5,10 or 50 u.M 2,4-D with 

an average production of 0, 0.2, 1.2 and 0.6 SE.explanf1 respectively. Swelling of 

tissues was evident within 2 weeks. Zygotic embryos cultured without P G R s produced 

some callus. All SE successfully converted into plantlets. 

Investigation of B. vaginalis on 2,4-D, IAA and Pic demonstrated that leaf 

segments were ineffective in stimulating an embryogenic response regardless of P G R or 

concentration. However, a number of SE were successfully initiated from leaf basal 

portions on 1/2 M S with 5 or 10 u M IAA, 5 u M Pic and 5 u M Pic + 1 u M 2,4-D. 
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5.2 Introduction 

The Cyperaceae includes many grass-like or rush-like plants found in most habitats 

throughout the world. There are -4,000 species worldwide in 90 genera and Australia 

has about 650 species in 47 genera (Johnson and Briggs, 1983). In common with the 

Restionaceae, is the difficulty in propagating species of this family in large enough 

quantities for the rehabilitation of disturbed sites. Many of the problems encountered for 

Restionaceae also apply to the Cyperaceae such as poor seed set, low seed viability and 

poor (if any) success from vegetative propagation (Meney and Dixon, 1988). 

As discussed previously (Chapter 1), auxins are widely studied for the stimulation of 

somatic embryogenesis in both dicotyledonous and monocotyledonous plants. One of 

the effects of auxins is to enhance elongation of sections from oat and maize coleoptiles 

(monocotyledonous plants) (Salisbury and Ross, 1992). Auxins have the ability to cause 

plant cells to divide (Leshem, 1973) and this had led to the view that they are the most 

likely P G R s to induce somatic embryogenesis. 

The aim of this study was to investigate the potential of somatic embryogenesis as a 

method of rapid micropropagation for L. tenue, L. squamatum and B. vaginalis in an 

effort to develop an efficient propagation system enabling the return of these species to 

their natural habitats. 

The specific hypotheses tested were as follows: 

1. It was hypothesised that the level of inorganic nutrients contained within the culture 

media determines, in part, the initiation of SE. To that end, investigations of two 

basal media (GB 5 and M S ) were undertaken to determine the optimum type and 

concentration essential for the stimulation of somatic embryogenesis in several 

species of the Cyperaceae. 

87 



2. It was hypothesised that younger, undifferentiated or rapidly dividing cells would be 

more responsive to the exogenous application of P G R s and would stimulate S E 

more efficiently than older tissues. Various tissue sources were evaluated including 

mature leaf segments, leaf basal portions (containing a meristematic region) and 

excised zygotic embryos to determine their response to a variety of chemical 

stimuli. 

3. It was hypothesised that the exogenous application of auxins, particularly 2,4-D, 

would stimulate somatic embryogenesis in a variety of Cyperaceae. 

4. It was hypothesised that the inclusion of a cytokinin (Kn or B A ) in the follow-up 

media (after SE initiation) would increase the successful conversion of S E into 

plantlets by stimulating shoot growth and development. 
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5.3 Materials and Methods 

5.3.1 Study Species 

Representative species from the Cyperaceae (Table 5.1) were selected for the 

investigation of several commonly used auxins, including 2,4-D, as the primary 

inducers of somatic embryogenesis. Several different tissue types were investigated 

(depending on their availability for each species) to elucidate their responsiveness to 

these auxins. 

Table 5.1: Cyperaceae species and tissue types investigated. 

Species N a m e Tissue Type 

Lepidosperma tenue Leaf segments, leaf basal portions, zygotic embryos 

Lepidosperma squamatum Leaf segments, leaf basal portions, zygotic embryos 

Baumea vaginalis Leaf segments, leaf basal portions, zygotic embryos 

5.3.2 Plant Material and Explant Preparation 

Seed and plant material were obtained from several sources as listed in (Table 2.1). 

Explant preparation, B M , culture conditions, observations recorded and statistical 

analyses are described in Chapter 2. 

5.3.3 Basal Media and their Influence on the Stimulation of Somatic Embryogenesis 

when combined with 2,4-D 

A study was undertaken on two types of basal media, G B 5 and M S , at full and half 

strength with 3 concentrations of 2,4-D (Table 5.2) to determine which was better suited 

for the stimulation of somatic embryogenesis fori, tenue. Leaf basal portions (4-5 m m ) 

of L. tenue were excised and initiated on the following treatment combinations (Table 

5.2). 

89 



Table 5.2: Treatment combinations of G B 5 and M S basal media with P G R 2,4-D evaluated for somatic 

embryogenesis in L. tenue. 

Basal 
Medium 

GB5 
GB3 
GB5 
GB5 

1/2 GB3 

1/2 GB5 

1/2 GB5 

1/2 GB5 

MS 
MS 
MS 
MS 
1/2 MS 
1/2 MS 
1/2 MS 
1/2 MS 

2,4-D 
(MM) 

0 
1 
5 
10 
0 
1 
5 
10 
0 
1 
5 
10 
0 
1 
5 
10 

5.3.4 Effect of 2,4-D andKn on Somatic Embryogenesis for L. squamatum and 

B. vaginalis 

L. squamatum and B. vaginalis cultures were initiated from leaf segments (5-10 mm) 

and leaf basal portions (4-5 m m ) on 1/2 M S medium supplemented with a combination 

of 2,4-D and K n (Table 5.3). Experimental design was restricted by lack of plant 

material. 

Table 5.3: Treatment combinations of 2,4-D and K n for the stimulation of somatic embryogenesis in 
L. squamatum and B. vaginalis. 

Basal Medium 2,4-D Kn 
(uM) (uM) 

1/2 MS 0 0 
1/2 MS 1 0 
1/2 MS 1 1 
1/2 MS 5 0 
1/2 MS 5 1 
1/2 MS 10* 0 
1/2 MS 10* 1 
1/2 MS 0 1 

*These treatments were excluded for L. squamatum due to limited plant material. 
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5.3.5 Somatic Embryogenic Response ofL,. tenue, L. squamatum and B. vaginalis 

Excised Zygotic Embryos to 2,4-D 

A small number of L. tenue seed became available in the last 6 months of the present 

study. Three different seed batches were investigated (Table 5.4) for their 

responsiveness to 2,4-D. 

Table 5.4: L. tenue seed batches investigated. 

Species Name Date Collected/ Batch Site of Collection 
Accession Number Number 

L. tenue 11/11/97 T M 2 7 8 5.1 km down Torrens Road 
(980437) 

L. tenue 13/11/97 T M 2 8 9 Whittakers Road 
(980498) 

L. tenue 10/11/97 T M 3 0 1 Huntly 
(980149) 

L. tenue, L. squamatum and B. vaginalis seed were prepared as described in Chapter 2. 

Zygotic embryos were transferred to 1/2 M S supplemented with 3 concentrations of 2,4-

D (Table 5.5). After 6 weeks incubation, SE (from L. tenue T M 301) were sub-cultured 

onto 1/2 M S + 1 u M BA, and SE (from L. tenue T M 289) were sub-cultured onto 1/2 

M S or 1/2 M S + 1 u M K n for further development and conversion into plantlets. After 

6 weeks, the L. squamatum SE developed were transferred to 1/2 M S PGR-free medium 

for conversion into plantlets. There were no SE produced for B. vaginalis and therefore 

no conversion media investigated. 

Table 5.5: Treatment combinations using excised zygotic embryos of I. tenue, L. squamatum and 
B. vaginalis for the stimulation of somatic embryogenesis. 

Basal Medium 

1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 

2,4-D 
(uM) 

0 
5 
10 
50 
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5.3.6 Assessment of IAA for the Stimulation of Somatic Embryogenesis in L. tenue 

andB. vaginalis 

L. tenue cultures were initiated from leaf segments (5-10 m m ) and leaf basal portions 

(4-5 m m ) on 1/2 M S supplemented with IAA and 2,4-D (Table 5.6). Explants remained 

on the treatments for 6 weeks except for the last 2 treatments that were pulsed for 3 

days on 10 and 100 u M IAA and then transferred to 1 u M 2,4-D for 6 weeks. 

Table 5.6: Treatment combinations of IAA and 2,4-D for the induction of somatic embryogenesis using 
leaf segments (5-10 m m ) and leaf basal portions (4-5 m m ) of L. tenue. 

IAA 
(uM) 

0 
5 
5 
0 
10 
10 
0 
5 
5 
0 
10 
10 

0 
0 
10* 
100* 

2,4-D 

(uM) 

0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 

0 
1 
1 
1 

Explant Source 

Leaf basal portion 
Leaf basal portion 
Leaf basal portion 
Leaf basal portion 
Leaf basal portion 
Leaf basal portion 
Leaf segments 
Leaf segments 
Leaf segments 
Leaf segments 
Leaf segments 
Leaf segments 

Leaf basal portion 
Leaf basal portion 
Leaf basal portion 
Leaf basal portion 

*3-day pulse on IAA, followed by transfer to 1/2 M S + 1 p M 2,4-D for 6 weeks. 

B. vaginalis cultures were initiated from leaf segments (5-10 mm) and leaf basal 

portions (4-5 m m ) on 1/2 M S supplemented with 0, 5 or 10 u M IAA (without 2,4-D). 

Following this experiment, a further investigation was undertaken using a 3-day pulse 

of 10 and 100 u M IAA, followed by transfer to B M supplemented with 1 u M 2,4-D to 

determine whether the pulse treatment would increase the number of SE. 
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5.3.7 Effect of Pic and 2,4-D for the Production of Callus or Stimulation of Somatic 

Embryogenesis in L. tenue and B. vaginalis 

L. tenue and B. vaginalis leaf basal portions (4-5 mm) were initiated on 1/2 MS 

supplemented with the following PGRs (Table 5.7) to determine whether the inclusion 

of Pic would increase somatic embryogenesis. Due to limited plant material only one 

concentration of Pic (5 u M ) was investigated. 

Table 5.7: Treatment combinations of 2,4-D and Pic evaluated using leaf basal portions of I. tenue and 
B. vaginalis for the stimulation of somatic embryogenesis. 

2,4-D Pic 

IEM) (BMI 

0 0 
1 0 
1 5 
5 0 
5 5 
10 0 
10 5 
0 5 

5.3.8 Induction of Somatic Embryogenesis and Embryogenic Callus with CPA and 

2,4-D for L. tenue 

L. tenue cultures were initiated from leaf basal portions (4-5 mm) on BM supplemented 

with the following PGRs (Table 5.8). Experimental design was restricted due to limited 

plant material with only one concentration of each PGR investigated. 

Table 5.8: Combinations of 2,4-D and C P A treatments evaluated for the stimulation of embryogenic 
callus and/or direct SE from leaf basal portions of L. tenue. 

2,4-D C P A 
(uM) (uM) 

0 0 
0 1 
1 1 
1 0 
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5.4 Results 

5.4.1 Effects ofGBs and MS in Combination with 2,4-D on Somatic Embryogenesis 

For L. tenue the best treatment was 1/2 M S + 1 u M 2,4-D with an average of 1 

SE.explanf1 (4-5 m m ) . All combined treatments of 1/2 M S and 2,4-D, regardless of 

concentration, produced SE compared to other treatments. These data demonstrated that 

1/2 M S was the best basal medium compared to half and full strength G B 5 or full 

strength M S . Severe browning of explants was evident on all treatments. 

Figure 5.1: Effect of two basal media (GB5 and M S at full and half strength) in combination with 2,4-D 
on SE produced from leaf basal portions of L. tenue. (Vertical bars represent standard error of the 
means). 

5.4.2 Influence of 2,4-D andKn on the Production ofSE 

For L. squamatum there was no evidence of swelling, callus, root hair, shoot or SE for 

leaf segments on any treatment. Leaf segments browned within 2 days and were 

classified as dead by the end of week 2. 

Conversely, leaf basal portions showed evidence of swelling for 1 uM 2,4-D, 1 uM 

2,4-D + 1 u M K n and 5 u M 2,4-D + 1 u M Kn. Swollen explants were subsequently 

sub-cultured onto 1/2 M S PGR-free medium to stimulate somatic embryogenesis, but 

there was no further development (Figure 5.2). 
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Figure 5.2: Percentage of leaf basal portions of L. squamatum that swelled in response to 2,4-D and Kn. 

For B. vaginalis, there was no production of SE for leaf segments or leaf basal portions. 

Callus was observed on a variety of treatment combinations for both tissue types 

(Figure 5.3) but did not develop further when sub-cultured onto fresh 1/2 MS. 

iS 

3 
c 
CO 

1.2 -, 

1 

0.8 

0.6 

0.4-I 

0.2 

0 

• Leaf Segments 

D Leaf Basal Portions 

O 

Q 

CM" 

1 

+ 

o 
4 
CM" o + 

Figure 5.3: Production of callus from leaf segments and leaf basal portions of B. vaginalis on 3 levels of 
2,4-D alone and in combination with 1 p M Kn. (Vertical bars represent standard error of the means). 
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5.4.3 Response ofL. tenue Excised Zygotic Embryos to 2,4-D 

Fori, tenue, there was no evidence of callus, root hair, shoot or S E for T M 278 excised 

zygotic embryos on any treatment. A small number of embryos remained white whilst 

the remainder browned and were classified as dead. <•-

In contrast, TM 301 and TM 289 (Figure 5.4) produced significant amounts of white, 

friable callus and root hair. Both seed batches produced a significant number of S E in 

response to 2,4-D compared to the control (Figure 5.4), but there was no significant 

difference between the three 2,4-D treatments for either seed batch. 

Results (Figure 5.4) demonstrated variation between seed batches and their response to 

the different treatments. T M 301 produced more SE than T M 289 and T M 278 did not 

respond (data not shown). This finding alone has significant implications in regard to 

the success of somatic embryogenesis or rehabilitation of mine sites based on 

distribution of seed alone. 
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• TM 289 Somatic Brtiryos 
• TM301 Root Hair 
• TM 289 Root Hair 
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Figure 5.4: Comparison of two different seed batches of L. tenue in regard to callus, root hair and SE 

production from excised zygotic embryos initiated on 1/2 M S with 0, 5, 10 and 50 p M 2,4-D. 
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Primary SE initiated from T M 301 were subsequently transferred to 1/2 M S + 1 u M B A 

for further development. Primary SE successfully produced a significant number of 

secondary SE (P<0.05) (Figure 5.5). The mean number of SE increased from 0, 0.4, 2.8 

and 2.6 SE.explanf1 at week 6 to 0, 5.4, 12 and 10.9 SE.explanf1 at week 12 for 

induction treatments 0,5,10 and 50 u M 2,4-D, respectively (Figure 5.5). 
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Figure 5.5: Primary SE developed from excised zygotic embryos of I. tenue T M 301 (at Week 6) and 
secondary SE (at Week 12) following transfer to 1/2 M S + 1 p M BA. (Vertical bars represent standard 
error of the means). 

Primary SE initiated on 5, 10 or 50 uM 2,4-D from TM 289 were individually excised 

and sub-cultured onto 1/2 M S or 1/2 M S + 1 u M Kn. There was a significant number of 

secondary SE produced, except for the control and for primary SE initiated on 1/2 M S + 

50 u M 2,4-D and transferred to 1/2 M S alone (Figure 5.6). 
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Figure 5.6: Number of primary SE initiated on 5, 10 or 50 pM 2,4-D and subsequently sub-cultured onto 
either 1/2 M S or 1/2 M S + 1 p M K n for the stimulation of secondary S E (L. tenue, T M 289). (Vertical 
bars represent standard error of the means). 

ForZ. squamatum, SE were successfully initiated on three concentrations of 2,4-D with 

10 u M 2,4-D producing the highest number with -1.2 SE.explanf1 (Figure 5.7). All SE, 

regardless of the induction signal, successfully converted into plantlets once transferred 

to 1/2 M S PGR-free medium (producing a total of 63 plantlets). 
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Figure 5.7: Response of excised zygotic embryos of L. squamatum when initiated on 1/2 M S 
supplemented with 3 levels of 2,4-D. (Vertical bars represent standard error of the means). 
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For B. vaginalis, a small number of excised zygotic embryos germinated on 1/2 M S 

alone or 1/2 M S + 5 u M 2,4-D, however, there was no evidence of somatic 

embryogenesis and callus production was minimal (Figure 5.8). W h e n callus was 

subsequently transferred to 1/2 M S there was no embryogenic response and necrosis 

was observed (data not shown). 
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1/2 M S 5 MM 2,4-D 10 M M 2,4-D 50 uM 2,4-D 

(Explant Source = Excised Zygotic Embryos) 

Figure 5.8: Effects of three concentrations of 2,4-D on the germination, swelling and callus production 
from excised zygotic embryos of B. vaginalis. (Vertical bars represent standard error of the means). 

5.4.4 Effects of IAA on the Stimulation of Somatic Embryogenesis for L. tenue and 

B. vaginalis 

For L. tenue, there was no evidence of swelling, callus, or SE formation for any 

treatment utilising leaf segments or leaf basal portions. Leaf segments browned within 2 

days, were ineffective in elucidating a response and were classified as dead by the end 

of week 2. Similarly, there was no callus or SE production for leaf basal portions, only 

direct shoot regeneration from the base. Overall, the best treatments for shoot 

production were the 3-day pulse combinations (Figure 5.9). 
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Figure 5.9: Effects of IAA and 2,4-D on shoot and root hair production when using either leaf basal 
portions or leaf segments of L. tenue for the stimulation of somatic embryogenesis. (Vertical bars 
represent the standard error of the means). 

For B. vaginalis, there was no evidence of SE, swelling, callus, shoot or root hair on any 

treatment using leaf segments. In contrast, leaf basal portions produced a small number 

of SE (Figure 5.10) as well as shoots, callus and root hair (Figure 5.11). These data 

support previous findings (this study) that leaf segments were not suitable for the 

stimulation of somatic embryogenesis. 

1.8 
1.6 
^ 1.4 
15 

o. 1 2 

8. 
w 0.8 
co 
£ 0-6 
3> 
S 0.4 
0.2 
0 

1/2 MS 5pMIAA 10pMIAA 

?I?T, T'W *>roducti,on of S E from ̂ af basal portions of B. vaginalis on 1/2 M S supplemented with 5 or 
10 u M IAA. (Vertical bars represent standard error of the means). 

100 



I Shoot 

I Root Hair 

• Callus 

1/2 M S 5 MM IAA 10 MM IAA 

Figure 5.11: Production of shoot, root hair and callus from leaf basal portions of B. vaginalis utilising 5 
and 10 p M IAA. (Vertical bars represent standard error of the means). 

Following the above experiment, a 3-day pulse treatment of 10 and 100 u M IAA 

(followed by transfer to 1 u M 2,4-D) was investigated to determine whether this pulse 

treatment would increase callus production or improve somatic embryogenesis. There 

was no direct stimulation of SE for these treatments and no difference in the amount of 

callus, roots or the swelling response for any treatment (Figure 5.12). 

SE Initiation Media 
(1/2 M S + 1 M M 2,4-D) 

Figure 5.12: Shoot, callus, root and explant swelling for B. vaginalis leaf basal portions on 2,4-D and 
3-day pulse treatment of either 10 or 100 p M IAA. After 3 days on initial treatments, tissues were 
transferred to 1/2 M S + l p M 2,4-D, including the control. (Vertical bars represent standard error of the 

means). 
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5.4.5 Influence of Pic and 2,4-D on Shoot, Callus, Root Hair and Somatic 

Embryogenesis for L. tenue and B. vaginalis 

For L. tenue, there were no SE produced for any treatment. The higher concentrations of 

2,4-D (5 and 10 u M ) produced white friable callus but did not produce SE or convert 

into plantlets once transferred to 1/2 M S PGR-free medium. The combination of 5 u M 

Pic with 2,4-D significantly reduced callus production (Table 5.9). 

Table 5.9: Effects of Pic and 2,4-D on shoot, callus and root hair production from leaf basal portions of 
L. tenue for the stimulation of SE. (Letters displayed in vertical columns represent differences between 
treatments (PO.05). Standard error of the mean is indicated in parenthesis.) 

Treatment 

1/2 M S 

I p M 2,4-D 

1 pM2,4-D+5pMPic 

5 p M 2,4-D 

5pM2,4-D+5pMPic 

10 p M 2,4-D 

10pM2,4-D + 5pMPic 

5pMPic 

Shoot 
(se) 

0.2 a 

(0.07) 

1.0b 

(0.0) 

0.1a 

(0.06) 

1.0b 

(0.0) 

0 C 

(0.0) 

oc 

(0.0) 

0 C 

(0.0) 

oc 

(0.0) 

Callus 
(se) 

0 b 

(0.0) 

0 b 

(0.0) 

ob 

(0.0) 

0.7 a 

(0.07) 

0 b 

(0.0) 

0.7a 

(0.14) 

0 b 

(0.0) £ 

0 b 

(0.0) 

Root Hair 
(se) 

0 b 

(0.0) 

0 b 

(0.0) 

0 b 

(0.0) 

0.2a 

(0.07) 

0 b 

(0.0) 

0.1 a 

(0.06) 

0 b 

(o.o) I 
0b i 

(0.0) 

For B. vaginalis, there were a small number of SE produced with the best treatment 

being 5 u M Pic (0.4 SE.explanf1) followed by 5 u M 2,4-D + 5 u M Pic (0.3 SE. 

explant") (Figure 5.13). All SE successfully converted into plantlets once transferred to 

1/2 M S PGR-free medium. The inclusion of Pic in the media stimulated shoot 

development compared to 2,4-D alone (Figure 5.14). 
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Figure 5.13: Effect of 2,4-D and Pic on the number of SE for B. vaginalis when using leaf basal portions 
as the explant source. (Vertical bars represent standard error of the means). 
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Figure 5.14: Callus, shoot and root hair production from leaf basal portions of B. vaginalis on 2,4-D and 
Pic. (Vertical bars represent standard error of the means). 
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5.4.6 Effects of CPA and 2,4-D on Shoot, Root Hair, SE and Callus Production 

For L. tenue, there were no SE for any treatment and callus was restricted to media 

supplemented with 1 u M 2,4-D (Figure 5.15). C P A did not increase shoot production 

and was ineffective in stimulating somatic embryogenesis. 

Figure 5.15: Shoot, root hair and callus production from leaf basal portions of L. tenue on C P A with and 
without 2,4-D. (Vertical bars represent standard error of the means). 
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5.5 Discussion 

SE were initiated for three species of Cyperaceae, namely, L. tenue, L. squamatum and 

B. vaginalis with varying degrees of success. As observed with all other species in this 

study, phenolic induced injury was a major obstacle associated when using the leaf 

segments and leaf basal portions as the explant source. Investigations were therefore 

undertaken to suppress these oxidation events using various antioxidant treatments 

(Chapter 7). Contamination of the tissue culture plants obtained from available sources 

was also a major concern. Multiplication of plants was undertaken on a regular basis 

(over many months) without any evidence of contamination, however, each time 

experimental procedures began, bacterial contamination became evident. After 

numerous attempts, it was clear that an endophytic bacterium was contained within the 

culms of L. tenue and only became activated once exposed to auxins. The suppliers of 

the plant material later confirmed this observation (D. Willyams, Alcoa Australia, 

pers.comm). This had a profoundly negative effect on the success of investigations as 

the majority of P G R s were either auxins or a combination of auxins and cytokinins. At 

the time of this study, there was no other available plant material from any other source. 

Investigation of two basal media, GB5 and MS in combination with various 

concentrations of 2,4-D, demonstrated that 1/2 M S + 1 u M 2,4-D was the most effective 

combination for stimulating somatic embryogenesis in L. tenue (Figure 5.1). This is in 

agreement with previous experiments for Restionaceae species, B. tetraphyllum and L. 

cinerea (Chapter 3). Although there were minimal SE produced on 2,4-D, it is 

envisaged this was in part due to the associated contamination problems. It could also 

indicate the inconsistent response of this species to the exogenous application of PGRs. 

Notwithstanding, there was some positive evidence that this P G R could be used as the 

primary inducer for somatic embryogenesis as studies eventually demonstrated with 

excised zygotic embryos as the explant source (Figure 5.4). 
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Three other auxins investigated (IAA, Pic and C P A ) , using leaf basal portions of L. 

tenue, did not promote somatic embryogenesis as effectively as 2,4-D and the inherent 

contamination problem persisted (Figure 5.9, Table 5.9 and Figure 5.15). I A A is a 

naturally occurring auxin that stimulates elongation growth in coleoptiles and stems 

(Taiz and Zeiger, 1991). One of the disadvantages of this particular auxin is that it is 

easily degraded when utilised in culture media (being both light-sensitive and heat 

labile) and is rapidly metabolised within plant tissues (George, 1996). However, it has 

been demonstrated that callus induced by IAA frequently develops shoots and this 

response was demonstrated here with all concentrations of I A A promoting shoots 

(Figure 5.9). Zhang (2001) reported that IAA increased the production, maturation and 

germination of SE of Chinese cotton (Gossypium hirsutum L.), and high levels of IAA 

and K n successfully produced SE in chrysanthemum (Dendranthema grandiflorum) 

(Tanaka et al, 2000). However, in contrast his investigations demonstrated that N A A , 

IBA and 2,4-D were ineffective in stimulating somatic embryogenesis for 

chrysanthemum, indicating genotypic differences in response to PGRs. 

The other compounds investigated for L. tenue (Pic and CPA) are less commonly used, 

but are referred to as auxins because they promote the same type of responses as I A A in 

plant cells (Salisbury and Ross, 1992). Pic is often used to induce callus of broad-leafed 

plants or to induce the formation of embryogenic callus (Beyl and Sharma, 1983; Beyl 

et al, 1981). However, in this study 5 u M Pic alone did not induce callus and when 

combined with 2,4-D, significantly reduced callus production (Table 5.9). C P A has 

been shown to stimulate somatic embryogenesis in mature leaves of rose (Rosa sp.) 

(Kintzios et al., 1999) but was ineffective for L. tenue. The inclusion of C P A also 

reduced callus production (Figure 5.15). It is anticipated, however, that these auxins 

may stimulate an embryogenic response when using excised zygotic embryos as this 

tissue type appears to be more receptive to the application of exogenous PGRs. 
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Three tissue types, leaf segments, leaf basal portions and excised zygotic embryos, were 

investigated for their efficacy in producing SE for L. tenue. Availability of seed was 

severely restricted due to poor seed set and seed did not become available until the last 

6 months of the present study. A s such, leaf segments and leaf basal portions were 

utilised as the primary explant source for the majority of investigations. O f the three 

tissue types investigated, however, excised zygotic embryos provided the best evidence 

that somatic embryogenesis was possible with a significant number of SE produced 

(Figure 5.4). In addition, there was significant production of callus from zygotic embryo 

explants on 5, 10 and 50 u M 2,4-D (Figure 5.4) which was absent when leaf basal 

portions or leaf segments were used as the explant source. One of the most important 

findings in this study was the significant variation in the response of the different seed 

batches to the same treatments (Figure 5.4). All seed batches were collected within 3 

days of each other from three sites (within close proximity to each other). However, one 

seed batch did not respond at all, and the other two produced significantly different 

numbers of SE. The variability between seeds may be due to a number of factors 

including the age of seed or post-harvest treatment of the seed e.g. drying and moisture 

content. The variation in response suggests several possibilities: (1) genetic/clonal 

variation is playing a role, (2) seed viability is responsible, (3) seed dormancy may be 

involved (which is often more apparent in fresh rather than in aged seed) or a 

combination of all these factors. As there was limited seed, viability testing was not 

undertaken at this time. The use of excised zygotic embryos also had the added benefit 

of circumventing the bacterial contamination problem exhibited when using leaf basal 

portions of the plant. 

Secondary somatic embryogenesis was successfully achieved using primary L. tenue SE 

as the explant source. There was a significant 13-fold increase for SE initiated on 5 u M 

2,4-D and transferred to 1/2 M S + 1 u M B A (Figure 5.5) and a 10-fold increase for SE 

initiated on 10 u M 2,4-D and transferred to 1/2 M S + 1 u M K n (Figure 5.6). W h e n SE 

were sub-cultured onto 1/2 M S or 1/2 M S + 1 u M K n (for T M 289) there was no 

difference in the final number of secondary S E produced regardless of the conversion 

media, except for those SE initiated on 50 u M 2,4-D (Figure 5.6). 
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W h e n these SE were transferred to 1/2 M S alone they discoloured and did not produce 

any further SE, nor did they successfully convert into plantlets. In contrast, when S E 

were sub-cultured onto 1/2 M S + 1 u M K n there was a significant 11-fold increase in 

SE production per explant (Figure 5.6). The inclusion of K n was beneficial to the 

successful proliferation of secondary SE. These results were somewhat unexpected as it 

was envisaged that S E would convert into plantlets once transferred to PGR-free 

medium or media supplemented with cytokinins. Several explanations are offered for 

this outcome. The first is that the tissue source (zygotic embryos) retained embryogenic 

competence for longer than the leaf basal portions and this led to asynchronous 

development of SE. Secondly, cultures were maintained in the dark and this may have 

stimulated secondary SE rather than conversion into plantlets. This outcome was also 

observed for B. tetraphyllum where the timing of K n application and whether cultures 

were incubated in the light or dark determined the type of response (Chapter 9). There 

are a number of studies that have demonstrated the inclusion of cytokinins indeed 

stimulate secondary SE (Choi et al, 1997; Daigny et al., 1996; Veisseire et al, 1994). 

To our knowledge this is the first reported occurrence of somatic embryogenesis and 

possible secondary somatic embryogenesis for this species. 

L. squamatum was recalcitrant to all treatment combinations, regardless of PGR or 

concentration, when using leaf segments or leaf basal portions as the tissue source. Leaf 

basal portions displayed evidence of swelling on 1 u M 2,4-D but the inclusion of K n 

significantly reduced swelling (Figure 5.2). The exudation of phenolic compounds was 

again a major factor limiting the response. Not surprisingly however, there was a 

positive response when excised zygotic embryos were utilised as the tissue source for 

this species. There was a small number of SE initiated on 5, 10 and 50 u M 2,4-D 

(Figure 5.7) with 100 % of S E successfully converting into plantlets. This provides 

evidence this tissue is better suited for the stimulation of somatic embryogenesis. 
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Various other studies have demonstrated similar results with younger tissue producing 

significantly more SE than older material, Chinese cotton (Zhang et al., 2001), 

Miscanthus x ogiformis (Petersen, 1997) and giant bamboo (Dendrocalamus giganteus) 

(Fonseca et al, 1998). Tanaka et al. (2000) also demonstrated that mature leaves of 

chrysanthemum were not a suitable tissue source and somatic embryogenesis was 

significantly greater on young ray floret explants. Further experimentation on 

Cyperaceae did not proceed at this time, as plant material was not available. As 

experimentation on excised zygotic embryos was severely restricted during the present 

study, research in this direction should be pursued in future. 

When leaf basal portions and leaf segments of B. vaginalis were cultured on a variety of 

2,4-D concentrations with and without Kn, there was no embryonic response, but there 

was callus production for both tissue sources (Figure 5.3). However, the callus 

developed necrotic areas when transferred to 1/2 M S and no further development was 

evident. W h e n excised zygotic embryos were used as the explant source, there were no 

SE produced (in contrast to L. tenue and L. squamatum). A number of embryos simply 

germinated and a few produced callus (Figure 5.8). Once again the callus browned and 

did not develop further when sub-cultured onto 1/2 M S PGR-free medium. 

Investigation of IAA (5 and 10 uM) alone for B. vaginalis produced a number of SE 

(Figure 5.10) from leaf basal portions as well as shoots, root hair and callus (Figure 

5.11). It appears this species is more responsive to IAA than 2,4-D as there was no 

embryonic response for 2,4-D when utilising the same tissue source (Figure 5.3). These 

data are in agreement with studies by Tanaka et al. (2000) that demonstrated IAA 

effectively stimulated SE in chrysanthemum (JDendranthema grandiflorum), whereas 

N A A , 2,4-D, IBA, B A and T D Z were ineffective. 
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Pic at 5 u M alone or combined with 1, 5 or 10 u M 2,4-D stimulated SE for B. vaginalis 

(Figure 5.13) as well as shoots (Figure 5.14) with all SE successfully converting into 

plantlets. Although there were minimal S E produced using Pic, the data provided 

evidence that this auxin could be beneficial in stimulating somatic embryogenesis for 

this species. Other studies have demonstrated successful initiation of S E utilising 

various concentrations of Pic in other species such as switchgrass (Denchev and 

Conger, 1995), a rattan species (Calamus manan) (Goh et al, 1999) and chickpea 

(Cicer arietinum L.) (Dineshkumar et al, 1995). 

5.6 Conclusion 

Of the three tissue types investigated (leaf segments, leaf basal portions and excised 

zygotic embryos), excised zygotic embryos were superior in stimulating somatic 

embryogenesis for L. tenue and L. squamatum. As with other species investigated in this 

study, leaf segments were not suitable for the stimulation of somatic embryogenesis and 

for L. squamatum neither were the leaf basal portions. Positive results were indicated 

when using excised zygotic embryos of L. tenue and L. squamatum and the proliferation 

of secondary SE was also successfully achieved using this tissue type with 2,4-D as the 

PGR. B. vaginalis showed evidence of somatic embryogenesis on Pic and further work 

is required to investigate this auxin further. 
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Chapter 6 Investigation of the Role of Cytokinins for the Stimulation 

of Somatic Embryogenesis in the Cyperaceae 

6.1 Abstract 

Somatic embryogenesis was successfully stimulated for Lepidosperma tenue and 

Baumea vaginalis with three commonly used cytokinins (BA, Z and 2iP). Excised 

zygotic embryos of L. tenue produced the greatest number of SE on 5 u M B A + 1 u M 

2,4-D. In contrast, zygotic embryos initiated on 15 u M 2iP + 1 u M 2,4-D did not 

initially produce SE, but displayed evidence of swelling. When swollen embryos were 

sub-cultured onto 1/2 M S alone, a significant number of SE and plantlets developed. 

Leaf basal portions of B. vaginalis produced a small number of SE on all treatments 

supplemented with BA, Z or 2iP (with and without 2,4-D). These data suggest B. 

vaginalis is responsive to a range of cytokinins with the best treatment being 15 u M Z + 

1 u M 2,4-D. 

Investigation of T D Z demonstrated a trend of higher SE production for L. tenue 

and B. vaginalis than the previous cytokinins investigated (BA, Z and 2iP). In both 

species, 1 u M T D Z was the best treatment. Inclusion of 2,4-D in the media was 

detrimental to somatic embryogenesis. Comparison of 2,4-D and T D Z demonstrated 

that 2,4-D promoted callus whereas T D Z stimulated the production of SE. 

Combinations of Z and IAA using leaf basal portions of B. vaginalis displayed evidence 

of somatic embryogenesis on all treatments, however, SE production was lower than 

T D Z treatments. 

Investigation of Mesomelaena tetragona was restricted due to limited seed and 

severe browning of early initiants resulting in a poor response to all primary treatments 

(0, 1, 5 or 10 u M TDZ). Experiments investigating a combination of 2,4-D and Kn 

using excised zygotic embryos demonstrated a small number of SE produced on a range 

of treatments with the highest number of SE from 1/2 M S + 1 u M 2,4-D + 1 u M Kn. 
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6.2 Introduction 

As previously discussed in Chapter 4, many studies have demonstrated that cytokinins 

can stimulate somatic embryogenesis, either alone, or more often in combination with 

auxins in a variety of plant species (Choi et al, 1997; Kumlehn and Nitzsche, 1995; 

Veisseire et al, 1994; Wenck et al., 1988). The majority of studies to date have focused 

on dicotyledonous plants and their response to commonly used cytokinins such as K n 

and TDZ. There are few reports of the influence of cytokinins on somatic 

embryogenesis in monocotyledonous plants. Moreover, during the course of this 

investigation it became apparent there was a significant difference in response to these 

PGRs between Restionaceae and Cyperaceae, with the latter responding more 

efficiently to cytokinins than auxins. 

In addition, there have been a few studies that have demonstrated that cytokinins can 

stimulate secondary somatic embryogenesis. Choi et al (1997) showed a variety of 

cytokinins suppressed normal growth of embryos but stimulated secondary S E from the 

surfaces of primary SE of Acanthopanax koreanum Nakai. The inclusion of adenine and 

various cytokinins also promoted secondary somatic embryogenesis in Hevea 

brasiliensis (Veisseire et al, 1994) and a combination of 2,4-D and K n successfully 

stimulated secondary SE from root callus of olive (Olea europea L.) (Shibli et al, 

2001). In addition, 2iP was beneficial for embryo regeneration in olive and B A P , K n 

together with N A A promoted secondary SE in apples (Malus x domestica Borkh cv 

Gloster 69) (Daigny etal., 1996). 
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T D Z has been extensively researched in the past few years as an effective inducer of 

somatic embryogenesis due primarily to its cytokinin-like activity. In some studies, 

T D Z has been effective in stimulating direct somatic embryogenesis without an 

intervening callus as in chickpea (Cicer arietinum) (Murthy et al, 1996b), pepper 

(Capsicum annuum) (Murthy et al, 1996a), or in combination with auxins such as IAA 

in Acacia mangium (Xie and Hong, 2001). T D Z has been demonstrated to promote 

embryogenic callus which subsequently produced SE when transferred to PGR-free 

medium in cacao (Theobroma cacao) (Li et al, 1998) and Rosa hybrida and Rosa 

chinensis minima (Hsia and Korban, 1996). 

The aims of the studies in this chapter were to investigate several cytokinins alone and 

in combination with auxins to determine their effect on stimulating somatic 

embryogenesis in several members of the Cyperaceae. 

The hypotheses investigated were as follows: 

1. This study investigated the effect of exogenously applied cytokinins to test the 

hypothesis that inclusion of cytokinins in the SE initiation media would stimulate 

SE during this phase. 

2. Cytokinins are known to stimulate shoot development and were included in the 

follow-up media (after SE initiation) to test the hypothesis that cytokinins would 

stimulate shoot elongation and thereby assist in the conversion of SE into 

functioning plantlets. 

3. T D Z is thought to affect the endogenous ratio of auxins to cytokinins, was 

investigated to test the hypothesis that the inclusion of T D Z in the culture medium 

during the initiation phase would induce SE without the addition of exogenous 

auxins or cytokinins. 
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6.3 Materials and Methods 

6.3.1 Study Species 

Representative species from the Cyperaceae (Table 6.1) were selected for the 

investigation of four commonly used cytokinins, as well as TDZ for stimulation of 

somatic embryogenesis. Experiments varied for different species depending on the 

amount of plant material or seed available. Several different tissue types were 

investigated to elucidate their responsiveness to these cytokinins. BM, explant 

preparation, culture conditions, observations recorded and statistical analysis are 

described in Chapter 2. 

Table 6.1: Cyperaceae species and tissue types evaluated using cytokinins for the stimulation of somatic 
embryogenesis. 

Cyperaceae Species Tissue Type 

Lepidosperma tenue Leaf basal portions 
Zygotic embryos 

Baumea vaginalis Leaf basal portions 
Zygotic embryos 

Mesomelaena tetragona Coleoptiles (5-7 d) 
Zygotic embryos 

6.3.2 Investigation ofBA, Z and2iPfor the Stimulation of Somatic Embryogenesis 

for two Species of Cyperaceae 

Cultures were initiated from excised zygotic embryos of L. tenue and leaf basal portions 

(4-5 mm) of B. vaginalis as described in Chapter 2. Explants were transferred to BM 

supplemented with different concentrations of BA, Z and 2iP as listed below (Table 

6.2). 
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Table 6.2: Combinations of B M supplemented with BA, Z or 2iP at various concentrations to promote 
somatic embryogenesis in L. tenue and B. vaginalis. 

Treatment 

1/2 MS 
1 pM 2,4-D 
1 pM BA + 1 pM 2,4-D 
5pMBA+lpM2,4-D 
15pMBA+l pM 2,4-D 
1 pM Z + 1 pM 2,4-D 
5pMZ+lpM2,4-D 
15 pMZ+lpM2,4-D 
1 pM2iP+lpM 2,4-D 
5 pM 2iP + 1 pM 2,4-D 
15 pM2iP+lpM 2,4-D 

1 uMBA 
5pMBA 
15pMBA 
lpMZ 
5pMZ 
15pMZ 
1 pM2iP 
5pM2iP 
15pM2iP 

6.3.3 Initiation of Direct Somatic Embryogenesis utilising TDZ for L. tenue, 

B. vaginalis and M . tetragona 

Cultures were initiated from leaf basal portions (4-5 mm) of L. tenue on BM 

supplemented with the following P G R s (Table 6.3). Experimental design was restricted 

due to a shortage of plant material and non-availability of seed at this time. It should 

also be noted that leaf segments were not investigated as this tissue type had not been 

responsive in past trials. The treatment combination of 1/2 M S + 1 u M 2,4-D was 

investigated for comparative purposes as it had been shown in previous experiments 

(this study) to be the best inducer of SE in the Restionaceae. 
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Table 6.3: Treatment combinations of 2,4-D and TDZ evaluated for the stimulation of SE from leaf 

portions of I. tenue. 

2,4-D TDZ 
(uM) (uM) 

0 0 
0 1 
1 1 
1 o 
0 5 
1 5 

Cultures of B. vaginalis were initiated from leaf segments (5-10 m m ) and leaf basal 

portions (4-5 m m ) on 1/2 M S supplemented with 0, 1, 5 or 10 u M TDZ. Explants 

remained on T D Z treatments for 6 weeks before being sub-cultured onto 1/2 M S + 1 

p:M K n (in light) for conversion into plantlets. The plantlets were subsequently sub-

cultured onto 1/2 M S PGR-free medium for 3 weeks prior to potting out. Soil mixture 

consisted of 2 parts sand, 1 part perlite, 1 part German peatmoss, pasteurised at 70° C 

for 30 mins. Pots were maintained under overhead watering in a glasshouse for 2 weeks, 

followed by watering to fill capacity for a further 4 weeks. 

A small amount of B. vaginalis seed became available in the last 6 months of the 

present study. Excised zygotic embryos were prepared as described in Chapter 2 and 

sub-cultured onto 1/2 M S or 1/2 M S +1 u M T D Z to determine whether T D Z would 

stimulate somatic embryogenesis for this species. 

Zygotic embryos of M. tetragona were excised and cultured onto 1/2 MS supplemented 

with 0.5 [iM G A + 1 (iM Z for germination. Once coleoptiles had reached a minimum 

of-10 m m , explants were excised into ~2 m m sections and sub-cultured onto 1/2 M S 

supplemented with 0,1, 5 or 10 T D Z for the stimulation of somatic embryogenesis. 
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6.3.4 Investigation ofKn in combination with 2,4-D for the Stimulation of Somatic 

Embryogenesis utilising Zygotic Embryos 

Due to extensive browning problems experienced with excising coleoptiles of M. 

tetragona, zygotic embryos were aseptically excised and sub-cultured onto 1/2 M S with 

the following P G R s (Table 6.4). SE were subsequently transferred to 1/2 M S PGR-free 

medium for conversion into plantlets. 

Table 6.4: Basal medium supplemented with 2,4-D and Kn for the stimulation of SE using excised 
zygotic embryos of M. tetragona. 

al Medium 

1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 

Kn 
(uM) 

0 
0.5 
1 
0 
0.5 
1 

2,4-D 
(uM) 

0 
0 
0 
1 
1 
1 

6.3.5 Examination ofZ in combination with IAA for the Stimulation of Somatic 

Embryogenesis 

Cultures were initiated from B. vaginalis leaf basal portions (4-5 m m ) and transferred to 

B M supplemented with Z and IAA (Table 6.5). Media were maintained in the dark as 

IAA is light sensitive. Due to limited plant material only two concentrations of each 

P G R were investigated. 

Table 6.5: Treatment combinations of Z and IAA for the stimulation of somatic embryogenesis in leaf 

basal portions of B. vaginalis. 

al Medium 

1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 
1/2 M S 

Z 
(uM) 

0 
5 
5 
0 
10 
10 
0 

IAA 
(uM) 

0 
0 
5 
5 
0 
10 
10 
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6.4 Results 

6.4.1 Initiation of Direct SE utilising BA, Z and2iP 

SE production for L. tenue was minimal and the best treatments were 5 u M B A + 1 jj.M 

2,4-D (0.3 SE.explanf1), 1 u M 2,4-D (0.13 SE.explanf1) and 15 u M 2iP + 1 u M 2,4-D 

(0.13 SE.explanf1) (Figure 6.1). Callus was white and friable having root hair. SE 

tended to form in clumps (Figure 6.2). Although 5 u M B A + 1 u M 2,4-D produced the 

highest number of SE, these failed to successfully convert into plantlets once transferred 

to 1/2 M S PGR-free medium (Figure 6.1). The most successful conversion of SE into 

plantlets were those SE initiated on 15 u M 2iP + 1 u M 2,4-D with a total of 12 plantlets 

developing from the original 4 SE. Interestingly, the treatment combination of 15 u M Z 

+ 1 u M 2,4-D did not produce any SE during the first 6 weeks, but showed evidence of 

swelling (Figure 6.3). When the swollen zygotic embryos were subsequently transferred 

to 1/2 M S PGR-free media, a significant number of SE developed. These SE continued 

to develop into plantlets with both roots and shoots. However, in certain treatments (1/2 

M S , 1 u M Z + 1 u M 2,4-D, 15 u M Z + 1 u M 2,4-D and 15 u M 2iP + 1 u M 2,4-D) there 

were more plantlets than the original number of SE initiated and this is discussed further 

in Chapter 10 (Figure 6.1). 
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Figure 6.1: Effect of B A , Z and 2iP on S E and the conversion of S E into plantlets for L. tenue w h e n using 
excised zygotic embryos. (Vertical bars indicate the standard error of the means.) 
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B 

D 

Figure 6.2: Various stages of somatic embryogenesis for L. tenue using leaf basal portions as the explant 
source. A - White, friable callus with developing root hair. B, C and D -Numerous SE developing in 
clumps from the explant. E -Scanning electron microscopy of individual SE. F - Individual SE and 
developing root hair. Bar = 1mm. 
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Figure 6.3: Effect of B A , Z and 2iP on swelling, root hair and callus production using zygotic embryos of 
L. tenue. (Vertical bars indicate the standard error of the means.) 

S E were produced on all treatments (excluding 1/2 M S ) for B. vaginalis when using leaf 

basal portions, but there was no evidence of root hair or callus production. This is in 

contrast to the results for L. tenue (Figure 6.1) where SE were observed on a few 

treatments only. Almost 100 % of leaf basal portions regenerated new shoots. These 

data demonstrate that all levels of Z in combination with 2,4-D were effective in 

stimulating somatic embryogenesis, with the best treatment being 15 u M Z + 1 u M 2,4-

D (Figure 6.4). These data also suggest that this particular species is responsive to a 

wider range of cytokinins than L. tenue and it is envisaged that with further 

investigations, improvements in SE production are likely. 
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Figure 6.4: Effect of BA, Z and 2iP on shoot production and SE when utilising leaf basal portions of 
B. vaginalis. (Vertical bars indicate the standard error of the means.) 

6.4.2 Initiation of Direct Somatic Embryogenesis utilising TDZ 

There was no shoot, root hair or callus production for any treatment from leaf basal 

portions of L. tenue. The best treatment for SE was 1 u M T D Z (0.7 SE.explanf1) 

(Figure 6.5). Interestingly, 1 u M 2,4-D (which was the best treatment for somatic 

embryogenesis in Restionaceae) did not produce any SE and it was demonstrated that 

inclusion of 1 u M 2,4-D with either concentration of T D Z significantly reduced SE 

compared to T D Z alone (Figure 6.5). 

1/2 MS 1uMTDZ 1 uM TDZ + 1 pM 2,4-D 5 J J M T D Z 5(jMTDZ + 
1 MM 2,4-D 1 uM 2,4-D 

Figure 6.5: Effect of PGRs (TDZ and 2,4-D) on somatic embryogenesis for L. tenue when utilising leaf 
basal portions as the tissue source. (Vertical bars indicate the standard error of the means.) 
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For B. vaginalis, there was no evidence of shoot, root or callus production for any 

treatment when using leaf segments as the explant source. A s in previous experiments, 

leaf segments began to brown immediately and were classified as dead by the end of the 

first week. In contrast, leaf basal portions produced a significant number of SE on all 

treatments supplemented with T D Z (Figure 6.6) with the control producing only shoots 

and root hair (Figure 6.7). In agreement with the above experiment for L. tenue (Figure 

6.5), this species appeared to favour T D Z over auxins for the stimulation of somatic 

embryogenesis. 
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Figure 6.6: Comparison of two explant sources (leaf segments versus leaf basal portions) on three 
concentrations of T D Z for the stimulation of SE in B. vaginalis. (Vertical bars indicate the standard error 

of the means.) 
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1/2 MS luMTDZ 5 M M T D Z 10|jmTDZ 

Figure 6.7: Effect of T D Z on the production of shoot and root hair for B. vaginalis when using leaf basal 
portions as the explant source. (Vertical bars indicate the standard error of the means.) 

SE initiated above (Figure 6.6) remained on these treatments for a total of 10 weeks. As 

in previous experiments with B. tetraphyllum and L. cinerea (Restionaceae, Chapter 4) 

there was a significant increase in the number of SE produced between weeks 6 and 10. 

At week 10, SE were transferred to media consisting of 1/2 M S + 1 u M K n to stimulate 

shoot development. SE began to brown within the first week. After 3 weeks on 1/2 M S 

+ 1 u M K n (Week 13), the number of white SE had significantly decreased and there 

was no evidence of shoot development (Figure 6.8) indicating that K n had been 

detrimental to the conversion of SE into plantlets. 
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Figure 6.8: Comparison of B. vaginalis SE at weeks 6 and 10 when on 3 levels of TDZ. At week 10, SE 
were transferred to 1/2 M S + 1 p M Kn for a further 3 weeks. There was a reduction in SE by Week 13. 
(Vertical bars indicate the standard error of the means.) 

SE remained on 1/2 M S + 1 u M K n for 3 weeks only. All surviving SE were transferred 

to 1/2 MS PGR-free medium (in light) and almost 100 % of these successfully 

converted into plantlets regardless of the inductive TDZ concentration (Figure 6.9). 
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Figure 6.9: Percentage of SE successfully converted into plantlets after initiation on 3 levels of TDZ, 3 
weeks on 1/2 M S + 1 p M K n and finally 1/2 M S alone for B. vaginalis. 
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Comparison of B. vaginalis leaf basal portions initiated on 2,4-D and T D Z clearly 

demonstrated a significant difference in response to these PGRs. Callus was promoted 

by 2,4-D, whereas T D Z stimulated somatic embryogenesis (Figure 6.10). 
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Figure 6.10: Comparison of 2,4-D (auxin) versus T D Z (cytokinin-like activity) on S E from leaf basal 
portions ofB. vaginalis. (Vertical bars indicate the standard error of the means.) 

6.4.3 Effects of TDZ on Somatic Embryogenesis from Excised Zygotic Embryos 

For B. vaginalis, there was no evidence of germination, root hair, swelling, callus or 

somatic embryogenesis for any of the controls. In contrast, 1/2 M S supplemented with 1 

u M T D Z significantly increased direct germination as well as producing a small number 

ofSE (Figure 6.11). 
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Figure 6.11: Effect of 1 p M T D Z on direct germination and SE when using excised zygotic embryos of 
B. vaginalis. (Vertical bars indicate the standard error of the means.) 

Approximately 45 % of zygotic embryos on T D Z responded by direct germination 

without any evidence of somatic embryogenesis. Thirty six percent of zygotic embryos 

did not germinate but produced SE compared to zero germination and zero somatic 

embryogenesis on 1/2 M S alone (Figure 6.12). 
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Figure 6.12: Percentage of B. vaginalis zygotic embryos that responded by direct germination or the 

production of SE. 
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For M. tetragona, most excised zygotic embryos showed evidence of browning, 

however, this did not prevent seeds from germinating. Coleoptiles were excised and 

sub-cultured onto 1/2 M S supplemented with 0, 1, 5 or 10 TDZ. Coleoptile explants 

began to brown almost immediately. Severe browning of tissues and leaking of phenolic 

compounds into the agar surrounding the explants occurred within 24 hours. There was 

no evidence of swelling, callus, shoot, root hair or SE for any of the treatments. 

6.4.4 Response of Z with IAA for the Stimulation of Somatic Embryogenesis 

The two best treatments for SE (from leaf basal portions) of B. vaginalis were 10 u M Z 

(1.2 SE.explanf1) and 5 u M Z + 5 u M IAA (1.13 SE.explanf1) (Figure 6.13). There was 

shoot production for all treatments (including the control) indicating no significant 

difference in shoot development. There was some evidence of root hair on most 

treatment combinations of Z and IAA (Figure 6.14) except for the highest 

concentrations of Z and IAA alone (10 u M IAA) which appeared to suppress root hair 

production. There was no callus produced for any treatments. 

io <o IO O o o 

Figure 6.13: Effect of Z and IAA on number of SE produced from leaf basal portions of B. vaginalis. 
(Vertical bars indicate the standard error of the means.) 
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Figure 6.14: Shoot and root hair production for B. vaginalis leaf basal portions initiated on a combination 
of Z and IAA. (Vertical bars indicate the standard error of the means.) 

6.4.5 Influence ofKn in combination with 2,4-D for the Stimulation of Somatic 

Embryogenesis in M . tetragona 

Excised zygotic embryos of M. tetragona demonstrated direct germination on all 

treatment combinations except 1/2 M S + 1 u M 2,4-D + 1 u M Kn. There was evidence 

of swelling on 3 treatments and SE on all media supplemented with 1 u M 2,4-D (with 

and without Kn). There was no SE production in treatments with K n alone. SE were 

greatest on 1/2 M S + 1 u M 2,4-D + 1 u M K n (Figure 6.15). This is in contrast to B. 

tetraphyllum (Restionaceae) where inclusion of K n in the initiation media significantly 

reduced or inhibited SE entirely. However, when the M. tetragona SE were 

subsequently transferred to 1/2 M S PGR-free medium, none of these SE successfully 

converted into plantlets. 
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Figure 6.15: Effect of K n with and without 2,4-D on somatic embryogenesis of M. tetragona when using 
excised zygotic embryos as explants. (Vertical bars indicate the standard error of the means.) 
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6.5 Discussion 

Somatic embryogenesis was successfully achieved for L. tenue and B. vaginalis when 

investigating three commonly used cytokinins (BA, Z and 2iP). In the case of L. tenue, 

the best production of SE was on a combination of 5 u M B A + 1 u M 2,4-D (Figure 6.1) 

(using excised zygotic embryos), however, these did not successfully convert into 

plantlets once transferred to conversion media. In contrast, zygotic embryos initiated on 

15 u M 2iP + 1 u M 2,4-D did not produce SE in the first 6 weeks, but showed evidence 

of swelling (Figure 6.3). W h e n these swollen embryos were sub-cultured onto 1/2 M S 

alone, a significant number of SE and plantlets developed (Figure 6.1). This 

phenomenon has been observed in other species investigated in this study and it is 

envisaged that the zygotic embryos had been induced to become embryogenic and SE 

were expressed once they were transferred to PGR-free media. Leaf basal portions of B. 

vaginalis produced a small number of SE on all treatments supplemented with BA, Z or 

2iP (with and without 2,4-D). These data suggest that B. vaginalis is responsive to a 

wider range of cytokinins than other species investigated with the best treatment being 

15 u M Z + 1 u M 2,4-D (Figure 6.4). 

Investigation of TDZ demonstrated a trend of higher SE production for L. tenue and B. 

vaginalis than the other cytokinins investigated (BA, Z and 2iP). In both species, 1 u M 

T D Z was the best treatment (Figure 6.5 and Figure 6.6). T D Z is a synthetic phenylurea 

with cytokinin-like activity (Leshem et al, 1994; Murch et al, 1997) that has 

previously been found to induce somatic embryogenesis in a wide range of plant species 

(Murch and Saxena, 2001). It is thought to modulate the metabolism of endogenous 

auxins and cytokinins (Murthy et al, 1998). Interestingly, the results for these species 

demonstrate that inclusion of 2,4-D was detrimental to somatic embryogenesis, contrary 

to the results for most species investigated from the Restionaceae (Chapter 3). 
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These results are in agreement with studies on Oncidium 'Grower Ramsey', where it 

was demonstrated that a variety of auxins (IAA, IBA, N A A and 2,4-D) significantly 

retarded the production of SE, whereas various cytokinins (2iP, Z, Kn, B A and T D Z ) 

promoted somatic embryogenesis (Chen and Chang, 2001). The inclusion of T D Z at 5 

and 10 u M suppressed root hair and shoot development for B. vaginalis when using leaf 

basal portions as the explant source (Figure 6.7). T D Z is known to stimulate shoot 

development due to its cytokinin-like activity, but in this case, even the lowest 

concentration of 1 u M T D Z reduced shoot development compared to the control (Figure 

6.7). W h e n SE initiated on T D Z remained on these treatments for a further 4 weeks, 

there was a significant increase in SE (Figure 6.8). This may indicate two possibilities; 

firstly there may have been a continued proliferation of SE due to asynchronous 

expression of SE; or cells had been induced to become embryogenically competent and 

expressed themselves once PGRs had become depleted in the media. Following transfer 

of SE to conversion medium supplemented with Kn, the SE began to deteriorate and 

after 3 weeks there was a considerable reduction in the number of remaining white SE 

(Figure 6.8). SE were rescued and transferred to 1/2 M S alone (in light) with nearly 100 

% successfully converting into plantlets (Figure 6.9). These data suggest that the 

inclusion of K n when cultures were maintained in the dark was detrimental to the 

successful conversion of SE into plantlets as observed for B. tetraphyllum. A 

comparative study on the influence of light on conversion of SE into plantlets has been 

conducted to further examine this phenomenon (Chapter 9). 

Comparison of 2,4-D and TDZ and their effects on SE is clearly demonstrated when 

using leaf basal portions of B. vaginalis. The auxin, 2,4-D, clearly promoted callus 

whereas T D Z stimulated SE (Figure 6.10). Excised zygotic embryos were treated with 1 

yM T D Z and results demonstrated a significant increase in direct germination and SE 

production compared to 1/2 M S (Figure 6.11). The inclusion of T D Z appeared essential 

to stimulate germination or an embryonic response, as there was no response on other 

treatments (Figure 6.12). 
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Combinations of Z and I A A were investigated for B. vaginalis to promote embryogenic 

callus or SE from leaf basal portions. There was some evidence of somatic 

embryogenesis on all treatments supplemented with Z and IAA (Figure 6.13), however, 

SE were much lower than on T D Z treatment combinations discussed above (Figure 

6.10). All combinations of Z and IAA (and the control) stimulated shoot development 

and root hair was evident on most media investigated (Figure 6.14). It is anticipated this 

species is more responsive to cytokinins than auxins and is particularly responsive to 

TDZ. The exact mechanisms involved are not fully understood, but it is likely that the 

cytokinin-like activity of T D Z or perhaps its influence on the endogenous levels of both 

auxins and cytokinins is responsible for the increase in somatic embryogenesis. 

Investigation of M. tetragona was restricted due to limited seed, nevertheless a small 

number were germinated on 0.5 u M G A + 1 u M Z to generate coleoptiles for use as the 

tissue source. Browning of explants was so severe that it inhibited response on all 

primary treatments (0,1,5 or 10 u M TDZ). Antioxidants were supplemented into media 

in later investigations to alleviate the browning phenomenon and are described in 

Chapter 7. Experiments investigating a combination of 2,4-D and K n on excised zygotic 

embryos demonstrated some direct germination and SE on most treatments with the 

greatest number of SE on media supplemented with 1 p M 2,4-D + 1 u M K n (Figure 

6.15). This is in contrast to results for the Restionaceae, where the inclusion of K n in 

the initiation media significantly reduced SE production. Again results demonstrated 

that this family responded differently to the Restionaceae. 
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6.6 Conclusion 

The results from this study clearly indicate that excised zygotic embryos are the most 

suitable tissue for the stimulation of somatic embryogenesis for L. tenue and B. 

vaginalis. The use of 2,4-D in combination with K n was successful only with this tissue 

type, whereas T D Z showed positive evidence of somatic embryogenesis from leaf basal 

portions of L. tenue and B. vaginalis. This is particularly important because seed 

availability is often restricted and seed germinability is minimal. Further studies 

targeting T D Z with both leaf basal portions and excised zygotic embryos is 

recommended. Although the success is limited at this time, results of this study provide 

a positive insight into the development of an efficient, rapid method of clonal 

propagation for these vitally important species. 
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Chapter 7 Role of Antioxidant C o m p o u n d s in the Alleviation of 

Phenolic Induced Browning of Explants in the Restionaceae 

and Cyperaceae (Southern Rushes and Sedges). 

7.1 Abstract 

Extensive browning of tissues was a significant obstacle when initiating cultures of 

plant species belonging to the Restionaceae and Cyperaceae. Studies investigating 1, 5 

and 10 m M tri-potassium citrate (KC) and 1, 5 and 10 m M citric acid (CA) combined 

with 1 u M 2,4-D (as an antioxidant treatment) demonstrated that the inclusion of 1 m M 

C A in the initiation media reduced browning of explants and significantly increased SE 

for two species, Loxocarya cinerea and Lepidosperma tenue, but reduced SE for 

Baloskion tetraphyllum. 

Subsequent investigations used primary SE of B. tetraphyllum, on 1/2 M S + 1 p M 

2,4-D or 1/2 M S + 1 u M 2,4-D + 0.1 % KC:CA. Results indicated a reduction in the 

severity of browning for SE on the antioxidant treatment (0.1 % KC:CA) compared to 

the control. There was a significant increase in SE (~127-fold) for the KC:CA treatment 

compared to the treatment without KC:CA (with ~25-fold increase) over the same 

period (9 weeks). 

Further experiments investigated the individual components of potassium, tri-

potassium: citrate (KC) and citric acid (CA) and the combined treatment of KC:CA (at 

0.05 % and 0.1 % ) to elucidate which individual component (if any) was responsible for 

the reduction in browning and significant increase in SE production. Three tissue types 

were investigated: green coleoptiles (8-14 d), whole "naked" seed and white coleoptiles 

(5-7 d) of B. tetraphyllum. The greatest number of SE were stimulated by the combined 

treatments of either 0.05 % or 0.1 % KC:CA and 1 u M 2,4-D alone. 
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There was significant reduction in browning for all treatments containing KC1, K C or 

C A but this did not always correspond with an increase in SE. The results clearly 

demonstrated that the specific combination of K C : C A was the key to the successful 

initiation of SE as the individual components were less effective in stimulating SE, even 

though they reduced browning. The anticipated mechanisms involved for the reduction 

in browning and the increase in somatic embryogenesis are discussed. 
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7.2 Introduction 

One of the most difficult problems to overcome when initiating cultures of Australian 

native plants is the browning of explants due to phenolic interactions when injured. The 

rapidity at which oxidation or browning of plant material occurs after wounding differs 

between species of plants. Genera which contain high levels of hydroxyphenols (e.g. 

Juglans, Quercus) tend to exude larger amounts of phenolic compounds and their in 

vitro growth is greatly inhibited (George, 1996). The compounds excreted by different 

genotypes are not only different in the quality and quantity produced, but may also vary 

in their toxicity to the plant. Different species, and indeed different plants within 

species, vary in their capacity to tolerate such substances (Garton and Moses, 1986). 

Mante and Tepper (1983) successfully used a mixture of ascorbic acid, citric acid and 

cysteine to prevent browning in Musa textilis explants. These components are effective 

because they can scavenge free radicals produced after injury to the explant (Thompson 

et al, 1987). Preliminary investigations were undertaken to determine whether the 

inclusion of citric acid (CA) and tri-potassium citrate (KC) would reduce browning and 

increase somatic embryogenesis. The K C component was included because it is known 

that potassium does not have any adverse effects on cell functioning. The combined 

antioxidant treatment (0.1 % K C : C A ) utilised in this investigation was selected based 

on previous results (Panaia et al, 2000) as it had been successful in reducing browning 

of Symonanthus bancroftii explants, a Western Australian species belonging to the 

Solanaceae family which displayed extensive phenolic induced injury (leading to death) 

during micropropagation. 

Given the previous success, KC, CA and the combined treatment of KC:CA were 

investigated as antioxidants. It was hypothesised that the addition of these components 

to the culture media would reduce phenolic browning of the explant tissue and 

consequently improve somatic embryogenesis. Efficacies of the individual components 

of the antioxidant solution were investigated to further elucidate the effectiveness of the 

individual components in reducing the phenolic oxidation mediated tissue death. 
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7.3 Materials and Methods 

7.3.1 Study Species 

Species from the Restionaceae and Cyperaceae (Table 7.1) were selected to investigate 

the effectiveness of several components, including tri-potassium citrate and citric acid, 

in reducing browning of tissues following excision from the parent material. Explant 

preparation, B M , culture conditions, observations recorded and statistical analysis for 

all experiments are described in Chapter 2. 

Table 7.1: Species investigated using tri-potassium citrate (KC) and citric acid (CA) to reduce browning 
of explants. 

Family Species 

Restionaceae Baloskion tetraphyllum 

Restionaceae Loxocarya cinerea 

Cyperaceae Lepidosperma tenue 

Cyperaceae Baumea vaginalis 

7.3.2 Investigation ofKCandCA to Reduce Browning of B. tetraphyllum, 

L. cinerea, L. tenue and B. vaginalis Explants 

A n investigation was undertaken to explore the separate roles of K C and C A alone and 

in combination with 2,4-D (Table 7.2). K C and C A were filter sterilised into the media 

after autoclaving. Cultures were initiated from 3 tissue types for B. tetraphyllum - green 

coleoptiles (~2 m m ) , white coleoptiles (~2 m m ) and primary SE. Leaf basal portions (4-

5 m m ) were used for L. cinerea, L. tenue and B. vaginalis. 

140 



Table 7.2: Combinations of tri-potassium citrate O^C) and citric acid (CA) evaluated to reduce browning 
caused by injury during excision of explants from B. tetraphyllum, L. cinerea, L. tenue and B. vaginalis. 

Treatment Description 
Number 

1 1/2 M S 
2 1/2 M S + 1 p M 2,4-D 
3 1/2 M S + 1 m M K C + 1 p M 2,4-D 
4 1/2 M S + 5 m M K C + 1 p M 2,4-D 
5 l/2MS + 10mMKC + lpM2,4-D 
6 1/2 MS + 1 mM CA + 1 pM 2,4-D 
7 l/2MS + 5mMCA+lpM2,4-D 
8 l/2MS + 10mMCA+lpM2,4-D 

7.3.3 Examination of 0.1 % (w/v) KC'CA as an Antioxidant to Reduce Browning of 

B. tetraphyllum Explants 

B. tetraphyllum SE previously initiated on 1/2 M S + 1 p M 2,4-D were used as the 

explant source and sub-cultured onto 1/2 M S + 1 u M 2,4-D or 1/2 M S + 1 p M 2,4-D + 

0.1 % KC:CA. Subjective observations regarding the level of browning were made and 

the number of "new" SE were recorded weekly for a total of 9 weeks. 

7.3.4 Effects of the Individual Components - Potassium, KC, CA and the combined 

treatment ofKC:CA as an Antioxidant in B. tetraphyllum 

Green (8-14 d) coleoptiles, white (5-7 d) coleoptiles (~ 2 m m ) and "naked" seed of B. 

tetraphyllum were initiated on the following media to elucidate which particular 

component of the KC:CA combination was responsible for the reduction in browning 

and improvement in SE. The equivalent concentration of each component was 

calculated based on the original 0.1 % KC:CA combination i.e. 78.42 m M K + 26.14 

m M C A for the K C combined portion plus an extra 10.4 m M CA, giving a total of 36.54 

m M C A in the combined KC:CA treatment. Explant and "naked" seed preparation are 

described in Chapter 2. 

141 



Table 7.3: Treatment combinations of KC:CA, KC1, CA and KC evaluated using 3 explant sources: green 
coleoptiles, white coleoptiles and "naked" seed of B. tetraphyllum. 

Treatment Media 

1/2 MS + 0.05 % KC:CA + 1 pM 2,4-D 

1/2 MS + 39.21 m M KC1 + 1 pM 2,4-D 

1/2 MS + 18.27 m M CA + 1 pM 2,4-D 

1/2 MS + 13.07 m M KC +1pM 2,4-D 

1/2 MS+ 1 pM 2,4-D 

1/2 MS + 0.1 % KC:CA + 1 pM 2,4-D 

1/2 MS + 78.42 rnM KC1 + 1 pM 2,4-D 

1/2 MS + 36.54 m M CA + 1 pM 2,4-D 

1/2 MS + 26.14 m M KC + 1 pM 2,4-D 

Note: 0.05 % KC:CA has the equivalent of 39.21 mM K + 13.07 mM CA (KC portion) + 5.2 mM CA. 
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7.4 Results 

7.4.1 Influence ofKC and CAasan Antioxidant and for the Stimulation of Somatic 

Embryogenesis in B. tetraphyllum, L. cinerea, L. tenue and B. vaginalis 

For B. tetraphyllum, investigation of K C and C A treatments demonstrated a significant 

reduction in browning (P=0.0) compared to the control and 1/2 M S + 5 m M C A + 1 p M 

2,4-D when using green coleoptiles as the explant source (Figure 7.1). Green coleoptiles 

initiated on 1 p M 2,4-D alone also remained green. These explants began swelling, 

producing SE and callus within the first week. There was no significant difference in 

the level of browning when using white coleoptiles (Figure 7.2) (except for the controls) 

with the majority of explants remaining white for the duration of the experiment. In 

contrast, there was significant reduction (PO.0001) in browning when using primary 

SE. Three of the antioxidant treatments (10 m M K C , 5 m M C A and 10 m M C A ) and the 

control (1/2 M S ) were ineffective in reducing browning of the explants compared to the 

other treatments (Figure 7.3). The second, important observation was the significant 

difference in SE production between coleoptiles and primary SE with the latter 

producing 10 fold more SE than the next best treatment of 1 p M 2,4-D from green 

coleoptiles of B. tetraphyllum (Figure 7.4). 
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Figure 7.1: Percentage of B. tetraphyllum explants remaining green after treatment with three 
antioxidants when using green coleoptiles (8-14 d) as the explant source. 
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Figure 7.2: Percentage of B. tetraphyllum coleoptiles (5-7 d) remaining white after treatment with 1, 5 or 

lOmMKCorCA. 
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Figure 7.3: Percentage of B. tetraphyllum primary S E remaining white after treatment with three 
antioxidants. 
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Figure 7.4: Proliferation of S E from three different tissue sources of B. tetraphyllum on media 
supplemented with either K C or C A at 1, 5 or 10 m M with 1 p M 2,4-D. (Vertical bars represent the 
standard error of the means.) 

Subjective observations were made in regard to the level of browning for L. cinerea 

explants (as phenolic compounds were not quantitatively measured). The two best 

treatments for reducing browning were 1/2 M S + 1 m M KC/^ 1 p M 2,4-D (with 73 % 

of explants remaining green) and 1/2 M S + 1 m M C A + 13pM 2,4-D (with 70 % of 

explants remaining green) after 6 weeks of incubation (Figure 7.5). It was observed that 

~ 50 % of the control explants andjl p M 2,4-D explants browned completely within the 

first week. Interestingly, explants initiated on 1/2 M S + 10 m M C A + 1 p M 2,4-D 

demonstrated the greatest amount of browning with only 3 % of explants remaining 

green (Figure 7.5). Leaf basal portions initiated on media supplemented with 1 m M K C 

or 1 m M C A with 1 p M 2,4-D produced significantly more SE (Figure 7.6) and callus 

(Figure 7.7) than other treatments. Inclusion of 1 m M K C in the media increased SE 

production by -3.5 fold compared to 1 p M 2,4-D alone, a significant improvement over 

previous results for this species to date. 
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Figure 7.5: Percentage of leaf basal portions of L. cinerea remaining green after treatment with 3 
antioxidants. (Vertical bars represent the standard error of the means.) 
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Figure 7.6: Effect of tri-potassium citrate (KC) and citric acid (CA) on production of SE from leaf basal 
portions of I. cinerea. (Vertical bars represent the standard error of the means.) 

146 



a. 

u-
0) 
Q. 
C 
CO 

£ 

3 

2.5 ^ 

2 

1.5 

1 

0.5 

0 aJLll._E.ji 
C! 

Q 
4 
CM" 

• Shoots 

• Root Hair 

D Callus 

+ a 
* CM 

+ Q 

9 * 
*- CM 

+ Q 

,- CM 

1 s 
O __ 

5* 
+ Q 

6^ 
c a. 
o ,_ 

Figure 7.7: Effect of tri-potassium citrate O ^ C ) and citric acid ( C A ) on shoot, root hair and callus for 
L. cinerea using leaf basal portions as the explant source. (Vertical bars represent the standard error of 
the means.) 

For L. tenue, reduction of browning was greatest on 1/2 M S + 1 m M C A + 1 p M 2,4-D 

(60 % of explants remaining green) and 1/2 M S + 1 m M K C + 1 p M 2,4-D (50 % of 

explants remaining green) (Figure 7.8), The best treatment for SE production was 1/2 

M S + 1 m M C A + 1 u M 2,4-D. All media supplemented with either K C or C A at 1, 5 or 

10 m M (except 10 m M C A ) improved somatic embryogenesis significantly (Figure 

7.9). There was minimal callus, root hair or shoot production for all treatments (data not 

shown). The number of SE were significantly higher than all previous experiments for 

this species and strongly indicated that the presence of phenolic compounds had been 

detrimental to SE production in past trials. These results demonstrated that the inclusion 

of an antioxidant and the subsequent reduction in browning had been beneficial for the 

stimulation of somatic embryogenesis in this species. 
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Figure 7.8: Percentage of leaf basal portions of L. tenue remaining green after 6 weeks following 
treatment with 3 different antioxidants. 

Figure 7.9: Effects of two antioxidants on the number of S E for L. tenue from leaf basal portions. 
(Vertical bars represent the standard error of the means.) 

There was a significant difference in the reduction in browning for B. vaginalis explants 

with 1/2 M S + 1 m M K C + 1 p M 2,4-D having 83 % of its explants remaining green for 

the entire experiment (Figure 7.10). In contrast, explants initiated on 1/2 M S + 1 0 m M 

C A + 1 p M 2,4-D completely browned within the first week. There were no SE 

produced for B. vaginalis on any treatment. Inclusion of 1, 5 or 10 m M K C or C A 

increased callus production compared to the control with the greatest callus production 

on the combined treatment of 1 m M K C + 1 p M 2,4-D (Figure 7.11). 
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Figure 7.10: Percentage of explants remaining green after 6 weeks after treatment with 3 antioxidants to 
reduce browning for B. vaginalis leaf basal portions. 
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Figure 7.11: Effect of two components, tri-potassium citrate (KC) and citric acid (CA) on shoot, root hair, 
callus and swelling of leaf basal portions of B. vaginalis. (Vertical bars represent the standard error of the 

means.) 
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7.4.2 Effect of 0.1 % KC.CA on Browning of Explants and Subsequent Production of 

Secondary SEfor B. tetraphyllum 

For B. tetraphyllum subjective observations noted a reduction in browning of primary 

SE cultured on media supplemented with 0.1 % KC:CA. There was a significant 

difference in the number of secondary SE produced with 25 new SE developing from 

one primary SE for the controls (1 p M 2,4-D without KC:CA) and 127 SE developing 

from one primary SE for the antioxidant treatment (1 p M 2,4-D with 0.1 % KC:CA). 

There was a total of-2,326 SE produced for the controls in 9 weeks. For the antioxidant 

treatment there were -11,475 SE produced from -0.36 g of original plant material 

representing an estimated 32,000 SE from 1 g of plant material. Rapid embryo 

production occurred on the KC:CA treatment between weeks 6 and 9 (Figure 7.12). 
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Figure 7.12: Comparison of the effects of 2,4-D with and without 0.1 % KC:CA on the production of 
secondary SE for B. tetraphyllum using primary SE as the explant source. (Vertical bars represent the 
standard error of the means.) 

7.4.3 Effects of the Individual Components ofKC:CA on Browning of 

B. tetraphyllum Explants and Somatic Embryogenesis 

When using green coleoptiles, there were significant differences (PO.05) in the number 

of SE with 0.1% KC:CA producing the greatest number of SE (0.9 SE.explanf1), 

followed by 1 p M 2,4-D (0.7 SE.explanf1) and 0.05 % KC:CA (0.3 SE.explanf1). There 

were no SE produced on the remaining treatments (Figure 7.13). 
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Explants initiated on KC1 or K C (at all concentrations) remained mostly green for the 

duration of the experiment compared to -15 % of explants remaining green for 

treatments supplemented with C A (at both concentrations) (Figure 7.14). These data 

indicated that KC1 and K C were more effective in reducing browning than CA, but were 

ineffective in stimulating somatic embryogenesis. In contrast, the three treatments (0.05 

% K C : C A + 1 p M 2,4-D, 0.1 % K C : C A + 1 p M 2,4-D and 1 p M 2,4-D alone) that did 

stimulate the greatest number of SE (Figure 7.13) also inhibited or significantly reduced 

browning of explants (Figure 7.14). 
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Figure 7.13: Effect of various antioxidant treatments on the number of S E using green coleoptiles (8-14 

d) of B. tetraphyllum. (Vertical bars represent the standard error of the means.) 
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Figure 7.14: Effect of antioxidant combinations on reducing the level of browning for green coleoptiles 
(8-14 d) of B. tetraphyllum. 

For "naked" seed of B. tetraphyllum, there was minimal browning for all treatments 

except for those seeds cultured on 26.14 m M | K C + 1 p M 2,4-D with 10 % of seeds 

browning (data not shown). This was not totally unexpected, as "naked" seed were used 

instead of excised coleoptiles and excessive damage was therefore i avoided. The 

combined treatments of 0.05 % and 0.1 % KC:CA and 1 p M 2,4-D (alone) were again 

the best treatments in regard to somatic embryogenesis (Figure 7.15), callus, swelling, 

root hair and direct germination (Figure 7.16). A notable observation was the absence of 

direct germination for seeds initiated on KC1 and C A at both levels compared to some 

germination on K C (at 13 and 26 m M ) . Treatments that stimulated the highest number 

of SE also induced the highest direct germination of seed (0.05 % KC:CA, 1 p M 2,4-D 

and 0.1 % KC:CA) (Figure 7.16) i.e. seed either germinated or produced SE on these 

treatments. 

152 



Figure 7.15: Effect of antioxidants on S E when using "naked" seed of B. tetraphyllum. (Vertical bars 
represent the standard error of the means.) 

Figure 7.16: Effect of antioxidants on callus, swelling, root hair and direct germination of "naked" seed 
of B. tetraphyllum. (Vertical bars represent the standard error of the means.) 
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There was minimal browning of white coleoptile explants on all treatments with the 

exception of media supplemented with C A (with 53 % and 73 % remaining white for 

18.28 and 36.54 m M C A ) respectively (Figure 7.18). There were significant differences 

in SE with 0.05 % KC:CA producing the greatest number of SE followed by 1 p M 2,4-

D and 0.1 % KC.CA (Figure 7.17). These data confirm results of the previous 

experiment where it appears that the combination of KC:CA is the most effective 

treatment for somatic embryogenesis as the individual components were less effective 

in stimulating SE, even though they reduced browning. 
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Figure 7.17: Effect of various antioxidant treatments on the number of S E using white coleoptiles (5-7 d) 
of B. tetraphyllum. (Vertical bars represent the standard'error of the means.) 
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Figure 7.18: Effect of various antioxidants on reducing browning for excised white coleoptiles (5-7 d) of 
B. tetraphyllum. 
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7.5 Discussion 

Proliferation of secondary SE for B. tetraphyllum had been successfully achieved in 

previous experiments (Chapter 3). However, browning of explants and primary SE was 

routinely observed upon transfer to fresh media (due to injury). To address and resolve 

this browning phenomenon, studies were conducted to investigate whether the inclusion 

of an antioxidant in the media would reduce browning and hence improve somatic 

embryogenesis. 

Three concentrations of KC and CA (1, 5 and 10 mM) were investigated with some 

unexpected, yet significant results. It must also be noted that at this stage of the 

investigation, 2,4-D was still considered to be the best inducer of somatic 

embryogenesis for both families. It was not until later studies were completed that T D Z 

emerged as better suited for SE stimulation in the Cyperaceae (L. tenue and B. 

vaginalis). The inclusion of K C or C A (at any concentration) reduced SE production for 

B. tetraphyllum (Figure 7.4) but increased SE production for two of the remaining 

species, L. cinerea and L. tenue (Figures 7.6 and 7.9). In general, browning of explants 

was less severe on all treatments supplemented with K C or C A compared to the control 

or 1 p M 2,4-D. The best treatment for production of SE in L. cinerea (Figure 7.6) and L. 

tenue (Figure 7.9) was 1/2 M S + 1 p M 2,4-D + 1 m M CA. In addition, callus 

production was greatest on 1 m M K C + 1 p M 2,4-D for L. cinerea (Figure 7.7). There 

were no SE for B. vaginalis on any treatment and, in contrast to the other species 

investigated, there was no difference in the level of browning between explants except 

for those initiated on 1/2 M S + 10 m M C A + 1 p M 2,4-D which completely browned 

within the first week. 
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K C : C A at 0.1 % w/v (4:1 ratio) had proven highly successful in previous work on 

Symonanthus bancroftii (Panaia et al, 2000) in reducing browning and was therefore 

investigated. Potassium was included in the treatment combination because it is 

assumed not to have any adverse effects on cells and is involved in numerous cellular 

functions such as the regulation of transpiration rates for plants (Raven and Johnson, 

1992). Potassium also plays a major role in photosynthesis, chlorophyll development 

and water content in leaves (Salisbury and Ross, 1992) and is also implicated in the 

regulation of embryogenesis (Shetty and McKersie, 1993). 

Phenolic interactions generally express as discolouration or browning of the explant and 

can ultimately lead to the death of the explant material (Taji and Williams, 1996). The 

oxidation of phenolic compounds tends to be most severe after excision from the parent 

plant and this was evident for all species investigated in this study. Quite extraordinary 

results were achieved with a ~ 127-fold increase in SE compared to only a ~25-fold 

increase (without 0.1 % K C . C A ) in 9 weeks for B. tetraphyllum (Figure 7.12). The 

significant increase in S E production strongly indicated that the K C : C A combination 

was playing a bigger, as yet undefined role. It is unlikely that the results were purely 

due to a nutritional function of the potassium, but is possibly due to a combination of 

factors. It is known that potassium is involved with HVATPase linked proton pumping 

(Briskin and Hanson, 1992) and is therefore indirectly associated with solute transport 

and metabolite allocation. A n increase in potassium may change the electrochemical 

potential gradient across the membranes of the cells that in turn influence metabolic 

allocation towards embryogenesis. The amount of added potassium (above that already 

present in 1/2 M S , -9.4 m M K ) was calculated to be 4.89 m M K and this is a significant 

increase of-52 % which is likely to have had an impact on the functioning of the cells 

and possibly somatic embryogenesis. 
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Secondly, proteins found in cells have a high affinity for potassium and as such, they 

compete with the oxidative enzymes for the proteins. W h e n potassium binds to the 

proteins (behaving as a cofactor), the change in configuration activates their enzymatic 

activities (George, 1996). O n the other hand, when phenols bind to proteins, they cause 

a loss of enzyme activity, which leads to the death of the cells. 

In addition, CA (which is widely used as an antioxidant) can reduce phenolic damage 

by bonding with free radicals that are produced when the cells are damaged. The p H of 

the antioxidant media ranged between 5.96 to 6.23 and was not optimal for the 

oxidative enzyme (phenolase) to become active (optimal p H 6.5). Enzymes, which are 

normally latent come into contact with substrates (generally tyrosine or o-

hydroxyphenols) when the cells have been damaged, causing the oxidation process to 

begin. However, if the p H is not optimal the activity of the enzymes is reduced and the 

ensuing discolouration is also reduced (Swain et al, 1977). Lastly, the citrate 

component may behave as a chelating agent binding up metal ions required by 

phenolase to begin the oxidation process and thereby reduce browning (George, 1996). 

It was anticipated that the inclusion of an antioxidant such as KC or CA would reduce 

phenolic induced injury, but is was also considered that the inclusion of potassium 

would be of benefit to the tissues. However, from our results (and experimental design), 

it was difficult to distinguish which components had been of benefit because all three 

levels of K C and all three levels of C A significantly increased S E numbers and 

potassium was not separately included in the first experiments. To address this issue, 

further extensive investigations were undertaken to look at the individual components 

of the K C : C A treatment. The experimental design was revised to investigate potassium, 

tri-potassium citrate and citric acid separately (in the same proportions as that found in 

0.05 % and 0.1 % KC:CA) as well as in combination with each other. 
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From previous experiments, it was known that primary S E were significantly better at 

stimulating secondary SE than any other tissue. However, no primary SE were available 

and consequently "naked" seed, green and white coleoptiles were utilised as the explant 

source for B. tetraphyllum. For all three tissue types investigated, there was a significant 

increase in SE production for 0.05 % and 0.1 % K C : C A supplemented media compared 

to the individual components (Figure 7.13, Figure 7.15 and Figure 7.17). The use of C A 

at both levels did not suppress browning (Figure 7.14) of green coleoptiles as efficiently 

as the remaining treatments and may be due to the older plant material having more 

phenolic compounds within their tissues than the younger coleoptiles. The inclusion of 

potassium (in the form of KC1 at 39 and 78 m M ) suppressed SE production (Figure 

7.17) compared to the combined K C : C A and 2,4-D alone, although it did reduce 

browning for white coleoptiles (Figure 7.18). W h e n "naked" seed of B. tetraphyllum 

were initiated on the antioxidant treatments, a number of seeds germinated on 0.05 % 

and 0.1 % KC:CA, both levels of K C and 1 p M 2,4-D alone (Figure 7.16). Interestingly, 

the treatments including potassium or C A alone suppressed germination. It was 

envisaged that the potassium treatments would effectively stimulate SE due to the 

reasons described earlier but this was not the case. Citric acid alone significantly 

reduced SE production and similarly K C without the additional C A , also reduced SE. 

Response of different tissue types was significantly different with primary SE (Figure 

7.4) producing 10-fold more SE than other tissue sources on 1 p M 2,4-D alone and it is 

recommended that primary SE be used as the explant source in future experiments. 

Although not as spectacular as the previous study, an observable trend emerged 

supporting the hypothesis that the combination of either 0.05 % or 0.1 % K C : C A was 

the key to the previous success having some type of synergistic effect. However, the 

exact mechanisms involved and the key reasons for why this combination is so effective 

remain unknown. 
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7.6 Conclusion 

The inclusion of an antioxidant in the media significantly improved somatic 

embryogenesis for three of the four species investigated. The combination of 0.1 % 

KC:CA was the best treatment for B. tetraphyllum when using primary SE, producing 

over 11,000 SE in 9 weeks from 0.36 g of original plant material. The inclusion of 1 

m M C A in combination with 1 p M 2,4-D for L. cinerea and L. tenue reduced browning 

of explants and significantly increased somatic embryogenesis. 
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Chapter 8 Response of a Range of Southern Rushes (Restionaceae) 

and Sedges (Cyperaceae) to Brassinosteroids in 

Combination with 2,4-D and their Effects on Shoot 

Elongation and Somatic Embryo Production 

8.1 Abstract 

T w o brassinosteroids, epi-brassinolide (EP) and 22(S),23(S)-homo-brassinolide 

(HB) were investigated alone and in combination with 2,4-D for 4 species (Baloskion 

tetraphyllum, Loxocarya cinerea, Lepidosperma tenue and Mesomelaena tetragona) to 

determine their effects on somatic embryogenesis. GA3 at 1 p M was included in several 

treatment combinations to elucidate whether E P and H B displayed GA-like qualities in 

regard to shoot elongation. The inclusion of 1 p M EP with 2,4-D significantly reduced 

SE and root hair for B. tetraphyllum and L. cinerea, but, increased callus production. E P 

did not stimulate shoot elongation compared to the control or G A 3 appearing to reduce 

shoot length. 

Secondary somatic embryogenesis was successfully achieved for L. cinerea 

using calli initiated on 3 treatments (1 p M EP + 1 p M 2,4-D, 1 p M 2,4-D and 1 p M H B 

+ 1 p M 2,4-D) after transfer to 1/2 M S PGR-free medium. All SE successfully 

converted into plantlets and were transferred to soil. 

Investigation of L. tenue and M. tetragona (Cyperaceae) utilising 

brassinosteroids demonstrated no significant difference in shoot length for GA 3 , 2,4-D 

or E P treated explants (in contrast to B. tetraphyllum and L. cinerea where the inclusion 

of E P significantly reduced shoot length). There were no S E produced and callus was 

greatest on the combined treatments of E P with 2,4-D. 
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8.2 Introduction 

Brassinosteroids (BR) are recognised as a "new" class of plant growth substances 

(Sasse, 1991) and are thought to be involved in many physiological functions in plants 

(Arteca, 1996). They are known to promote shoot elongation and can stimulate 

hypocotyl elongation by increasing wall relaxation without an associated change in wall 

mechanical properties in pakchoi (Wang et al, 1993). Brassinosteroids are powerful 

inhibitors of root growth and development (Arteca, 1996) but little is understood about 

the mechanisms involved. It has been proposed that B R act as antagonists of I A A 

possibly due to BR-induced ethylene production (Roddick and Guan, 1991) thereby 

inhibiting root initiation. 

The brassinosteroids have been referred to as the "anti-stress hormones" because they 

have been shown to be beneficial in relation to salinity in rice (Takeuchi, 1992), for 

thermal stress (Wilen et al, 1995) and for certain diseases (Vasyukova et al, 1994). 

W h e n cells are subjected to stress (such as oxidative stress, osmotic stress or hypoxia) 

they are activated into expressing "proteins of stress" which act to protect the cells 

(Arteca, 1996). A similar "protective" response can be induced during embryogenic 

development that includes cell division and differentiation. As such, it may be possible 

that B R could stimulate cell division when they are treated with a hormone induced 

stress such as the exogenous application of 2,4-D. Nieves et al, (2002) demonstrated 

that the inclusion of a B R (MH-5 at 0.01 m g L"1) increased S E in sugarcane and the 

changes were associated with a variation in soluble proteins and free proline levels. 

The aim of the investigation reported in this chapter was to determine whether the 

inclusion of B R in association with 2,4-D would increase the production of callus and 

furthermore whether the callus could be used for the stimulation of secondary somatic 

embryogenesis for a number of species in the Restionaceae and Cyperaceae. 
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8.3 Materials and Methods 

8.3.1 Study Species 

Representative species from the Restionaceae and Cyperaceae (Table 8.1) were selected 

for the investigation of several BR in combination with 2,4-D for the stimulation of 

embryonic callus and their effects on shoot elongation. Explant preparation, BM, 

culture conditions, observations recorded and statistical analyses are described in 

Chapter 2. 

Table 8.1: Restionaceae and Cyperaceae species investigated for the use of brassinosteroids in 
combination with 2,4-D for the stimulation of embryonic callus and/or direct somatic embryogenesis. 

Family/Species Explant Source 

Restionaceae 
White coleoptiles 

Baloskion tetraphyllum (5-7 d) 

Loxocarya cinerea Leaf basal portions 

Cyperaceae 

Lepidosperma tenue Leaf basal portions 

Mesomelaena tetragona Zygotic embryos 

8.3.2 Investigation ofEP and GA3 in combination with 2,4-D for the Stimulation of 

Somatic Embryogenesis and Effects on Shoot Elongation 

B. tetraphyllum coleoptiles (5-7 d) were generated and cultured on 1/2 MS with the 

following PGRs (Table 8.2) to determine whether the inclusion of EP would increase 

somatic embryogenesis and callus production. 
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Table 8.2: Treatment combinations of 2,4-D, EP and G A 3 evaluated for the stimulation of somatic 

embryogenesis in B. tetraphyllum. 

2,4-D 
(uM) 

0 
1 
1 
0 
0 
1 

EP 
(UM) 

0 
0 
1 
1 
0 
0 

GA3 
(UM) 

0 
0 
0 
0 
1 
1 

Leaf basal portions (4-5 m m ) of I. cinerea were initiated on B M supplemented with the 

following concentrations of EP and 2,4-D for the stimulation of SE (Table 8.3). As there 

was limited plant material GA3 was excluded at this time. 

Table 8.3 Treatment combinations of EP and 2,4-D evaluated for the stimulation of somatic 
embryogenesis and effects on shoot elongation for L. cinerea. 

2,4-D 
(UM) 

0 
0 
1 
1 

EP 
(UM) 

0 
0.1 
0.1 
0 

At a later date (when plant material became available) a subsequent experiment was 

undertaken to include a higher concentration of EP, 22(S),23(S)-homo-brassinolide 

(HB) and G A 3 (Table 8.4) for L. cinerea. 

Table 8.4: Treatment combinations of 2,4-D, brassinosteroids (EP and H B ) and G A 3 evaluated using leaf 
basal portions of I. cinerea to stimulate embryonic callus. 

2,4-D 
(uM) 

0 
0 
1 
1 
0 
1 
0 
1 

EP 
(UM) 

0 
1 
1 
0 
0 
0 
0 
0 

HB 
(uM) 

0 
0 
0 
0 
0 
0 
1 
1 

GA3 
(uM) 

0 
0 
0 
0 
1 
1 
0 
0 
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Calli produced from 3 treatments above (1 p M EP + 1 p M 2,4-D, 1 p M 2,4-D and 1 p M 

H B + 1 p M 2,4-D) were sub-cultured onto 1/2 M S PGR-free medium to determine 

whether secondary somatic embryogenesis or conversion into plantlets would occur. 

L. tenue leaf basal portions (4-5 mm) were initiated on the following treatment 

combinations (Table 8.5) to determine their influence on somatic embryogenesis and 

shoot length. GA3 was included in the treatment design to elucidate whether there was a 

difference in the response of explants in regard to shoot elongation compared to EP. 

Table 8.5: Treatment combinations of 2,4-D1 with EP evaluated for the stimulation of somatic 
embryogenesis and shoot elongation of I. tenue. 

2,4-D 
(UM) 

0 
0 
l 
l 
0 
l 
0 
l 

EP 
(liM) 

0 
O.l 
O.l 
0 
l 
l 
0 
0 

GA3 
(uM) 

0 
0 
0 
0 
0 
0 
l 
l 

M. tetragona seed were prepared and zygotic embryos excised as described in Chapter 

2. Zygotic embryos were cultured onto B M with the following PGRs (Table 8.6). Seed 

numbers were limited and as such, G A 3 was not included in the treatment combinations. 

Table 8.6: Treatment combinations of 2,4-D with EP evaluated for the stimulation of somatic 
embryogenesis and shoot elongation f o r M tetragona using excised zygotic embryos. 

2,4-D 
(uM) 

0 
0 
l 
l 
0 
l 

EP 
(uM) 

0 
O.l 
O.l 
0 
l 
l 
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8.4 Results 

8.4.1 Effect ofEP and GA3 in combination with 2,4-D on Shoot Length, Callus and 

SE Production 

SE production was greatest on 1/2 M S + 1 p M 2,4-D for B. tetraphyllum (Figure 8.1) 

with -14.8 SE.explanf1. The inclusion of 1 p M EP with 2,4-D significantly reduced SE 

to -1.46 SE.explanf1 (P<0.05), but increased callus production. G A 3 significantly 

increased shoot length compared to the control, E P and 2,4-D (Figure 8.2). 

18 
16 

14 
I 12 
Q. 

i2 10 

! 8 
c 
CO c 

m 6 

• Somatic Brforyos 

O Callus 

£\ 
1/2 MS 1 uM 2,4-D 1|JM2,4-D 1 p M B 3 1 uMGA 1 p M G A + 

+ 1(jMff> 1pM2,4-D 

Figure 8.1: Effect of EP and G A 3 in combination with 2,4-D on number of SE and callus from white 
coleoptiles of B. tetraphyllum. (Vertical bars represent the standard error of the means.) 

1 MM 2,4-D 1 pM 2,4-D 1 u M B 3 

+ 1K1MB3 
TjJMGA 1 M M G A + 

1 MM 2,4-D 

Figure 8.2: Effect of EP and G A 3 in combination with 2,4-D on shoot length for B. tetraphyllum 
(Vertical bars represent the standard error of the means.) 
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For L. cinerea, there was no significant difference in SE production between 0.1 p M 

EP, 1 p M EP or 1 p M 2,4-D (Figure 8.3). Callus production was minimal on 0.1 p M EP 

alone, but increased when combined with 1 p M 2,4-D (Figure 8.3). Root hair was 

reduced for EP treatments. Inclusion of EP or H B reduced shoot length for L. cinerea 

(Figure 8.4) compared to the control (1/2 M S ) . G A 3 (1 p M ) produced significantly 

(P<0.05) longer shoots than other treatments (except the control). 

• Somatic Embryos 
D Callus 

$ <5 5 H 
5 (3 CM 1. ™ w 
_ ^ 4 = "*"" -I ^ 

Figure 8.3: Effect of EP, G A 3 and H B in combination with 2,4-D on the number of SE and callus using 
leaf basal portions of I. cinerea. (Vertical bars represent the standard error of the means.) 

3.5 

3 

I Root Hair 
I Shoot Length (mm) 

Figure 8.4: Effect of EP, G A 3 and H B in combination with 2,4-D on root hair and shoot elongation for 

L. cinerea. (Vertical bars represent the standard error of the means.) 
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8.4.2 Secondary Somatic Embryogenesis and Development of Plantlets from 

L. cinerea Callus 

Calli initiated previously for L. cinerea (from 3 treatments only) were sub-cultured onto 

1/2 M S PGR-free medium to determine whether secondary somatic embryogenesis or 

conversion into plantlets would occur. A number of plantlets developed within the first 

week and significantly more by the end of the experimental period (Figure 8.5). It is 

proposed that an intermediate embryogenic stage occurred rapidly and by the time one 

week had passed and observations were recorded, plantlets had already developed. For 

1 p M 2,4-D 50 plantlets developed from 45 pieces of calli (i.e. there were no 

distinguishable SE evident in the calli) resulting in the 111 % conversion frequency 

(Figure 8.5). 

1 MM EP+1 M M 2,4-D 1 M M 2,4-D 1 M M HB + 1 M M 2,4-D 

SE Initiation Media 

Figure 8.5: Conversion frequency of calli into plantlets once transferred to 1/2 M S PGR-free medium for 
L. cinerea. 

There were no SE produced for L. tenue on any treatment and no significant difference 

in shoot length between the controls, 0.1 or 1 p M EP (i^O.05), or in shoot length for 

0.1 p M EP, 1 p M EP or 1 p M GA3. The inclusion of 2,4-D with EP or G A 3 

significantly reduced shoot length (Figure 8.6).|Callus production was greatest on 1 p M 

E P + l p M 2,4-D (Figure 8.7). * * 
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Figure 8.6: Effect of EP and G A 3 in combination with 2,4-D on shoot length for L. tenue. (Vertical bars 

represent the standard error of the means.) 
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Figure 8.7: Effect of E P and 2,4-D on callus production for L. tenue using leaf basal portions as the 

explant source. (Vertical bars represent the standard error of the means.) 
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For M. tetragona, there were no SE produced on any treatment. The inclusion of 0.1 

pM EP or 1 pM EP significantly increased callus production when combined with 1 pM 

2,4-D (PO.001). There was no difference in the amount of root hair (P>0.05) and EP 

did not increase shoot length compared to the controls (Figure 8.8). 
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Figure 8.8: Effect of EP in combination with 2,4-D on shoot length, root hair and callus when using 
excised zygotic embryos of M. tetragona. (Vertical bars represent the standard error of the means.) 
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8.5 Discussion 

This study investigated the effects of B R on shoot elongation, callus production and 

somatic embryogenesis for several species of Restionaceae and Cyperaceae. EP at 1 p M 

was supplemented into basal medium alone and in combination with 1 p M 2,4-D. G A 3 

at 1 p M was also included in the treatment combinations to elucidate whether EP had 

GA-like qualities in regard to shoot elongation. SE were successfully initiated on 1/2 

M S + 1 p M 2,4-D (-14.8 SE.explanf1) for B. tetraphyllum, however, the inclusion of 1 

p M EP in the media significantly reduced SE to -1.46 SE.explanf1 (Figure 8.1). These 

results are contrary to those demonstrated for sugarcane (Nieves et al, 2002) where 

inclusion of a similar brassinosteriod (MH-5) significantly increased SE production. 

Inclusion of 1 p M E P did, however, increase callus production and provides evidence 

that E P promoted cell division. Shoot elongation was significantly reduced for explants 

treated with E P compared to the GA3-treated explants (Figure 8.2) and was in 

agreement with other studies that have reported little or no shoot elongation for B R 

treated explants when they are maintained in the dark (Arteca, 1996) (which was the 

case in this study). 

Results for L. cinerea were in agreement with B. tetraphyllum (above) with neither EP 

nor H B stimulating shoot elongation (Figure 8.4). These data demonstrated that 

inclusion of EP or H B significantly reduced shoot length compared to the controls. 

GA 3, on the other hand, stimulated shoot elongation producing longer shoots than all 

other treatments. These data do not support the view that B R have GA-like influences 

(Catterou et al, 2001; Clouse et al, 1993). However, these studies were undertaken in 

darkness and other research has demonstrated that B R have little or no effect on shoot 

elongation in the dark (Kamuro and Inada, 1991). It has been suggested that the 

influence on shoot elongation is due to B R overcoming the inhibitory effects of light 

(Cutler ef al, 1991; Mandava, 1988). 
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Root hair was marginally reduced for E P treatments in agreement with studies that have 

demonstrated B R to have an inhibitory effect on root initiation, growth and 

development (Arteca, 1996; Roddick and Guan, 1991). Callus production was minimal 

on 0.1 p M EP alone, but significantly increased when combined with 1 p M 2,4-D 

compared to 2,4-D alone demonstrating an increase in cell division. There was no 

difference in SE production for E P or 2,4-D (Figure 8.3). Callus initiated on 3 

treatments (1 p M EP + 1 p M 2,4-D, 1 p M 2,4-D and 1 p M H B + 1 p M 2,4-D) were 

subsequently sub-cultured onto 1/2 M S PGR-free medium to determine whether 

secondary somatic embryogenesis would occur. It was envisaged the callus would 

continue to proliferate or be induced into producing secondary SE. By the end of the 

first week, there were some unexpected results with a significant number of plantlets 

already having developed shoots and roots from the excised callus. It is proposed that 

secondary somatic embryogenesis occurred rapidly within the first week and 

development of plantlets also occurred within the first week. The final conversion 

frequency of SE into plantlets for the above treatments were 75, 111 and 97 % 

respectively (Figure 8.5). For 1 p M 2,4-D there were 45 pieces of calli sub-cultured 

onto new media with 50 plantlets developing. 

For L. tenue, there were no SE for any treatment including 2,4-D. There was no 

significant difference in shoot length between the controls, E P or G A 3 treated explants 

(Figure 8.6). However, cultures were maintained in the dark and this may have 

influenced the stimulatory effects of E P (Arteca, 1996). The shoots that developed on 

G A 3 were significantly longer than the control shoots. The inclusion of 2,4-D with EP 

or GA3 significantly reduced shoot length (Figure 8.6) and callus was restricted to 

treatments with EP and 1 p M 2,4-D (Figure 8.7). Investigations into the effects of EP 

and GA3 on shoot elongation of L. tenue demonstrated contradictory results to the above 

two species. GA3 produced the longest shoots (as expected), but these were not 

significantly different to the controls or treatments supplemented with 0.1 or 1 p M EP. 

172 



These data demonstrated there was no clear increase in shoot elongation for any of the 

treatments, whereas for B. tetraphyllum and L. cinerea the inclusion of E P reduced 

shoot length compared to the controls and were significantly shorter than those on GA3. 

There was a marginal reduction in root hair production for treatments supplemented 

with either E P or H B as has been previously demonstrated (Arteca, 1996; Roddick and 

Guan, 1991). Callus was greatest on treatments supplemented with both levels of EP 

and 2,4-D and supports the view that B R stimulates cell division. 

For M. tetragona there were no SE produced for any treatment, however, the inclusion 

of E P significantly increased callus production when combined with 1 p M 2,4-D 

(Figure 8.8) in agreement with the previous three species. E P did not increase shoot 

elongation, however, as G A 3 was not included in this experiment and explants were 

maintained in the dark, further research is necessary before definitive statements can be 

made in regard to the role of E P in the process of somatic embryogenesis and plant 

development. 

8.6 Conclusion 

A s there was large variability in results, between species and families, further research 

is necessary. There was, however, positive evidence that B R stimulated cell division 

and subsequent embryogenic callus that successfully converted into plantlets for L. 

cinerea. It is possible this is due to an increase in storage reserves stimulated by BR. As 

this was not specifically investigated, further studies are needed to discover the exact 

mechanisms involved. In addition, a thorough investigation of working concentration 

ranges for both B R and G A is necessary for both the Restionaceae and Cyperaceae. 
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Chapter 9 Response of Southern Rushes (Restionaceae) and Sedges 

(Cyperaceae) to Carbohydrate Sources and Environmental 

Variables for the Stimulation of Somatic Embryogenesis 

9.1 Abstract 

Investigation of two carbohydrate sources (sucrose and maltose) for Baloskion 

tetraphyllum, demonstrated no significant difference in SE between sucrose alone or 

when combined with maltose. For the remaining three species (Loxocarya cinerea, 

Lepidosperma tenue and Baumea vaginalis) 20 g L"1 sucrose produced the greatest 

number of SE. The trend for all four species, was that maltose was detrimental to 

somatic embryogenesis when used as the primary carbohydrate source. 

Effects of media p H on somatic embryogenesis demonstrated little variation in 

the production of SE for two of the three species investigated (B. tetraphyllum and L. 

cinerea). However, for B. vaginalis there was a significant difference with p H 6.0 

producing -10-fold more SE than the next best treatment (pH 5.5). These data support 

the view that somatic embryogenesis is species specific in terms of media pH. 

Dark incubation resulted in a 1.5-fold increase in SE for B. tetraphyllum (1/2 

M S + 1 p M 2,4-D) and a significant -16-fold increase for B. vaginalis (1/2 M S + 1 p M 

TDZ ) compared to incubation in the light. 

174 



9.2 Introduction 

The success (or otherwise) of somatic embryogenesis is dependent on many factors 

much like those that influence the successful initiation of explants into in vitro cultures. 

Many protocols utilise M S as the basal medium and include various PGRs, vitamins, 

amino acids, gelling agents and an energy source to initiate cultures from explants. 

Equally important are the environmental conditions such as temperature, p H of the 

media and photoperiod for the successful production of SE. 

One of the most commonly used carbohydrate sources for micro-propagation is sucrose 

because it is readily available and is the main form of transport within plants (George, 

1996). However, many other sugars exist such as maltose, fructose and glucose which 

have been shown to be equally or more effective in stimulating somatic embryogenesis 

in a range of species (Fuentes et al, 2000; Senaratna, 1992). 

Media pH affects the availability of nutrients and subsequent uptake by the explant. 

Highly acidic media (pH 2-3) is likely to cause increased solubility of elements and may 

cause hydrogen, aluminium and manganese toxicity. Acidic media can also promote 

molybdenum, calcium, magnesium and phosphorus deficiencies as these elements 

become unavailable to the tissue. Alkalinity can also cause deficiencies of phosphorus, 

manganese, copper, iron and zinc as well as promote boron and molybdenum toxicity 

(Taiz and Zeiger, 1991). 

Somatic embryogenesis is primarily regulated by PGRs, but is also influenced by other 

factors such as light. Light provides a physical stimulus and has been shown to have 

both promotive and inhibiting effects on SE depending on the species investigated. 
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In peanut (Arachis hypogaea L.) morphogenic callus continued to grow in dark and 

retained its embryogenic potential (Gill and Ozias-Akins, 1999); in banana (Musa sp) 

initiation and multiplication of embryogenic callus was dark-stimulated (Trujillo and 

Eva-de, 1999) and pro-embryo masses of mimosa (Albizia julibrissin Durazz) 

successfully proliferated in liquid culture in the dark (Burns and Wetzstein, 1998). In 

contrast, high light intensity (90 - 100 p M m"2 s"1 P PFD) was essential for production of 

SE in Araujia sericifera petals (Torne et al, 1997). There is evidence indicating light is 

able to modify the endogenous levels of P G R s and/or alter the sensitivity of cells to 

such PGRs (Starling et al, 1984; Tudor, 1992) thus influencing the success or failure of 

somatic embryogenesis. 

The hypotheses investigated in this study were as follows: 

1. Effective stimulation of S E is dependent upon the quality and quantity of the 

carbohydrate source utilised in the culture medium. It is hypothesised that the 

inclusion of sucrose will effectively stimulate S E because it is the most common 

form of sugar found in plants. 

2. There is an optimal p H for the stimulation of somatic embryogenesis for each 

species and it is hypothesised that changes in media p H will effect the production of 

SE. 

3. It is hypothesised that photoperiod has an effect on the efficiency of somatic 

embryogenesis. 

Investigation of MS and GB5 basal media has been discussed in previous chapters 

(Chapters 3 and 5). 
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9.3 Materials and Methods 

9.3.1 Study Species 

Representative species (Table 9.1) from the Restionaceae and Cyperaceae were selected 

to investigate various factors such as carbohydrate source, media p H and the effects of 

light and dark incubation on somatic embryogenesis. A different SE inducing P G R was 

utilised for the different families based on previous results (this study) that showed 

2,4-D to be the preferred P G R for Restionaceae and T D Z for Cyperaceae. Explant 

preparation, B M , culture conditions, observations recorded and statistical analyses are 

described in Chapter 2. 

Table 9.1: Restionaceae and Cyperaceae species studied for investigation of two carbohydrate sources, 
media p H and light versus dark incubation for the stimulation of somatic embryogenesis. 

Family Species N a m e 

Restionaceae Baloskion tetraphyllum 

Restionaceae Loxocarya cinerea 

Cyperaceae Lepidosperma tenue 

Cyperaceae Baumea vaginalis 

9.3.2 Influence of two Carbohydrate Sources (Sucrose and Maltose) and their Effects 

on Somatic Embryogenesis for B. tetraphyllum, L. cinerea (Restionaceae) and 

L. tenue, B. vaginalis (Cyperaceae) 

B. tetraphyllum coleoptiles (5-7 d) and leaf basal portions (4-5 m m ) of I. cinerea were 

initiated on medium containing either sucrose or maltose as detailed below (Table 9.2). 
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Table 9.2: Treatment combinations of B M supplemented with 2,4-D, sucrose and maltose for the 
promotion of somatic embryogenesis from coleoptile sections of B. tetraphyllum and leaf basal portions 
of I. cinerea. 

Induction Media 

1/2 M S + 1 u M 2,4-D (no sugar) 
20 g L"1 sucrose + 1 u M 2,4-D 
40 g L'1 sucrose + 1 u M 2,4-D 
20 g L"1 maltose + 1 u M 2,4-D 
40 g L"1 maltose + 1 u M 2,4-D 
10 g L"1 sucrose + 10 g L"1 maltose + 1 u M 2,4-D 
20 g L'1 sucrose + 20 g L"1 maltose + 1 u M 2,4-D 

Leaf basal portions (4-5 m m ) of L. tenue and B. vaginalis were excised and initiated on 

media supplemented with two different carbohydrate sources and T D Z as detailed 

below (Table 9.3). 

Table 9.3: Combinations of B M supplemented with TDZ, sucrose and maltose for the promotion of 
somatic embryogenesis from leaf basal portions of I. tenue and B. vaginalis. 

Induction Media 

1/2 M S + 1 u M 2,4-D (no sugar) 
20 g L"1 sucrose + 1 u M TDZ 
40 g L"1 sucrose + 1 u M TDZ 
20 g L"1 maltose + 1 u M TDZ 
40 g L"1 maltose + 1 u M TDZ 
10 g L'1 sucrose + 10 g L"1 maltose + 1 u M TDZ 
20 g L"1 sucrose + 20 g L"1 maltose + 1 u M TDZ 

9.3.3 Effect of Media pH on Somatic Embryogenesis for B. tetraphyllum, L. 

cinerea, L. tenue and B. vaginalis 

B. tetraphyllum coleoptiles (~ 2 mm) and leaf basal portions (4-5 mm) of L. cinerea 

were aseptically excised and cultured on B M + 1 p M 2,4-D at four different p H levels, 

namely, 5.0, 5.5, 6.0 and 6.5. Leaf basal portions of L. tenue and B. vaginalis were 

excised and initiated on B M + 1 p M T D Z at four different p H levels as above. 
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9.3.4 Incubation in Light versus Dark for the Promotion of Secondary SE in 

B. tetraphyllum and Primary SE in B. vaginalis 

Primary SE of B. tetraphyllum were "individually" isolated and cultured on 1/2 M S or 

1/2 M S + 1 p M 2,4-D. Three replicates of each treatment were maintained in 16 h light 

(-30 p M m"2 s"1 PPFD) and 8 h dark and 3 replicates were maintained in the dark at 22-

25° C. Observations were made weekly, with the number of secondary SE recorded for 

6 weeks. SE from this experiment were subsequently sub-cultured onto 1/2 M S or 1/2 

M S + 1 p M K n for conversion into plantlets. Half of the replications were maintained in 

the dark and half in the light to determine the effect of light on the conversion of SE 

into plantlets. 

Leaf basal portions (4-5 mm) of B. vaginalis were excised and initiated on 1/2 MS or 

1/2 M S + 1 p M TDZ. Three replicates of each treatment were maintained in light and 3 

replicates in the dark as described above. The number of primary SE were recorded 

weekly for 6 weeks. 
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9.4 Results 

9.4.1 Effect of Two Carbohydrate Sources (Sucrose and Maltose) on Somatic 

Embryogenesis for B. tetraphyllum andh. cinerea (Restionaceae) 

For B. tetraphyllum, there was no significant difference in S E between 20 g L"1 sucrose, 

40 g L'1 sucrose, 10 g L"1 sucrose + 10 g L"1 maltose and 20 g L"1 sucrose + 20 g L"1 

maltose (Figure 9.1). Maltose alone significantly reduced SE, whereas sucrose alone, or 

in combination with maltose was significantly better than maltose (P<0.05). In addition, 

maltose alone at either 20 or 40 g L"1 suppressed callus and root hair production (Figure 

9.2). 

Figure 9.1: Carbohydrate sources (sucrose and maltose) and their effects on S E for B. tetraphyllum when 
using white coleoptiles as the explant source. (Vertical bars represent the standard error of the means.) 
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Figure 9.2: Effects of two carbohydrate sources on callus and root hair production for B. tetraphyllum 
when using white coleoptiles as the explant source. (Vertical bars represent the standard error of the 
means.) 

For L. cinerea, leaf basal portions cultured on 1/2 M S + 1 p M 2,4-D with various 

concentrations of sucrose and maltose indicated 20 g L"1 sucrose was the most suitable 

for the production of SE (Figure 9.3). Maltose reduced SE, callus and root hair (Figure 

9.4) as observed with B. tetraphyllum and did not appear to be a suitable carbon source 

for L. cinerea. 
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Figure 9.3: Effect of sucrose and maltose on S E from leaf basal portions of I. cinerea. All treatments 
consisted of 1/2 M S + 1 u M 2,4-D with the listed sugar. (Vertical bars represent the standard error of the 

means.) 
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Figure 9.4: Effect of two carbohydrate sources, sucrose and maltose, on callus and root hair production 
for L. cinerea. All treatments consisted of 1/2 MS + 1 uM 2,4-D with the listed sugar. (Vertical bars 
represent the standard error of the means.) 

9.4.2 Carbohydrate Sources (Sucrose and Maltose) and their Influence on Somatic 

Embryogenesis for L. tenue and B. vaginalis (Cyperaceae) 

For L. tenue, there was a significant difference (PO.05) in SE for 20 g L"1 sucrose 

supplemented with 1 pM 2,4-D compared to other treatments (Figure 9.5). The higher 

concentrations of either sucrose or maltose were not as effective in elucidating a SE 

response. The second best treatment was a combination of 10 g L"1 each of sucrose and 

maltose (Figure 9.5). 

Figure 9.5: Effect of two carbohydrate sources on SE for L. tenue utilising leaf basal portions as the 
explant source. (Vertical bars represent the standard error of the means.) 
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For B. vaginalis, there was a significant difference in SE produced with 20 g L"1 being 

superior to all other treatments investigated (Figure 9.7). Maltose alone or combined 

with sucrose significantly reduced SE. Shoot development was stimulated on medium 

supplemented with sucrose at 20 or 40 g L"1 in the presence of TDZ. However, maltose 

alone or combined maltose and sucrose treatments suppressed shoot development 

(Figure 9.8). 
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Figure 9.7: N u m b e r of S E produced w h e n using either sucrose or maltose in combination with T D Z from 
leaf basal portions of B. vaginalis. (Vertical bars represent the standard error of the means.) 
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Figure 9.8: Comparison of swelling and shoot development when using sucrose and maltose in 
combination with T D Z from leaf basal portions of B. vaginalis. (Vertical bars represent the standard error 
of the means.) 

9.4.3 Influence of Media pH on Somatic Embryogenesis 

For B. tetraphyllum, there was no significant difference in SE for p H 5, p H 5.5 and p H 

6. However, these data demonstrated that as p H increased, SE decreased. At the highest 

p H 6.5, there was a significant reduction in somatic embryogenesis (Figure 9.9). There 

was no production of root hair for the highest and lowest p H investigated and callus 

production was similar for p H 5.5 and p H 6.0 (Figure 9.10). 

pH5.0 pH5.5 pH6.0 pH6.5 

Figure 9.9: S E produced for B. tetraphyllum on various p H levels for media supplemented with 1 u M 
2,4-D utilising white coleoptiles. (Vertical bars represent the standard error of the means.) 
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Figure 9.10: Effect of media p H on production of callus, root hair and shoots for B. tetraphyllum using 
white coleoptiles. (Vertical bars represent the standard error of the means.) 

For L. cinerea, there was no significant difference in S E for any p H variation (Figure 

9.11). In contrast to B. tetraphyllum, there was no significant difference in the amount 

of callus or root hair for this species (Figure 9.12). 
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Figure 9.11: Production of SE on media supplemented with 1 u M 2,4-D at various media p H for 
L. cinerea utilising leaf basal portions as the explant source. (Vertical bars represent the standard error of 

the means.) 
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pH5.0 pH5.5 pH6.0 pH6.5 

Figure 9.12: Production of callus and root hair on media supplemented with 1 u M 2,4-D at different p H 
levels for L. cinerea from leaf basal portions. (Vertical bars represent the standard error of the means.) 

For L. tenue, there was no response for this experiment as all treatments and all 

replications became contaminated within the first 1-2 days. The contamination 

phenomenon will be discussed in further detail in the general discussion. 

For B. vaginalis, the best pH for the stimulation of somatic embryogenesis was pH 6.0 

(Figure 9.13) producing ~10-fold more S E than the next best treatment (pH 5.5). There 

was no callus, shoot or root hair produj2tiqn,for,apy treatment. ? 

pH5.0 PH5.5 pH6.0 

Treatment 1 uMTDZ 

pH6.5 

Figure 9.13: Effects of media p H on production of S E for B. vaginalis using leaf basal portions as the 
explant source. (Vertical bars represent the standard error of the means.) 
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9.4.4 Light versus Dark Incubation for the Stimulation of Somatic Embryogenesis 

"Isolated" SE of B. tetraphyllum were used as the primary explants and cultured on 1/2 

M S or 1/2 M S + 1 p M 2,4-D. The results demonstrated that incubation in the dark was 

more effective, ~1.5-fold better (P<0.05) in stimulating secondary somatic 

embryogenesis than incubation in the light in the presence of 2,4-D (Figure 9.15). The 

number of SE at the end of Week 1 on 1/2 M S alone (both in the light and dark) also 

increased marginally. It was expected that these SE would either remain as they were or 

convert into plantlets. However, the increase in SE numbers may indicate a residual 

effect of the original 2,4-D used in the previous treatment media, the possibility of 

asynchronous production of SE, or secondary somatic embryogenesis having occurred. 

1/2 MS Light 1/2 MS + 1 uM 
2,4-D Light 

1/2 MS Dark 1/2MS+1uM 
2,4-D Dark 

Figure 9.14: Effect of light versus dark incubation on the number of secondary SE for B. tetraphyllum 
using primary S E as the explant source at 1 and 6 weeks after initiation. (Vertical bars represent the 

standard error of the means.) 
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Somatic embryos from the above experiment were subsequently sub-cultured onto 1/2 

M S or 1/2 M S + 1 p M K n for conversion into plantlets (in light and dark). The 

inclusion of K n in the media when SE were maintained in the light clearly demonstrated 

that K n was beneficial for the development of shoots and subsequent conversion into 

plantlets (Figure 9.15). Initial conversion rate was similar in light with and without K n 

on 1/2 M S (week 1). However, in the treatment without Kn, some plantlets died (~ 20 

% ) over the 6 week period. SE that were incubated in the dark with K n deteriorated and 

had zero conversion into plantlets compared to the controls in the dark with ~ 20 % of 

SE converting into plantlets (Figure 9.15). 

1uMKn 1/2MS 1 uMKn 1/2MS 
(Light) (Light) (Dark) (Dark) 

Figure 9.15: Effect of K n on the conversion of S E into plantlets when incubated in the light versus dark 
for B. tetraphyllum using primary SE. (Vertical bars represent the standard error of the means.) 

In agreement with the above experiment (Figure 9.14), the initiation of B. vaginalis SE 

was significantly better in the dark than in the light (Figure 9.16). There was a ~16-fold 

increase in SE for 1 p M T D Z incubated in the dark compared to the same treatment in 

the light (P<0.05). Almost 100 % of all SE produced successfully converted into 

plantlets (except for SE initiated on 5 p M T D Z with a small decrease in the number of 

plantlets generated). 
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Figure 9.16: Effect of light versus dark incubation on somatic embryogenesis for B. vaginalis using leaf 
basal portions as the explant source. (Vertical bars represent the standard error of the means.) 
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9.5 Discussion 

Carbohydrate sources (i.e. sugar types and concentrations) utilised in the culture media 

are components that can impact on the embryogenic competency of explants (Fuentes et 

al, 2000; Marsolais et al., 1991; Senaratna, 1992). Investigation of two carbohydrate 

sources (sucrose and maltose) demonstrated a c o m m o n trend for all four species in both 

the Restionaceae and Cyperaceae. In 3 of the 4 species studied, 20 g L"1 sucrose was the 

best treatment (Figure 9.3, Figure 9.5 and Figure 9.7) with B. tetraphyllum showing no 

significant difference between sucrose alone or when combined with maltose (Figure 

9.1). These results are in agreement with studies on peanut (Eapen and George, 1993) 

where sucrose was beneficial for the stimulation of SE. In addition, for L. cinerea, L. 

tenue and B. vaginalis there was a significant decrease in SE when sucrose was 

increased to 40 g L"1 and this has been previously demonstrated in studies on Medicago 

arborea L. (Martin et al, 2000) where an increase in sucrose inhibited SE. However, all 

four species exhibited the same trend with a significant decrease in somatic 

embryogenesis when maltose alone was utilised as the carbohydrate source. Maltose (at 

20 or 40 g L"1) suppressed callus and root hair production for B. tetraphyllum (Figure 

9.2), B. vaginalis (Figure 9.8), L. cinerea (Figure 9.4) and L. tenue (Figure 9.6). There 

remains a suite of sugars available that are yet to be investigated and other studies have 

indicated that SE success in relation to the carbohydrate source is largely dependent on 

genotype. Blanc et al (1999) found higher numbers of SE with maltose compared to 

sucrose for Hevea brasiliensis, Cunha and Ferreira (1999) reported that glucose and 

fructose (both monosaccharides) were significantly better than either sucrose or maltose 

for Linum usitatissumum L., Jain et al. (1997) reported that maltose was the preferential 

carbon source for Indica and Japonica rice varieties and Komai et al, (1996) reported 

fructose was preferred by Spinacia oleracea L. The scientific basis for the specificity of 

the carbohydrate source for each particular species has not been elucidated. However 

taken collectively, all the reports suggest the need to define the best carbohydrate 

source for each individual species. 
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Media p H is another component that affects somatic embryogenesis and is also thought 

to be genotype specific. In the study for B. tetraphyllum, there was no significant 

difference in S E numbers, however, the data indicated a decrease in SE production 

(Figure 9.9) and callus (Figure 9.10) with increasing pH. Fori, cinerea, there was also 

no significant difference in the number of SE (Figure 9.11), callus or root hair (Figure 

9.12). However, data for B. vaginalis clearly demonstrated a marked difference in 

response of the tissues to media p H with 6.0 being significantly better than all other 

treatments producing ~10-fold more S E than the next best treatment of p H 5.5 (Figure 

9.13). Mouracosta et al. (1993) reported that low p H 3-4 prevented differentiation of 

proembryogenic cell aggregates and subsequently decreased somatic embryogenesis, 

while p H 5 - 5.5 favoured formation of globular structures in Ocotea catharinesis. 

Photoperiod (light versus dark incubation) was investigated to determine which 

treatment would maximise SE production. In both species [B. tetraphyllum 

(Restionaceae) and B. vaginalis (Cyperaceae)], dark incubation produced significantly 

more S E than light incubation. There was a -1.5 fold increase in SE for B. tetraphyllum 

(Figure 9.14) and ~16-fold increase in SE for B. vaginalis (Figure 9.16) when explants 

were incubated in the dark. These results support several other studies whereby friable 

embryogenic calli was produced in the dark for Sorghum bicolor L. (Seetharama et al, 

2000), sweetpotato lpomoea batatas L. (Lam.) (Zheng et al, 1996), chickpea Cv C235 

(Kumar et al, 1994). In contrast, Degarcia et al. (1995) reported that light was required 

for somatic embryogenesis in Solanum tuberosum L. Cv Desiree and Rout et al. (1995) 

reported that calli must be initiated in the dark for 2 weeks and then moved to light for 

development of SE to continue. His findings demonstrated that embryogenesis did not 

occur with continuous incubation in either dark or light for Acacia catechu Willd. 
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Light verus dark incubation for conversion of S E into plantlets was also investigated. 

W h e n K n was included in the media and S E maintained in the light, there was almost 90 

% conversion of S E into plantlets. These data strongly suggest that K n was beneficial 

for the stimulation of shoot development and the successful conversion of S E into 

plantlets only when incubated in the light. In comparison, K n appeared to have 

deleterious effects on shoot development when S E were incubated in the dark as at the 

conclusion of this experiment, all SE cultured on 1/2 M S + 1 p M K n in the dark had 

died (Figure 9.15) without converting into plantlets and in contrast, there were ~ 22 % 

plantlets generated on 1/2 M S alone in the dark. 

9.6 Conclusion 

A media p H of 6.0 was beneficial for the stimulation of SE in B. tetraphyllum, L. 

cinerea and B. vaginalis. Sucrose at 20 g L"! was the best carbohydrate source for all 

three species investigated with maltose at any concentration significantly reducing the 

number of SE produced. Preliminary investigations into photoperiod (light versus dark 

incubation) clearly demonstrated that incubation in the dark was superior to incubation 

in the light for the stimulation of secondary somatic embryogenesis in B. tetraphyllum 

and primary somatic embryogenesis in B. vaginalis. 
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Chapter 10 General Discussion 

10.1 Introduction 

The effect of auxins and cytokinins for the stimulation of somatic embryogenesis has 

been extensively investigated for many agricultural, horticultural and economically 

important species. However, there has been little or no research undertaken on 

Australian native plant species, and in particular, members of the Restionaceae and 

Cyperaceae, both common, widespread and significant in land restoration with high 

potential for horticultural utilisation. This study is the first, to our knowledge, to 

undertake a detailed examination of the interactive effects of various factors including 

auxins, cytokinins, brassinosteroids, media nutrients and pH, environmental conditions 

and the effect of antioxidants on somatic embryogenesis for members of these two 

families. 

The results described in this study have demonstrated that somatic embryogenesis for 

several species of the Restionaceae and Cyperaceae is possible where micropropagation 

techniques have failed in the past or yielded low production and low plant recovery 

rates. One particularly significant finding was the variation in response of these two 

families to PGRs. It was demonstrated that members of the Restionaceae responded 

more favourably to auxins, and in particular 2,4-D, whereas members of the Cyperaceae 

responded to a range of cytokinins and T D Z for the stimulation of somatic 

embryogenesis. 

The key findings of this study are summarised below: 

1. Somatic embryogenesis was successfully achieved for three species of Restionaceae 

(B. tetraphyllum, L. cinerea and L. imberbis) using 2,4-D as the primary agent for 

the induction of SE. 

2. Proliferation of secondary somatic embryogenesis was achieved for B. tetraphyllum 

with a ~30-fold increase in 9 weeks when primary SE were sub-cultured onto fresh 

media (1/2 M S + 1 p M 2,4-D every 3 weeks). 

3. The inclusion of a cytokinin (Kn or B A ) in the follow-up media significantly 

increased the conversion of SE into plantlets for B. tetraphyllum and L. cinerea. 
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4. Efficiency of SE production is strongly related to the age of the explant material 

with excised zygotic embryos or primary SE representing the best explant source for 

stimulation of SE. 

5. Cytokinins (BA, Z and 2iP) as well as T D Z (having cytokinin-like activity) were 

significantly more efficient at elucidating an embryogenic response in L. tenue, 

L. squamatum, B. vaginalis and M. tetragona (Cyperaceae) compared to auxins and 

in contrast to the Restionaceae. 

6. Inclusion of 1 m M citric acid (CA) significantly reduced browning and increased SE 

production for two species, L. cinerea (Restionaceae) with a 3.5-fold increase in SE, 

and L. tenue (Cyperaceae) with a 6-fold increase in SE production compared to 

treatments without 1 m M CA. 

7. Phenolic induced browning of B. tetraphyllum explants was suppressed utilising a 

combination of tri-potassium citrate and citrate (KC:CA) (4:1) at 0.05 % or 0.1 % 

w/v. 

8. The inclusion of 0.1 % K C : C A significantly increased secondary somatic 

embryogenesis for B. tetraphyllum with a ~127-fold increase in S E numbers 

compared to treatments without K C : C A (with ~25-fold increase in SE numbers) 

over the same period. 

9. For Restionaceae, brassinosteroids (EP) decreased shoot length, but for Cyperaceae 

there was no significant difference in shoot length between controls, G A 3 or EP 

treated explants. B R appeared to stimulate cell division and consequently increased 

callus production for all species investigated. 

10. The trend for B. tetraphyllum, L. cinerea, L. tenue and B. vaginalis was that sucrose 

was the best carbohydrate source for the stimulation of SE compared to maltose. 

11. Media p H 6.0 produced 10-fold more SE than the next best treatment (pH 5.5) for 

B. vaginalis. 

12. Incubation in the dark resulted in a 1.5-fold increase in S E for B. tetraphyllum and a 

significant 16-fold increase in SE for B. vaginalis compared to incubation in the 

light. 
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10.2 Differential Response of Restionaceae and Cyperaceae to P G R s for the 

Stimulation of Somatic Embryogenesis 

The Restionaceae and Cyperaceae display many phenotypic similarities and are often 

mistaken for one another. However, as can be seen from the phylogenetic tree (Figure 

10.1) they are quite "unrelated" with the Cyperaceae belonging to the cyperoid clade 

and the Restionaceae belonging to the graminoid clade. Thirty million years of isolation 

has resulted in many Australian plant species becoming highly adapted and these two 

families displayed large variability in their response to the same P G R s possibly as a 

result of these evolutionary changes. Dispersal-vicariance analysis indicates that the 

cyperoid clade originated in West Gondwana (South America or Africa) whereas the 

graminoid clade originated in East Gondwana (Australia) (Bremer, 2002). 
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Figure 10.1: Strict consensus tree of 12 most parsimonious trees found from analysis of Poales rbch and 
atpB sequences, Mayaca (Mayacaceae) and Trithuria (Hydatellaceae) excluded, outgroup (Calectasia, 
Dasypogonaceae) included. Jackknife support values and Bayesian posterior probabilities are shown 
above and below the branches, respectively. Reproduced from Gondwanan Evolution of the Grass 
Alliance of Families (Poales) (2002) by K.Bremer. 
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Until recently (1999), there was virtually no information available on the morphology, 

ecology and physiology of most Western Australian species within the Restionaceae, 

and to date, there is still very little comprehensive information available for members of 

the Cyperaceae endemic to Western Australia (Meney and Pate, 1999). Previous 

investigations have focused on in vitro micropropagation techniques with limited 

success for several Restionaceae species (Meney and Dixon, 1995a; Meney and Dixon, 

1995b) and Caustis dioica from the Cyperaceae (Rossetto et al, 1992). However, there 

are no reports of somatic embryogenesis for any Restionaceae species and only one 

report of non-commercial quantities of S E in C. dioica (Rossetto et al, 1992). 

One of the primary objectives of this study was to investigate the role of auxins, in 

particular 2,4-D, for the stimulation of somatic embryogenesis in rushes and sedges. 

Initially, it was envisaged that B. tetraphyllum could be used as the indicator/model 

species to develop an efficient protocol that would successfully promote SE in both 

families. However, it became evident that each family responded quite differently to 

auxins with the Restionaceae demonstrating exceptional embryogenic response to 2,4-D 

and Cyperaceae showing little or no evidence of SE production utilising 2,4-D (or other 

auxins investigated) but responding to a range of cytokinins, including TDZ. 

One explanation offered for the difference in response of these two families is that each 

is driven by a different metabolic pathway towards somatic embryogenesis. Raemakers 

et al. (1995) has suggested that somatic embryogenesis from different tissue sources is 

regulated by different PGRs. H e suggests that primary somatic embryogenesis from 

vegetative explants (such as coleoptiles or leaf basal portions) is indirect and driven by 

auxins or an auxin/cytokinin supplemented media, whereas somatic embryogenesis 

from zygotic embryos, tends to be direct and driven by cytokinins or PGR-free media 

(Raemakers et al, 1995). A s there were different tissues sources utilised for the 

different species, this may indeed be the case in this study. 
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The significant difference in response of one species to the two classes of P G R s was 

highlighted during the investigation of Baumea vaginalis (Cyperaceae). Leaf basal 

portions were initiated on 2,4-D and T D Z with auxins stimulating only callus and T D Z 

stimulating SE (the best S E response for this species with ~ 7 SE.explanf1). This 

suggests B. vaginalis is cytokinin-driven, but, when zygotic embryos were initiated on 

T D Z , SE numbers were minimal. If we accept Raemakers view that vegetative explants 

are auxin or auxin/cytokinin driven and zygotic embryos are cytokinin driven, these 

data contradict his suggestion. It is anticipated that SE efficiency is dependent on both 

the tissue source and is species-specific. It is possible that different families and species 

within such families behave quite differently in response to various PGRs. 

Raemakers et al. (1995) also suggests that secondary SE requires no PGRs for species 

that are cytokinin driven towards primary somatic embryogenesis, but that continual 

exposure to P G R s is necessary in species with cytokinin/auxin or auxin driven primary 

embryogenesis. The researcher in this current study suggests that B. tetraphyllum 

(Restionaceae) is primarily auxin driven, as 2,4-D was essential for somatic 

embryogenesis and also stimulated secondary somatic embryogenesis. In contrast, 

Loxocarya cinerea (also from the Restionaceae) responded to auxins (minimally) and 

two synthetic cytokinins (TDZ and B A ) . Secondary SE for L. cinerea was only 

achieved when the SE were initiated on T D Z or B A and transferred to PGR-free 

medium. These data support Raemakers (1995) theory that cytokinin-driven somatic 

embryogenesis does not require the continued presence of P G R s to stimulate secondary 

somatic embryogenesis. W h e n K n was included in the SE initiation media, S E were 

substantially reduced for B. tetraphyllum, whereas for M. tetragona (Cyperaceae) K n 

increased SE, providing evidence that the latter is cytokinin-driven. All Cyperaceae 

investigated had a greater embryogenic response to cytokinins or T D Z rather than 

auxins. 
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The two classes of PGRs (auxins and cytokinins) were investigated because it is 

generally accepted that cell division and tissue differentiation are controlled by a 

precise balance (ratio) of these particular growth regulators (Neuenschwander and 

Baumann, 1992; Samantaray et al, 1997; Zhong et al, 1991). It is also believed that 

auxins are involved in the re-programming of gene expression and in the induction of 

cell division (Nadel et al, 1995). Exogenous auxins seem capable of erasing the 

genetically programmed physiology of plant tissues, causing them to revert to a de

differentiated state (Lo Schiavo and Filippini, 1991). H o w auxins bring about this re-

programming is not fully understood, however, Lo Schiavo et al. (1991) found that 

D N A became more methylated when auxins were applied and this may be necessary for 

the re-programming of cells. 2,4-D proved to be a particularly good inducer of somatic 

embryogenesis fori?, tetraphyllum, and several other Restionaceae. Thorpe etal. (1995) 

has suggested that 2,4-D does not need to enter the cell but binds to a protein located on 

the plasma membrane. The hormone-receptor complex then interacts with a G protein 

that exchanges a bound G D P for a G T P and becomes activated. The activated G protein 

can act in various ways causing changes to occur in chromatin structure and possible 

alteration of transcription. Synthesis of new m R N A during cell division leads to either 

callus production or embryogenic development. The switch from somatic to 

embryogenic cell types can be viewed as a "survival strategy" to allow individuals to 

adapt to changing environmental conditions and requires the co-ordinated expression of 

genes and the post-translational modification of the regulatory proteins involved in cell 

cycle control (Thorpe, 1995). High concentrations of 2,4-D in the culture media can act 

as a stress signal and be sufficient enough to induce embryo formation. However, this is 

not always the case. Saxena and Dhawan (1999) demonstrated that higher levels of 2,4-

D had a greater tendency to produce non-embryogenic calli in bamboo and that SE 

production was reduced by increasing concentrations of 2,4-D. In the present study, a 

low concentration of 2,4-D (1 p M ) was sufficient enough to stimulate an embryogenic 

response in several species. It is also possible that genetic differences in the ability of 

tissues to take up or metabolise exogenous auxins is one of the reasons for the variation 

in response (James, 1983). 
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Cytokinins were investigated alone and in combination with auxins as inducers of 

somatic embryogenesis and it became evident that Cyperaceae responded more 

favourably to this class of PGRs than auxins. Cytokinins can be defined as "substituted 

adenine compounds that promote cell division in tissues grown in vitro" (Salisbury and 

Ross, 1992). They have been classified into adenine and phenylurea derivatives 

depending on their chemical structure (Mok et al., 1987) with T D Z belonging to the 

latter group. Skoog and Leonard (1968) demonstrated that when dicot stems were 

cultured aseptically on agar with auxins and nutrients, callus formed but when 

cytokinins were included in the media, cell division was greatly enhanced. 

Cytokinin metabolism is a balance between biosynthesis, formation of cytokinin 

conjugates and the catabolic reactions resulting in a loss of biological activity (Binns, 

1994). There have been several views put forward as to why T D Z behaves as it does. It 

has been suggested that T D Z is a precursor for N 6 side chains in cytokinin-active, 

naturally occurring adenine derivatives. O n the other hand, T D Z may influence the 

biosynthesis or the metabolism of endogenous adenine-based cytokinins (Mok et al, 

1987). T D Z may encourage the synthesis or inhibit the breakdown of purine cytokinins 

(Murthy et al, 1995). The breakdown of cytokinins is due to the activity of cytokinin 

oxidase which converts cytokinins into inactive products that lack the M^-side chain 

(Hare and Van Staden, 1994; Letham and Palni, 1983; Skoog and Armstrong, 1970). 

T D Z has been shown to inhibit the activity of cytokinin oxidase in Phaseolus vulgaris 

(Chatfield and Armstrong, 1986) and Populus euroamericana callus cultures (Motyka 

and Kaminek, 1992). This could result from it behaving as a substitute for the cytokinin 

oxidase thereby reducing its activity or by simply inhibiting the enzyme by some other 

mechanism (Chatfield and Armstrong, 1986). 
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Significant changes in the pools of endogenous auxin, cytokinin, metabolic enzymes 

and compounds of the phytohormone biosynthetic pathways has been observed during 

TDZ-induced organogenesis in soybean (Capelle et al, 1983). As the Cyperaceae 

species investigated in this study responded to a range of cytokinins and T D Z , it is 

suggested that this family is more receptive to this particular class of PGRs, or that the 

balance of endogenous auxins/cytokinins is perhaps critical with a slight change in this 

ratio causing stimulation of somatic embryogenesis. 

10.3 Phenolic Induced Injury and the Effects of Antioxidants 

The exact nature of the compounds released from explants upon excision is not known 

but they are assumed to be a mixture of phenolic substances. The inhibitory actions are 

often due to a loss of enzyme activity caused by the bonding of proteins with the 

phenols (Swain et al, 1977). Phenols comprise a benzene (aromatic) ring with at least 

one hydroxy group. These compounds are strong reducing agents and can serve as 

substrates for oxidative enzymes. Enzymes contained in plants, such as tyrosinase and 

catecholoxidase, oxidise the hydroxy group to produce quinones and water. Under 

normal growing conditions and while the cells remain intact the phenols and enzymes 

are kept apart within cell vacuoles. However, after wounding the compartmentation is 

destroyed, allowing the oxidation process to begin (Swain et al, 1977). In addition, 

phenols are themselves susceptible to oxidation by phenolase which is present in all 

plants (Harbome, 1989). 

201 



Other factors that contribute to browning include the source of the explant (parent 

material) and the time of the year the material is harvested. Depending on the genus, 

young tissue is less likely to brown than older tissue. However, there have been studies 

showing results to the contrary. D u h e m et al. (1988) found that young explants of 

coffee were "more likely to show phenolic oxidation than those from older tissues." 

Phenolic exudation appears to be related to phenological development of plants e.g. 

season, physiological state (flowering), health (disease, insect attack, fire etc.), stress 

(water). Browning is more likely to occur in explants collected during summer when 

they are drought stressed and less able to "cope" with mechanical damage. Thus the 

age, stage of growth and season will contribute to the success (or otherwise) of cuttings 

excised from the parent plant and transferred to media. 

The reasons why the KC:CA combination was an effective antioxidant is probably due 

to a combination of factors. Firstly, the p H of the media (ranging from 5.9 to 6.0) was 

not optimal for the oxidative enzyme (phenolase) to become active (optimum p H 6.5) 

and hence this would have reduced its capabilities. Secondly, the inclusion of potassium 

may have played several important roles. Potassium is affective in balancing negative 

charges and helps to regulate p H within cells. In addition, proteins found within cells 

have a high affinity for potassium. As such, when potassium binds to proteins (behaving 

as a cofactor), the change in configuration activates their enzymatic activities (George, 

1996). O n the other hand, toxicity occurs through the irreversible hydrogen bonding of 

phenols to proteins which inhibits enzyme activity and leads to the death of the explant 

(Swain et al., 1977). Thirdly, the citrate component may have behaved as a chelating 

agent scavenging metal ions needed by phenolase to begin the browning process, once 

again reducing the ability of this enzyme and subsequent browning of the tissue 

(George, 1996). 
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10.4 Secondary Somatic Embryogenesis and Conversion of SE into Plantlets 

Secondary or repetitive somatic embryogenesis is rarely reported in monocotyledonous 

plants (Li and Qu, 2002) but was successfully achieved in this study for two species. 

The researcher believes that in addition to a reduction in the level of browning, the 

potassium component of the K C : C A combination was partially responsible for the 

stimulation of secondary somatic embryogenesis in B. tetraphyllum. The increase in the 

number of SE was significant, 5-fold more than treatments without KC.CA. It is 

unlikely that this extraordinary increase in SE is simply due to a reduction in browning, 

but is likely to also involve potassium in a regulatory role (Shetty and McKersie, 1993). 

There has been one other report where the inclusion of nitrate or sulphate salts of 

potassium maximised the number of synchronous secondary SE in Camellia sinesis 

(Mondal et al., 2001). In both cases, (C.sinesis and B. tetraphyllum), germination of 

these secondary S E occurred after potassium was removed and embryos were sub-

cultured onto PGR-free medium. 

B. tetraphyllum proved to be an interesting species to investigate for secondary somatic 

embryogenesis due to the variation in responses to PGRs. Secondary SE were 

stimulated for this species on a variety of media including: PGR-free media, auxin 

supplemented media, a combination of auxin and cytokinin media, cytokinin media only 

and the 2,4-D and K C : C A combination medium. According to previous studies on other 

plant species, the exclusion of auxins from the medium is generally required to 

stimulate conversion of SE into plantlets, but does not necessarily stimulate secondary 

SE as it did in this case. There have been several reports of cytokinins promoting 

secondary SE in Malus x domestica (Daigny et al, 1996), Olea europea L. (Shibli et 

al, 2001) and Hevea brasiliensis (Veisseire et al, 1994). 
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A significant observation in this study was that the timing of application of K n 

determined what type of response was elicited. For example, in B. tetraphyllum, if K n 

was included in the initiation media, S E production was significantly reduced. W h e n K n 

was included in the follow-up media and cultures were maintained in the dark, 

secondary SE production occurred. However, when K n was included in the follow-up 

media, and cultures were maintained in the light, successful conversion of SE into 

plantlets was observed. Similarly, for Loxocarya cinerea and Lyginia imberbis 

(Restionaceae), inclusion of K n in the SE initiation media, significantly reduced callus 

and SE production, but inclusion of either B A or K n in the follow-up media for L. 

cinerea increased conversion of SE into plantlets. These results support other studies 

that have demonstrated the inclusion of a cytokinin during the initiation phase will 

reduce the effective stimulation of SE (Choi et al, 1997; Choi et al, 1998; Cushman et 

al, 2000; Eapen and George, 1993; Wachira and Ogada, 1995). 

Initiation of SE was successful during the investigation of L. cinerea leaf basal portions 

on T D Z and subsequent secondary somatic embryogenesis was stimulated by 

transferring these primary S E to 1/2 M S PGR-free medium (9-fold increase in SE). It is 

suggested that the application of T D Z affected the auxin/cytokinin balance (as 

discussed in previous paragraphs) towards somatic embryogenesis and that transfer to 

P G R free media stimulated secondary SE. Zaffari et al. (2000) evaluated the 

endogenous levels of cytokinins in banana and reported that cytokinins (in particular 

2iP) were most abundant in the leaf basal portion of the explant than the apical region. 

It is possible that the leaf basal portions of L. cinerea were stimulated towards somatic 

embryogenesis because they contained higher levels of cytokinins than the leaf 

segments and that the interaction of T D Z with the endogenous auxin/cytokinin ratio 

stimulated SE. 
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10.5 Optimised Culture and Environmental Conditions 

In vitro culture media usually consists of several groups of components: growth 

regulators, mineral ions, vitamins and a carbohydrate source, with or without a gelling 

agent (Williams, 1995). The most commonly used medium is that of M S (Murashige 

and Skoog, 1962) which has been adapted for micropropagating a wide range of plant 

species. Gamborg medium has also proven successful with immature zygotic embryos 

of sunflower (Sujatha and Prabakaran, 2001), cell suspension cultures of California 

poppy (Park and Facchini, 2001) and with nerium oleander (Santos et al, 1994). A third 

basal salt woody plant medium (Lloyd and M c C o w n , 1980) has been used for SE in 

alfalfa (Senaratna et al., 1990), American chestnut (Carraway and Merkle, 1997), 

Acacia catechu (Rout et al, 1995) and pecan (Rodriguez and Wetzstein, 1994). In 

addition, there are numerous variations of all three types of basal media. The 

composition of medium for any particular plant species for the successful stimulation of 

somatic embryogenesis must therefore be empirically determined. 

During this investigation, only MS and GB5 at full and half strengths were investigated 

due to limited plant material and the broad SE benefits reported for these two media in 

SE production. For B. tetraphyllum (Restionaceae) and L. tenue (Cyperaceae), 1/2 M S 

was the only medium conducive to SE production. In contrast, L. cinerea 

(Restionaceae) produced a number of SE on a range of M S and G B 5 at full and half 

strength in combination with 2,4-D indicating that nutrient requirements for this species 

were not as critical. These data support the view that nutritional requirements are 

species-specific and may be related to the environmental conditions in which these 

species are found. In addition to the type of basal medium chosen, it is not possible to 

accurately predict how the physical and chemical changes taking place within the 

culture vessel will affect the uptake of these constituents by the explant (Debergh, 

1983). 
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O n several occasions during this investigation, explants remained on treatments for an 

extended period of time (9-10 weeks), resulting in a significant increase in SE. It is 

anticipated that one of two pathways may be involved with either the explants being 

subjected to nutritional stress during this time forcing cells towards embryogenic 

competency or that the P G R s had also become depleted and this stimulated the shift 

towards embryogenesis. A s levels of nutrients and P G R s were not measured, further 

research is needed to draw definitive conclusions. 

Media pH was also investigated to determine its influence on SE, and once again, there 

were significant differences between species. T w o of the Restionaceae (B. tetraphyllum 

and L. cinerea) showed little variation in the number of S E regardless of pH, whereas B. 

vaginalis (Cyperaceae) exhibited a 10-fold increase in S E at p H 6.0 compared to the 

next best treatment of p H 5.5. A s previously described in Chapter 9, p H affects the 

availability of nutrients with some elements becoming unavailable (leading to 

deficiencies) and others becoming more soluble resulting in toxicity (Taiz and Zeiger, 

1991). There have been similar reports that p H is species-specific and Mouracosta et al. 

(1993) found that low p H 3-4 prevented differentiation of proernbryogenic cell 

aggregates and subsequently decreased somatic embryogenesis, while p H 5 - 5.5 

favoured formation of globular structures in Ocotea catharinesis. 

Carbohydrate sources utilised in the culture media are components that can impact on 

the embryogenic competency of explants (Fuentes et al., 2000; Marsolais et al, 1991; 

Senaratna, 1992). The carbohydrate sources investigated (sucrose and maltose) showed 

variation in response with 20 g L"1 sucrose being superior for all three species, whereas 

maltose alone at any level, significantly reduced S E efficiency. There remains a suite of 

sugars available that are yet to be investigated and other studies have indicated that S E 

success in relation to the carbohydrate source is largely dependent on genotype. 
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10.6 Influence of B R on Somatic Embryogenesis 

B R are a class of P G R s that are thought to be involved in many physiological functions 

in plants (Arteca, 1996) and have been referred to as the "anti-stress hormones" 

(Dhaubhadel et al, 2002; Mussig et al., 2000). W h e n cells are subjected to stress they 

are stimulated into expressing "proteins of stress" to protect the cells (Arteca, 1996). A 

similar response can be induced during somatic embryogenesis that includes cell 

division and differentiation. It was considered possible that B R would stimulate cell 

division when explants were treated with 2,4-D and hence stimulate callus or direct SE. 

Nieves et al (2002) reported the inclusion of a B R significantly increased SE 

production in sugarcane. During this investigation, the inclusion of 1 p M EP in the 

medium with 1 p M 2,4-D significantly reduced SE (Figure 8.1), but increased callus 

production perhaps indicating its role in the promotion of cell division. Previous reports 

have demonstrated that B R stimulated growth and cell division 2-3 fold for Chlorella 

vulgaris (Bajguz, 2002) and that B R have GA-like qualities. It has also been reported 

that plants unable to synthesise or perceive B R are dwarfs (Choe et al, 2001). During 

this study there was large variability in shoot elongation between different species 

mirroring the contradictory results of previous experiments where in some experiments, 

B R stimulated shoot elongation and in others, shoot elongation was retarded. There 

have been several studies that have reported B R to be involved in the light-regulated 

development of plants (Li et al, 1996) but the exact mechanisms remain unclear. 

10.7 Effect of Photoperiod on the Stimulation of Somatic Embryogenesis 

A s previously discussed, maintenance of cultures in the light or dark determined the 

particular response of explants. W h e n SE were initiated in the dark for B. tetraphyllum 

and B. vaginalis there was an increase in the number of SE (1.5-fold and 16-fold 

increase in S E numbers) respectively. 
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Similarly, when primary SE of B. tetraphyllum were initiated in the dark, secondary S E 

were observed whereas conversion into plantlets occurred when they were maintained 

in light. Light incubation has been shown in this investigation to adversely effect the 

efficiency of S E production in several species. There is evidence in the literature 

indicating that light is able to modify the endogenous levels of P G R s and/or alter the 

sensitivity of the cells to such P G R s (Starling et al, 1984; Tudor, 1992). During 

investigations of Araujia sericifera (Tome et al, 1997), it was demonstrated that high 

intensity light (90-100 p M m"2 s"1) was essential to stimulate somatic embryogenesis, 

whereas in Lilium regale Wil. (Pelkonen and Kauppi, 1999) dark incubation was 

necessary for the stimulation of embryogenic callus, followed by transfer to light for 

regeneration. A s S E production was significantly more efficient in the dark (during this 

investigation), it is suggested that light reduced tissue sensitivity to the exogenous 

P G R s and may also have interfered with the levels of endogenous PGRs. It is 

anticipated that under continuous light the induction process was adversely affected 

leading to fewer embryos being formed. Ethylene has previously been reported to 

increase in dark grown than light grown callus of tobacco (Huxter et al, 1981) and the 

possible elevation of ethylene in the dark may have promoted S E production due to 

stress. 

10.8 Efficiency of SE Production is Strongly Linked to Explant Age 

In experimental work utilising younger versus older coleoptiles (of B. tetraphyllum) and 

leaf basal portions versus mature leaf segments (for the remaining species), there was a 

significant increase in SE from the younger explants. W h e n young coleoptiles (5-7 d) 

and older coleoptiles (8-14 d) were investigated, the younger coleoptiles produced 50 % 

more SE than their older counterparts. It is suggested that the younger coleoptiles had 

not fully differentiated and were therefore more receptive to the exogenous application 

of auxins causing the cells to divide and proceed towards an embryogenic pathway. In 

contrast, it is proposed that once cells within the coleoptiles had matured and began to 

green (indicating photosynthetic capability), they were no longer receptive to the 

application of P G R s and could not be stimulated towards embryogenesis. 
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The reason for the differences in embryogenic response of leaf segments and leaf basal 

portions has been previously discussed. In brief, the excessive browning of the leaf 

segments indicated tissue senescence that would have interfered with the functioning of 

the cells and their ability to take up nutrients and PGRs. Secondly, it is envisaged that 

the cells within the leaf segments were mature and fully differentiated and lacked 

meristematic activity. O n the other hand, it is proposed that the leaf basal portions 

contained a region of actively dividing cells (responsible for growth in 

monocotyledonous plants) and these cells were receptive to the P G R s resulting in cell 

division and subsequent somatic embryogenesis. 

10.9 Potential of Somatic Embryogenesis in the Clonal Propagation of 

Restionaceae and Cyperaceae Species 

In recent years, tissue culture and, to a lesser extent, somatic embryogenesis have 

become important in the ex situ conservation and reintroduction of vital plant species to 

disturbed habitats such as disused mining sites (Meney et al, 1990). These 

micropropagation techniques provide the opportunity for mass propagation often 

relying on small amounts of starting material. This is especially advantageous when the 

parent material is rare, suitable growing tips are not available or when seed is 

unavailable, have dormancy mechanisms in place or are simply not viable for 

conventional propagation as was the case in this study. This study investigated somatic 

embryogenesis as a technique for the mass propagation of several species belonging to 

the Restionaceae and Cyperaceae. The most successful trial produced over 11,000 SE 

(from 0.36g of plant material) for B. tetraphyllum in 9 weeks, a significant improvement 

over conventional micropropagation techniques (Meney and Dixon, 1995a; Meney and 

Dixon, 1995b). 
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10.10 The Need for Conservation 

Since European settlement of Australia just over 200 hundred years ago, 76 species of 

plants and 42 species of animals have become extinct (Australian Bureau of Statistics, 

1998). Urban encroachment and large scale clearing for agriculture has reduced natural 

habitats, which has contributed to the loss of species numbers and genetic variability 

within both animal and plant species. Pollution of the air, seas and soils as well as the 

introduction of foreign plants and animals has further exacerbated these problems and 

forced many species to the brink of extinction. 

In a report by the Australian and New Zealand Environment and Conservation Council 

( A N Z E C C ) , Western Australia is listed as having the largest number of threatened plant 

species overall (304) compared to the other states of Australia collectively (Briggs and 

Lee, 1993). The Western Australian Government is committed to the Endangered 

Species Protection Act 1992 and to the Biological Diversity treaty signed at the United 

Nations "Earth Summit" in 1992. The treaty aims to "conserve biological diversity, 

sustain the use of its components and ensure the fair and equitable sharing of the 

benefits arising out of the utilisation of genetic resources" (United Nations, 1992). 

There are many reasons why preserving biodiversity is important to our society. 

Biodiversity contributes to the functioning of ecosystems that are vital for the continued 

habitability of the planet such as carbon exchange. Plants provide food, medicine, 

clothing and housing for the global community as well as aesthetic and cultural values 

which are non-monetary and intangible, but are now universally recognised as being 

important (Organisation for Economic Co-operation and Development, 1996). 
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The mining of native ecosystems (including the successful restoration of such sites) and 

the development of horticultural industries largely depend on the development of an 

efficient propagation technique that will provide acceptable levels of biodiversity 

replacement. Mining in biodiverse regions or highly diverse floras such as the southern 

parts of Western Australia often means that significant components of the biome are not 

effectively rehabilitated. For example, Restionaceae (southern rushes), Cyperaceae 

(sedges), Proteaceae (e.g. Persoonia) and Epacridaceae (native heaths) represent up to 

30 % of pre-mined diversity and biomass, yet current rehabilitation technology returns 

barely 1 - 2 % (Willyams, 2001a). 

Revegetation with rushes and sedges is not only vital to help preserve biodiversity per 

se, but is particularly advantageous when rehabilitating sites due to their distinct rooting 

characteristics. M a n y rushes and sedges are strongly rhizomatous, binding soil and 

forming dense herbaceous layers that can limit the invasion of weedy species allowing 

these species to be used as pioneer stabilisers and ground covers (Meney and Pate, 

1999). In addition, their ability to survive in nutrient-poor soils is beneficial for the 

restoration of remnants of natural vegetation and other degraded sites. 

10.11 Future Work 

There remains a significant amount of research still to be undertaken for these 

important, yet little understood families, Restionaceae and Cyperaceae. Further 

investigations into other basal media including woody plant medium and variations to 

the carbohydrate sources, vitamins and minerals may uncover a more appropriate or 

optimal medium for other members of these families. In addition, there is a wide variety 

of tissue types yet to be investigated including young inflorescences (anthers, 

filaments), petioles, stems and roots. 
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One of the challenges often associated with S E is that the germination and initial growth 

of plantlets derived from S E is not as vigorous as that of their zygotic counterparts. This 

is, in part, due to the lack of storage reserves in SE. A s with other characteristics of 

somatic embryogenesis, the amendment of the initiation media through the addition of 

glutamine and ammonium sulfate (Lai et al., 1995) may increase the storage proteins in 

SE and this is yet to be determined for the species investigated in this study. It has been 

demonstrated that A B A can also stimulate storage protein synthesis in seeds of rape 

(Finkelstein et al, 1985) and maize (Rivin and Grudt, 1991). 

In true seeds, the accumulation of reserves occurs in the embryonic axis, cotyledons and 

endosperm (Gray and Purohit, 1991). SE, however, lack an endosperm and have 

rudimentary cotyledons. The appropriate chemical environment for the development 

and maturation of embryos must therefore be determined with emphasis on the 

accumulation of storage reserves as the initial vigour of plants is dependent on these 

storage reserves. Whilst SE lack the benefit of a nourishing environment (endosperm), 

various media supplements can be examined which may promote the accumulation of 

reserves. Information on the interaction of these factors is lacking. The role that A B A 

and osmoticum (polyethylene glycol) may play in the regulation of storage reserve 

accumulation is critical for SE (Brisibe et al, 1994; Timbert et al, 1996). Investigations 

are necessary to determine the quality and quantity of nitrogen, sugar, sulfur, A B A and 

osmoticum while determining the appropriate time for their application in relation to 

reserve deposition. The characterisation of storage reserves in S E compared to true 

seeds is essential so that media can be designed to improve reserve accumulation and 

consequently the production of high quality SE. 
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Once production of S E has been successful, it is vital that they be dried for storage 

purposes without the loss of viability. Desiccation of S E could be examined using a 

variety of treatments such as application of A B A , heat shock, non-lethal chilling or 

osmotic stress to promote desiccation tolerance. L o w levels of A B A are present at the 

onset of reserve accumulation in zygotic seeds, but rise with the onset of desiccation 

tolerance (Senaratna et al, 1995). A s mentioned above, A B A is thought to be involved 

in the accumulation of storage reserves and it is important therefore that its role in 

promoting desiccation tolerance does not interfere with the deposition of storage 

reserves. Investigations need to determine the levels and timing of application to induce 

desiccation tolerance without negatively influencing reserve accumulation. 

One of the final stages would be to establish a protocol for the encapsulation of SE to 

create synthetic seeds. Encapsulation provides protection from mechanical damage as 

well as delivering PGRs, nutrients and other chemical or biological components 

required for rapid germination and plant establishment. Preliminary investigations into a 

synthetic coat of sodium alginate were undertaken with limited success for B. 

tetraphyllum and much remains to be discovered. In addition, several experiments were 

undertaken that investigated a dehydrating medium used to prepare S E for storage in 

liquid nitrogen, again with limited success. There is evidence in the literature that 

cryopreservation of S E is possible (Bhatti et al, 1997; Tessereau et al, 1994). The 

possibility of storing embryogenic callus or primary S E for an unlimited amount of time 

to be used as the "seed" for a batch culture has obvious advantages, particularly if plant 

material is unavailable. It will also avoid the time consuming task of explant 

preparation. 
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