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ABSTRACT

Many orchids require mycorrhizal symbioses with fungi for their development and 

survival. Rhizanthella gardneri the Western Australian underground orchid is associated 

with the companion plant Melaleuca uncinata and its ectomycorrhizal fungus symbiont.

Much less is known about the habitat requirements of its sister species, R. slateri, which 

occurs in Eastern Australia. The absence of chlorophyll from Rhizanthella gardneri and 

R. slateri results in total dependency on associations with fungal symbionts. Many 

ecological and biological aspects of these fascinating orchids remained poorly known, 

including the identity of the fungal associates and the nature of their tripartite

associations with Rhizanthella and Melaleuca. Extremely high specificity of these 

mycorrhizal relationships is likely to be the most important factor explaining the highly 

specific habitat requirements of underground orchids.

The purpose of this study was to conduct further investigations of the role of the 

mycorrhizal associations of Australian underground orchids by identifying the fungi 

involved in these associations, optimising their growth in sterile culture and devising 

efficient means for synthesising their tripartite associations with R. gardneri and M.

uncinata. In total, 16 isolates of fungi were successfully obtained from the two 

underground orchids and used in a series of experiments to understand both the nature 

of the fungi and their relationship with orchids. The identity of these fungi was 

established by using conventional morphological and molecular methods.

Cultural and morphological studies revealed that all isolates from R. gardneri and R.

slateri were binucleate rhizoctonias with affinities to members of the genus

Ceratobasidium. However, the teleomorph state that was observed from the R. slateri

symbiont during this study more closely resembled a Thanatephorus species. Further

identification using ITS sequence comparisons confirmed that mycorrhizal fungi of 

Rhizanthella belonged to the Rhizoctonia alliance with relatives that include

Thanatephorus, Ceratobasidium, or Rhizoctonia from other continents with over 90% 

similarity. Most of these related fungi are known as plant pathogens, but some were 

orchid mycorrhizal fungi. However, the isolates from the two underground orchids were 

most closely related to each other and formed a discrete group relative to other known 

members of the Rhizoctonia alliance.
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Sterile culture experiments determined culture media preferences for mycorrhizal fungi 

from Rhizanthella and other orchids.  A fully defined sterile culture medium designed to 

more closely resemble Australian soil conditions was formulated. This new medium

was compared to undefined media containing oats or yeast extract and 

recommendations for growth of these fungi are provided. The undefined media based on 

oats provided the best growth of most fungi, but the new Australian soil media was also 

effective at growing most orchid mycorrhizal fungi and this fully defined media was 

less prone to contamination and should provide more reproducible results. 

A comparison of three methods for inoculating M. uncinata with the underground 

orchid fungi resulted in the production and characterisation of ectomycorrhizal roots 

and hyphae formed by fungi isolated from R. gardneri and R. slateri. These 

underground orchid fungi could easily be distinguished from other mycorrhizal fungi

(caused by airborne contamination) by the characteristic appearance of these roots and

hyphae. A new system for growing and observing tripartite mycorrhizal associations 

was devised using pots with side viewing windows and the use of transparent seed 

packets to contain Rhizanthella seeds. This method allowed all the stages of seed 

germination to be observed in the glasshouse, culminating in the production of 

underground orchid rhizomes.  Seed germination was only successful when seed was 

placed directly over active M. uncinata ectomycorrhizas confirmed to belong to the

correct fungus by microscopic observations through the side of window pots. 

The importance of these new scientific discoveries concerning the biology and ecology 

of the underground orchids and their associated fungi for the recovery of these critically 

endangered orchids are discussed. 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

1.1. Introduction 

Rhizanthella gardneri has one of the most unusual life forms among flowering plants, as 

it lives and flowers entirely underground. This orchid occurs in an impoverished habitat 

in Western Australia without the ability to directly access sources of nutrition, as it 

lacks roots or leaves. Survival of this orchid is totally dependant on associated

mycorrhizal fungi present in its specific habitat. Consequently, knowledge of this fungal 

association is required to provide biological information necessary for the conservation 

of the underground orchid. 

1.2. Orchidaceae

The Orchidaceae is one of the largest families of flowering plants with over 17,000

species of epiphytes and terrestrials (Dressler, 1993). This highly diverse family has a 

worldwide distribution and these amazing plants have adapted to many environments.

Australia has a diverse orchid flora with more than 900 species that occur in most 

habitats, but are most common in coastal areas with relatively high rainfall (Jones,

1988; Bates & Weber, 1990; Hoffman & Brown, 1998). Western Australia is a

terrestrial orchid diversity hotspot of worldwide significance with over 340 species, 

most of which are endemic (Batty et al., 2002).

1.3. Southwestern Western Australia 

Australia is a land with a unique evolutionary history (Hopper, 1997) resulting in highly

variable vegetation ranging from tropical to desert in the north to alpine regions and

mediterranean plant communities in the Southwest (Dixon and Hopper, 1996). Western

Australia is the largest area of mediterranean-type climate and consists of heath and 

mallee communities (Brown et al, 1998). The species richness of Western Australia is 

centred in the southwest which is dominated by forest, woodland and shrubland 

habitats. The southwest flora has a higher proportion of endemic species than most other 

parts of the world. More than 13,000 taxa of flowering plants are found, of which 70%
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are restricted to the region (Brown et al., 1998). Most Western Australian (WA) orchids 

occur in the southwest, which has a mediterranean-type climate with cool, wet winters, 

followed by 5-8 months of summer drought when most orchids aestivate as dormant

tubers (Dixon, 1991). Eighty five percent of the terrestrial orchids found in the 

southwest of Western Australia are endemic to this region (Dixon and Hopper, 1996). 

Unfortunately, many of the species are threatened as the area with intensive agricultural

activity. Land clearing and accidental destruction, weed invasion and habitat

degradation, salinity, plant diseases, feral herbivores and herbicide use are major threats

to their existence (Figure 1.1).

Mining

Feral animals
Invasive weeds

Salinity, hydrology 
Land clearing

Phytophthora dieback 

Climate extremes 
Small populations 

Accidental destruction

Figure 1.1. Relative importance of threats to populations of endangered WA Plants 

(after Brown et al., 1998). 

1.4. Orchid Mycorrhizas

Mycorrhizas are symbiotic associations between plants and specialized soil fungi 

(Brundrett, 2002). These functionally and morphologically distinct associations are 

involved in mineral and nutrient absorption (Deacon, 1984). The most important types

of mycorrhizas associated with land plants are vesicular-arbuscular mycorrhizas (VAM

or arbuscular mycorrhizas) and ectomycorrhizas (ECM). The former involve relatively 

primitive fungi in the Glomeromycota and involve most species of angiosperms,

gymnosperms, pteridophytes and some bryophytes. Trees or shrubs with ECM 

associations are dominant or common in many habitats. (Harley & Smith, 1983; 

Brundrett, 2002). Members of the family Orchidaceae have a particular type of 

mycorrhiza that is unique to this family of flowering plants (Harley & Smith, 1983; 

Currah, 1991). Mycorrhizal roots of orchids have a characteristic morphology and 

physiology and involve separate groups of fungi to other mycorrhizas. Knowledge of 
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orchid mycorrhiza has been rapidly developed during the last decade, but there is still 

much we do not know (Rasmussen, 2002) 

Peterson and Farquhar (1994) provided a description of the stages of early establishment

of orchid mycorrhizas. Contact involves a fungal recognition process when the hypha is 

attracted by the surface of an orchid root, stem or protocorm. This is followed by an 

adhesion of hyphae attach to the root, in some cases resulting in the formation of 

specialized structure similar to the appressorium in VA and ericoid mycorrhizal fungi. 

Orchid fungi penetrate their hosts through epidermal cells or trichomes (Hadley & 

Williamson, 1971), or the suspensor cell of the embryo within seeds (Clements, 1988). 

Subsequently, the hyphae penetrate root cells triggering a series of physiological 

changes in both symbionts leading to the production of a hyphal interface (see below). 

The presence of hyphal coils or pelotons in the cortical cells of the roots, stems, or 

protocorms is the characteristic feature of orchid mycorrhizas (Burgeff, 1936; Peterson 

et al., 1998). Pelotons are formed when orchid mycorrhizal fungi colonise the layers of 

the cortex, but not the stele or meristematic cells (Leake, 1994). Pelotons are active for 

varying lengths of time before eventually deteriorating. Peloton hyphae collapse 

through lysis or digestion, a process thought to release hyphal nutrients, which are used 

by the orchid as a source of nutrition (Zelmer & Currah, 1995; Smith & Read, 1997). 

However, the mechanism of nutrient transfer from fungus to orchid has not been 

thoroughly investigated and it is not known if fungi receive any nutrients from the plant, 

as is the case in most other types of mycorrhizas. Recolonisation may occur in cells 

containing collapsed pelotons (Smith & Read, 1997). Mycorrhizal colonisation is a 

dynamic process that is believed to be critical for the survival of terrestrial orchids, as 

their main source of nutrition (Rasmussen, 2002). 

Mycorrhizal associations are considered to benefit plants primarily because mycorrhizal

roots are more efficient at nutrient uptake than nonmycorrhizal roots (Smith & Read, 

1997; Brundrett, 2002). The presence of the fungal partner increases the surface area 

available for the roots and allows the plant to exploit a greater volume of soil (Smith &

Read, 1997). In contrast, the heterotrophic fungi receive nutrition in the form of 

carbohydrates produced by photosynthesis, which is translocated across the plant-

fungus interface (Smith & Read, 1997). Most mycorrhizal fungi are dependent on this 

nutrient transfer process for their growth and survival.
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Mycorrhizal associations are important in maintaining healthy ecosystems and 

protecting the root system from pathogenic attack as well as increasing the tolerance of

plants to water stress (Smith & Read, 1997). At least four discrete groups of 

mycorrhizal fungi are involved in mycorrhizal associations (Brundrett, 2002). The 

activities of each type of fungi result in a distinct morphological pattern of the roots and 

affect the nature of the association (nutrient transfer, host-fungi specificity etc.). The 

nature and identity of mycorrhizal fungi involved with members of the Orchidaceae is 

discussed below. 

The term mycorrhiza should strictly apply to fungus-root associations. However, 

mycorrhizal associations in orchid plants differ from most others since they are not 

restricted to roots, but also occur in protocorms and stems (Peterson & Farquhar, 1994; 

Ramsay, 1986). Most researchers agree that orchid associations are not mutualistic, as

the fungi are unlikely to gain any benefit from protocorms or achlorophyllous plants 

(Hadley & Pegg, 1989; Garrett, 1970; Peterson & Farquhar, 1994; Smith & Read, 1997; 

Brundrett, 2002). These fungi can provide the orchids with sugars, amino acids, 

vitamins, proteins, phosphate and probably other substances (Arditti et al., 1990). In the 

case of achlorophyllous orchids, the associations are considered to be fully parasitic in 

nature (from the fungus perspective), therefore terms such as epiparasitic (Furman & 

Trappe, 1971), cheating (Taylor & Bruns, 1999) or exploitative (Brundrett, 2002) are 

used to describe these associations.

1.4.1. Orchid Mycorrhizal Fungi 

There is a large diversity of fungi isolated from orchids, which include beneficial 

symbionts and others of unknown function. Most of these fungi are classified in the 

anamorphic genus Rhizoctonia. To date, 15 species of Rhizoctonia anamorphs have 

been designated as orchid fungal symbionts (Roberts, 1999). Many of these fungi have 

also been assigned to teleomorphic (sexual state) genera, which include 

Ceratobasidium, Thanatephorus, Serendipita (Sebacina) and Tulasnella (Currah et al.,

1997; Roberts, 1999; Rasmussen, 2002). 

Difficulty in identifying the fungi of most orchids is still encountered, since most orchid 

fungi are sterile in culture. However, the use of molecular techniques has shown that 
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orchid symbionts are diverse and most can be assigned to clades within the taxa listed 

above (see Chapter 3). The identification of mycorrhizal fungi is the key to 

understanding their relationships with orchids.

Orchid mycorrhizal fungi are unique, as the members of this group are considered to 

have dual roles as saprophytes or parasites (Roberts, 1999; Batty et al., 2002). Most of 

the fungi that associate with Achlorophyllous orchids are not closely related to those in 

green orchids (Table 1.1). These orchids exploit a wide variety of fungal genera most of 

which are known to have primary roles as parasites of other plants species or 

decomposers of organic substrates, including Fomes, Armillaria and Thanatephorus

(Zelmer et al, 1996; Batty et al., 2002; Rasmussen, 2002). Certain other orchids are 

associated with saprophytic fungi such as Marasmius, Xerotus, Tomentella and

Thelephorus, which break down organic matter from other sources (Rasmussen, 2002). 

Still others are ECM fungi. 

Table 1.1. Mycoheterotrophic orchids and their fungi (after Batty et al., 2002). 

Orchid Habitat Fungus identity and 
role

Reference

Cepalanthera
austinae

Under trees in western 
North America

Identified by DNA
sequences as ECM
Basidiomycetes in the 
Thelephoraceae

Taylor and Bruns,
1997

Corallorrhiza Mature forest stand 
Maryland

In situ seed 
germination in soils-
unidentified fungus
with clamps

Rasmussen & 
Whigham, 1993 

Corallorrhiza
maculata and C.
mertensiana

Under trees in western 
North America

Identified by DNA
sequence as ECM
Basidiomycetes in 
Russula

Taylor and Bruns,
1997, 1999

Corallorrhiza
trifida

Boreal forest near
Alberta, Canada 

Yellow Basidiomycete
also ECM with Pinus
tree

Zelmer and Currah,
1995

Corallorrhiza
trifida

Mycorrhizal links with 
trees in the UK

Unidentified ECM 
fungus linked to Salix
and Betula

McKendrick et al.,
2000

Corybas
cryptanthus

In litter under New 
Zealand

Fungus under
Nothofagus parasitic
on tree roots?

Campbell, 1972 

Didymoplexis sp Indonesia, synthesis in 
the lab 

Marasmius coniatus Burgeff, 1932, 
1936, 1959

Epigenium Northern Asia Unknown clamp
bearing fungus

Summarized by
Rasmussen, 1995 

Erythrorchis
ochobiensis

Synthesis in lab, Japan Auricularia polytricha
a hetero-basidiomycete
wood rotting fungus

Umata, 1997
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Erythrorchis
ochobiensis

From Japan, Papua New 
Guinea and New 
Zealand

Synthesis in culture
with Lentinula and 
Trametes spp., wood
rotting basidiomycetes

Umata, 1998, 1999

Galeola altissima Japan Erythromyces
crocicreas a resupinate 
wood rotting
Basidiomycete

Hamada and 
Nakamura 1963 in 
Currah et al, 1997 

Galeola hydra Decaying trees, 
Philippines

Fomes sp. Burgeff, 1959

Galeola
septentrionalis

Isolation of fungi from
roots in Japan 

Armillaria mellea and 
A. tabescens, two 
agaric wood rotting 
basidiomycetes

Hamada, 1939,
Terashita, 1985, 
Terashita & 
Chuman, 1987

Gastrodia
cunninghami

Rhizomes from
Nothofagus forest in 
New Zealand

Armillaria mellea also 
parasitic on tree roots 

Campbell, 1962 

Gastrodia elata Japan Armillaria mellea Kusano, 1911
Gastrodia
javanica

Indonesia Xerotus javanicus Burgeff, 1959 

Gastrodia minor Under Leptospermum
scoparium in New
Zealand

Unknown fungus
apparently also ECM 

Campbell, 1963 

Gastrodia
sesamoides

Under Acacia
melanoxylon in New 
Zealand

Probably Fomes
mastoporus, a root
parasite

Campbell, 1964 

Neottia spp. Eurasia Variety of fungi 
isolated from orchids
with Thanatephorus

Summarized by
Rasmussen, 1995 

Neottia nidus-avis France ECM Sebacinoid
fungus

Selosse et al., 2002

Neottia nidus-avis In Fagus sylvatica 
woodland in UK and 
Germany

Ectomycorrhizal
Sebacina spp. 
identified by ITS and 
RFLP sequence 
analyses

McKendrick et al.,
2000

Rhizanthella
gardneri

Only under the shrub 
Melaleuca uncinata in 
Western Australia

Rhizoctonia species
isolated from orchid
with a Thanatephorus
teleomorph

Warcup, 1985;
Dixon et al., 1990 

Tipularia Deciduous forest in 
Maryland,USA

Requires woody debris 
for germination

Rasmussen & 
Whigham, 1998 

Yoania australis Under Beilschmiedia
trees, New Zealand

May be Lycoperdon (a 
saprophytic puffball) 

Campbell, 1970 
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1.4.2. Orchid Seed Germination 

A. Symbiotic and asymbiotic germination 

Typical orchid seeds are minute, and range from 0.05 to 6 mm in length and 0.341 to 24 

g weight per seed (Arditti & Ghani, 2000). The embryo may consist of only 3 to 4 

cells (Leake, 1994), containing food storage primarily in the form of oil and starch 

(Arditti & Ghani, 2000). The minute size of these seeds results in insufficient reserves 

for establishment so an external supply of nutrition is required (Arditti, 1967; Peterson 

et al., 1997). In sterile culture conditions, simple sugars are obtained from the substrate 

or transported into seedlings by a fungus which breaks down complex compounds into 

simpler substances available to the orchid seed (Hadley, 1982). 

While most orchids can germinate and develop normally in artificial media (Harvais & 

Hadley, 1967; Hadley, 1982), attempts to asymbiotically germinate myco-heterotrophic

orchids normally are unsuccessful as the substances provided by the fungal symbiont

may not be replaced by media alone (Hadley, 1982; Burgeff, 1959). Nakamura (1982) 

succeeded in germinating the achlorophyllous orchid Galeola septentrionalis axenically

but only early stages of growth could be obtained without the involvement of fungi.

In comparison with asymbiotic culture, faster development usually occurs when 

terrestrial orchid seeds are co-cultured with their fungal symbiont (Harvais & Hadley, 

1967). However, this is not the case with achlorophyllous orchids. Germination did not 

occur in chlorophyll-deficient species such as Galeola septentrionalis and R. gardneri

when grown symbiotically (Terashita, 1985; Warcup, 1985). Seeds of achlorophyllous 

require a fungal symbiont during early germination. However, further growth and 

development of myco-heterotrophic orchids seem to also require this fungus to have

connections with a neighbouring plant (or organic substrate) from which they acquire 

nutrients. This was confirmed by Warcup (1985) and McKendrick et al. (2000) who 

germinated myco-heterotrophic orchids (Rhizanthella gardneri and Corallorhiza trifida)

in the presence of a primary host plant (Melaleuca and Salix or Betula) that was 

colonized by a shared mycorrhizal fungus.
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B. Seed germination in nature

The small size of the seeds creates a problem in the study of achlorophyllous orchids in 

nature since they cannot be traced in their underground phase until flowering, thus

information regarding the timing of germination and how long it takes for them to reach

maturity is poorly understood. What we know about orchid seed germination to date is 

primarily derived from chlorophyllous species grown in axenic culture.

The understanding of seed germination of terrestrial orchid in nature has improved since 

the seed burial technique developed by Rasmussen & Whigham (1993) and Masuhara & 

Katsuya (1994) was introduced. This method uses retrievable seed packets that have 

successfully revealed the chronological development and population dynamics of 

orchids in their natural environments (Taylor & Bruns, 1999; Mc.Kendrick et al, 2000,

2001; Batty et al, 2001). Under natural conditions, germination follows symbiotic

infection, but seeds must be imbibed before infection is possible (Masuhara & Katsuya, 

1994; Batty et al., 2001; Rasmussen, 2002). Protocorms are formed after infection and 

the plant shoot starts to grow, followed by the first true roots and above ground leaves 

as photosynthesis starts. In many species, the next step is the development of a tuber, to 

survive a period of dormancy before continued plant growth and maturation

(Rasmussen, 1995). 

New recruitment of orchid seedlings depends on the presence of suitable fungi in the 

wild. However, both fungi and orchids require suitable habitats to achieve successful

establishment (eg. proximity to a certain tree, particular substrate, etc.) (Rasmussen,

2001). Seasonal and spatial variations in seedling recruitment occur within orchid 

species or even individuals (McKendrick et al., 2002; Batty et al., 2001). In an in situ

germination study of a myco-heterotrophic orchid Neottia-nidus avis, McKendrick et al.

(2002) suggested that the new recruits of this orchid commenced in spring and mostly

occurred in close proximity to adult plants where specific fungi occur. The absence of 

the orchid from otherwise suitable habitats is probably correlated with patchy 

distribution of its mycorrhizal fungi, which in turn require suitable substrates. A similar

case occurred with a West Australian species, Caladenia arenicola (Batty et al., 2001), 

where leaf litter depth and the availability of soil phosphate were also correlated with 

the number of germinated seedlings, in addition to the presence of adult plants. These 

studies provide valuable information on the distribution pattern of orchid mycorrhizal
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fungi and allow us to assess the suitability of potential sites for terrestrial orchid 

establishment.

1.4.3. Host-fungus Compatibility

Adult plants of orchids are also mycorrhizal but more variable in the extent and the 

nature of colonisation (Ramsay et al., 1986; Smith & Read, 1997). The confinement of 

fungi to hyphal coils in certain cortical cells of suggests that orchids have an ability to 

regulate the invasion of fungi (Weber & Webster, 2001). A balanced association must

be maintained for the association to survive. If one partner becomes more vigorous than 

the other, the symbiosis would end in the death of orchid, fungus, or both (Harley & 

Smith, 1983; Garrett, 1970). 

The control mechanisms of compatibility in the orchid-fungi interactions remain unclear 

(Smith & Read, 1997; Leake, 1994). However, it closely resembles the host-pathogen 

interaction when the defence reaction is activated against parasitic fungal invasion. The 

host actively responds by releasing antimicrobial substances together with localised cell 

death to prevent further invasion (Smith & Read, 1997; Beyrle, 2001). In the 

Orchidaceae it is suggested that the fungus alters its metabolism and plant-tissue 

destroying enzymes are not produced after the establishment of infection. Instead of 

employing defence reactions, an unknown controlling mechanism may be engaged. This 

possibility is supported by the fact that orchids have a strong specificity with their 

fungal partner and other closely related fungi can cause pathogenic interactions 

resulting in the death of protocorms. The outcome of an association is also dependent on 

the nutrients available to the symbionts, as moderate nutrition is most favourable for the

establishment of compatible mycorrhizas, since otherwise compatible fungi can become

parasitic on orchids when nutrients are abundant (Rasmussen, 2002; Beyrle, 2001). 

Thus, fungi which are compatible in nature can become parasitic on orchids in the 

media used for in vitro culture (Beyrle, 2001).

1.4.4. Host-fungus Specificity 

Orchid-fungus specificity has been a subject of investigations concerning the 

geographical distributions, ecology, host-fungi interactions, phylogeny and evolution of 

both partners (Rasmussen, 1995). Brundrett (2002) suggested that mycorrhizal fungi 
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may not be able to recognise roots of different plants and concluded that the plant 

primarily regulates specificity. The concepts of potential specificity and ecological

specificity are used to explain differences in host-fungus specificity for orchid seed 

germination in the laboratory (in vitro) and in natural ecosystems (in situ) (Masuhara & 

Katsuya, 1994; Rasmussen, 1995; Perkins et al., 1995). For example, Perkins et al.

(1995) studied two Australian terrestrial species Pterostylis acuminata and Microtis

parvifolia in the laboratory and in the wild. Whereas only a few species of fungi were 

associated with these orchids in the wild, several additional fungi formed associations 

with them in the laboratory. Thus, apparent specificity in vitro seems to be wider than

actual in situ specificity for this orchid. Some orchids may be rare because they have a 

narrow specificity compared to a common species (Rasmussen, 1995). When a recovery 

program is to be carried out, orchid seed germination should also be tested by in situ

germination assays since laboratory results may not be reliable (Rasmussen, 2002).

Some studies have reported that fungi isolated from adult orchids (such as Gastrodia

elata) may not promote seed germination (Xu and Mu, 1990). These orchid species vary 

in their fungal specificity over their life span (Rasmussen, 2002). However, this 

situation seems to be rare in Australian terrestrial orchids where fungi isolated from 

adult orchids usually successfully germinate seedlings in sterile culture (Ramsay et al.,

1986; Batty et al., 2000). Achlorophyllous orchids demonstrate the highest degree of 

host-fungus specificity, as most are considered to associate with a single species of 

fungus (Table 1.1). 

1.4.5. Achlorophyllous Orchids

Orchid plants are generally thought to be heterotrophic or depend on fungal infection 

during their early growth. However, further growth of different species may also require

associated fungi according to its degree of dependency that ranges from facultative to 

obligate (Rasmussen, 1995). Chlorophyll can be detected in photosynthetic species 15 

days after sowing in axenic culture, and photosynthetic activity reaches its peak after 

20-60 days (Arditti & Earnst, 1984). Green orchids may have less dependency to their 

fungal symbionts for energy once they have leaves. Nevertheless, it is considered likely 

that some degree of myco-heterotrophy continues in adult terrestrial orchid plants 

(Rasmussen, 1995). Instead of the heterotrophic lifestyle of chlorophyllous orchids, 

achlorophyllous species of orchids are nourished entirely by associated fungi. The term 
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myco-heterotrophy is given to plants with this mode of nutrition (Leake, 1994; Smith & 

Read, 1997). The Orchidaceae has the largest number of achlorophyllous species of any 

plant family and these highly specialised associations have arisen independently in 20 

separate orchid lineages (Leake, 1994; Molvray et al., 2000; Brundrett, 2002).

Most myco-heterotrophic plants are achlorophyllous and may occupy dark or shady 

environments where their ability to exploit sources of carbon nutrition unavailable to

other plants would be most advantageous (Leake, 1994; Brundrett, 2002). The loss or 

reduction of both leaves and roots in myco-heterotrophic achlorophyllous orchids result 

in limited capacities for photosynthesis or direct uptake of water and nutrients. 

Consequently, these species are entirely dependant on mycotrophic support by a specific 

fungal partner (Leake, 1994; Bidartondo et al., 2002; Brundrett, 2000). This makes this 

group of plants one of the most vulnerable because they have a restricted distribution, 

occupying areas with minimal light, high humidity and abundant leaf litter. It has been 

suggested that their restricted distributions result from their highly specific relationships 

with mycorrhizal fungi, as they only occur in vigorous patches of a particular fungus 

(Rasmussen, 1995; Brundrett, 2002). Myco-heterotrophic plants are never dominant in 

natural ecosystems and many are rare (Brundrett, 2002). 

1.4.6. Tripartite Associations 

As summarised above, myco-heterotrophic orchids are extremely dependent on a single 

species of fungus for the whole lifetime. The majority of tripartite associations of myco-

heterotrophic plants, such as Corallorhiza, involve ECM forming fungi (Table 1.1).

Both VAM and ECM fungi have a built in capacity to support myco-heterotrophic

plants (Brundrett, 2002). It is believed that when they are linked by a common fungal 

partner the orchid is indirectly epiparasitic on the ECM plant (Warcup, 1985; Harley & 

Smith, 1983; Garrett, 1970). However, Leake (1994) cautioned that the role of the fungi 

in these associations remains uncertain.

A recent investigation of nutrient transfer in tripartite associations utilised an artificial 

microcosm system in where seedlings of a coralroot orchid (Coralorrhiza trifida) were 

grown in soil in a tripartite system with green plants labelled with isotopes (Salix repens

and Betula pendula) and their ECM fungi (McKendrick et al., 2000ab). This study 

confirmed that growth of this achlorophyllous orchid was supported by carbon supply 
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derived from an autotrophic partner through a shared mycorrhizal connection. This 

study confirmed that the orchid was indirectly parasitic on these trees since the carbon 

flow only occurred in one direction. The only benefit to fungi that associate with myco-

heterotrophs that has been proposed is that these plants may provide a refuge for fungi 

when they are inactive (Rasmussen, 1995).

Rhizanthella gardneri is also believed to be part of a triple symbiosis, where the same

fungus forms an ECM association with an autotrophic plant (Melaleuca uncinata) and

the orchid mycorrhiza, which is essential for the survival of Rhizanthella (Warcup,

1985; Dixon et al. 1990). However, further detailed investigations of the specificity and 

physiology of Rhizanthella and its mycorrhizal associate(s) are required.

1.5. Rare Orchids 

It is believed that many orchid species are rare due to biological factors that result in a 

high degree of habitat specificity (Burgeff, 1959; Batty et al., 2002). The Orchidaceae is 

considered to be the most highly evolved and rapidly speciating flowering plant family

(Dressler, 1993, Molvray et al., 2000). The rapid evolution of terrestrial orchid may

explain their highly specific biological interactions with insect pollinators and

mycorrhizal associates. Thus, any factors that influence associated organisms will also

affect the survival of orchids (Batty et al., 2002).

Conservation actions are urgently required for many species of rare orchids due to rapid 

destruction of their natural habitats (Hàgsater and Dummont, 1996; Koopowitz, 2001). 

An attempt to reintroduce rare species is often restricted since it requires a thorough 

knowledge of the species (ecology, physiology, genetics etc.) and sufficient funding and 

technical ability for conservation efforts.
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1.6. Rhizanthella gardneri - the Western Australian underground orchid 

1.6.1. General Features 

Rhizanthella gardneri, one of the most unique Western Australian orchids, has an 

achlorophyllous habit with the ability to live and flower underground for its entire 

lifetime (Dixon & Pate, 1984). This rare species only occurs in certain habitats in the 

Southwest of Western Australia (see Section 1.6), presumably due to its specific 

relationship with a mycorrhizal fungus, which in turn is dependant on the single shrub 

species Melaleuca uncinata (Warcup, 1985; Dixon et al., 1990).

Conservation of this orchid in situ is the only way to maintain its presence in nature, but 

rapid destruction of its habitat has been a significant threat to its presence in the wild 

and the quality of its remaining habitats are declining (Brown et al., 2003). Study of this 

orchid has been hindered by the difficulty in locating them in the wild, since they grow

and flower below ground (Dixon & Pate, 1984). Conservation of this species is a 

complex task requiring a full understanding of the impact of environmental factors on 

each component involved in the life cycle of this orchid (both plant species and their

shared fungal associate, as well as pollinating and seed dispersal agents). Information

gained from the study of the underground orchid is urgently required to improve the 

management of this rare species (Brown et al. 2003). 

1.6.2. History 

The discovery of the western underground orchid is well documented by George (1980) 

and Dixon et al. (1990). The genus Rhizanthella is represented by two species, both of 

which are endemic to Australia. Rhizanthella gardneri occurs in Western Australia

while its counterpart R. slateri is only known from a few locations in south-eastern 

Queensland and central eastern New South Wales (Brown et al., 2003). Rhizanthella

gardneri was first discovered by John Trott in 1928 near Corrigin and described by 

Richard Roger in the same year (George, 1980). Between then and 1959, six more 

populations were accidentally discovered during ploughing of recently rolled and burnt

bushland in the Wheatbelt of WA. The orchid was rediscovered in 1979 by John 

McGuiness at Munglinup 300 km south of previously known locations (George, 1980). 

This was part of surveys involving the Western Australian Native Orchid Study Group 
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in 1981, 1982, 1985 and 1989 but no further population have been located since then 

(Dixon et al., 1990).

1.6.3. Species Description 

Rhizanthella gardneri usually occurs within 20 cm of the shrub M. uncinata and flowers 

just below the soil surface close to major roots of M. uncinata (Dixon et al, 1990). The 

description of the orchid provided below is based on George (1980) and Dixon et al.

(1990). The stem tubers of this orchid are thick and cylindrical, 1–2 cm in diameter and 

up to 5 cm in length. They have a fleshy structure and are covered with trichomes. The 

inflorescence is formed terminally on tubers just below ground level (Fig. 1.2A). The 

flowers are enclosed by 2 rows of 6 to 19 cream or pinkish-cream bracts which closely

embrace the capitulum if it is not uncovered, but soon become reflexed when plants are

excavated (Fig. 1.2. A-C). The flower head (capitulum) varies in width from 2 to 5 cm 

and contains 25–120 spirally arranged, inward facing, small red flowers (Fig. 1.2BC). 

The sepals and petals of flowers are free at the apex, but remain closely imbricate to 

form a hood over the column (Fig. 1.2D left). The lip has a semi-circular structure with 

a maroon recurved apex and the column is 2–2.5 mm high, terete, thick and fleshy (Fig. 

1.2D right). If pollination and maturation are successful, the capitulum contains a 

cluster of fruit which are indehiscent berries (Fig. 1.2E). Each berry is fleshy and 

contains 20–150 seeds that take 6-7 months to mature (Fig. 1.2F-G) (Dixon et al.,

1990).

Figure 1.2. Floral features of the Western Australian underground orchid (R. gardneri).

Appearance of Rhizanthella gardneri flower heads after partial excavation (A-C). The

capitulum contains numerous spirally arranged red small flowers (BC). A single flower 

is shown intact (D left) and with petals and sepals removed (D right). Fleshy fruits (E) 

contain many seeds (F-G). Photos by S.Yamaguchi (A,C), M. Brundrett (B,E,F) and 

Bert & Babs Wells/CALM (D). 
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1.6.4. Biology and Ecology 

The flowering shoots of R. gardneri begin to grow in April and reach maturity in mid to

late May. The flowers open within two weeks and remain open for several days each 

(George, 1980). When flowering, the bracts sometimes enlarge to such an extent that 

their tips force their way through litter creating a partial opening that might become a 

channel for insects to pollinate the flowers. Several insects have been recorded as 

potential pollinating agents of this orchid, including the fungus gnat Megaselia

(Phoridae) (George, 1980), another fungus gnat in the family Cecidomyiidae, a wasp 

(Bracomidae) and possibly termites (Drepanotermes) (Dixon et al., 1990). Pollination

by a small fly (likely a fungus gnat) was captured on film by Susumu Yamaguchi in 

2002.

Unlike most other orchids, the seeds of R. gardneri are too large for efficient seed 

dispersal by wind and their production below ground makes this unlikely. Seed 

dispersal of this orchid remains speculative, but may involve small animals which feed 

on the fleshy capsules and the seeds passing through it in the faeces (George, 1980). 

Another possibility is that seeds are collected by ants or termites, but this has not been

observed (Dixon et al., 1990). Both the fruit and large seeds are unusual amongst 

orchids (Arditti & Ghani, 2000), as they remain fleshy at maturity.

1.6.5. Rhizanthella slateri, the eastern underground orchid 

Rhizanthella slateri is the sister species of. R. gardneri and occurs in New South Wales

and Queensland. It grows in sclerophyllous forest and woodland dominated by various

myrtaceous trees and shrubs, particularly Eucalyptus spp, Melaleuca spp., Tristaniopsis

laurina and Syncarpia glomulifera (Pridgeon et al., 2001). This orchid was known as 

Cryptanthemis slateri until a morphological study placed both in the genus Rhizanthella

(Clements et al., 1984). Rhizanthella slateri was first discovered by E. Slater in 

November 1931 in New South Wales and has recently been found near the original type

locality on the slope of Alum Mountain in New South Wales (Dixon, 2003). It flowers 

about 2 cm beneath the surface in October (George, 1980). They form clones, as does R.

gardneri. Another saprophytic orchid, Dipodium punctatum, occurs in the same habitat,

but no direct association between these orchids has been established (George, 1980).
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Flowers of Rhizanthella slateri are waxy white with red blotches on the petals (Fig. 1.3 

A-C). The bracts of the peduncle and involucre are more numerous than in R. gardneri,

while the petals and sepals are free. The fruit is fleshy and the seeds are black (Fig. 1D).

1.7. Threats to R. gardneri Populations 

Threats to the survival of this orchid, identified by Dixon & Pate (1984) and Brown et

al. (2003), include both natural and human interference.

Fire: The effect of fire on M. uncinata has been studied (Brown et al., 2002). Hot fires 

cause approximately 20% of adult plants to be destroyed and regeneration from 

lignotubers can be very slow. Melaleuca uncinata requires at least 4 years after 

fire before flowering. The impact of fire on R. gardneri is unknown, but indirect 

impacts due to reduced fungal activity while M. uncinata recovers would be 

expected. A known habitat of the underground orchid at Cheadanup Nature 

Reserve was found not to support flowering orchids 5 years after fire, but it is not 

know if they are permanently lost from this site. 

Lack of suitable habitat: Natural establishment of new populations is limited by lack 

of suitable habitat and large gaps between existing habitats (fragmentation). This 

also decreases the chance of finding suitable sites for translocation. Land clearing, 

habitat stress and remnant vegetation fragmentation in the Wheatbelt region is 

amongst the highest in Australia (National Heritage Trust, 2001). 

Habitat degradation: Some of the thickets of M. uncinata where the orchid occurs are 

dying back from the edges, presumably due to due to drought or rising saline 

water tables.

Figure 1.3. Flowers of the eastern underground orchid (Rhizanthella slateri) from New 

South Wales. The capitulum and flowers are lighter in colour than R. gardneri (A-C).

The seeds were approximately the same size as R. gardneri, but darker in colour (D). 

Photos by D. Banks (A-C) and A. Batty (D). 
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Soil compaction: Poor flowering and growth of R. gardneri may be caused by reduced 

leaf and bark litter accumulation due to habitat decline, which seems to result in

increased soil compaction.

Drought: Very low rainfall in 2001-2002 in the central Wheatbelt is believed to be a 

major threat to the habitat of R. gardneri. Rainfall data is presented in Table 2.3-4. 

Human damage: Searching for the orchid for research purposes require some alteration 

of the habitat, especially by mixing leaf litter with the soil. This may result in

compaction and the drying out of the area where the orchid occurs. Road and fire-

break maintenance have resulted in substantial habitat damage in one southern 

population.

Poor recruitment: Relatively few plants were located in our surveys in 2001–2002 in 

contrast to earlier surveys of the same habitats in the 1980s (see Table 2.1). It is

suspected that this reflects a lack of recruitment of new orchids, but it could also 

result because environmental conditions were not suitable for flowering. It is very 

difficult to assess population density of these orchids, which may be capable of

surviving belowground for years without flowering.

Nutrient runoff from farmland and weeds: Soil eutrophication occurs in some low-

lying central Wheatbelt habitats, similar to those where M. uncinata occurs. This 

results from the use of fertilizer in the adjacent farmland and the absence of

buffers around reserves. Eutrophication may lead to alteration of species 

composition in the affected areas through the introduction of weeds and by 

encouraging growth of particular native species to the exclusion of others. 

Animal grazing: Rabbits have been recorded as a threat to this orchid in Babakin, but 

their impact seems to be negligible in other sites. Native animals such as bandicoots

consume the subterranean organs of other orchids, but this has not been reported for 

Rhizanthella. Assessment of the impact of animals requires further monitoring.
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1.8. Objectives and Thesis Structure 

As discussed in above, reduction in habitat quality and extensive clearing and 

fragmentation of suitable habitats in the wheatbelt of WA are significant threats to the 

conservation of the underground orchid, Rhizanthella gardneri. The rarity of this orchid, 

probably also results from its extremely specific habitat requirements, due to its 

relationship with a particular mycorrhizal fungus in particular stands of Melaleuca

uncinata.

Since its discovery at the beginning of the century, the underground orchid has been a 

subject of great interest. However, very little is known about the biology or ecology of 

this unique species. In particular, we require the capacity to identify and manipulate the 

fungal symbiont of this orchid to assist this orchid to survive in nature. The pioneering 

work of Jack Warcup (1985, 1991) resulted in the first synthesis of mycorrhizal plants 

and provided a tentative name for the associated fungus. However, much more work is 

required to understand the nature of the tripartite association between R. gardneri, M.

uncinata and their shared fungus. Experimental synthesis of this tripartite association 

can provide deeper insight into the nature of orchid–fungus interactions. The 

identification of this fungus is now possible with much greater accuracy due to modern

advances in molecular techniques which can clearly resolve taxonomic relationships 

within the Rhizoctonia alliance.

The general aim of this project was to increase our understanding of the biology of the 

underground orchid R. gardneri by providing information about its mycorrhizal fungus 

and its relationship with the companion plant M. uncinata. This information is an 

essential component of a recovery program that will be carried out in the near future 

Brown et al. 2003). Rhizanthella slateri was also included in these studies for

comparison.

The current status of the Western Australian underground orchid is presented in the 

second chapter as a result of a survey of all its known habitats in 2001-2002. 

The third chapter concerns the identity of fungi isolated from field populations. The

genetic diversity and phylogeny of the Rhizoctonia isolates from R. gardneri along with 

several related orchid fungi were investigated through the analysis of DNA sequences.
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Chapter four presents a comparative study of growing media for fungi isolated from 

orchids. This research aimed to optimise in vitro growing conditions to propagate fungal 

material used to germinate and grow terrestrial orchids.

Chapter five presents results of germination trials with the underground orchid using its 

fungal symbionts. The aim of this investigation was to develop efficient means for the 

propagation of this orchid either by in vitro culture of the orchid and fungus alone in the

laboratory, or ex situ (glasshouse) tripartite growing systems using Melaleuca uncinata 

as a primary hosts for these fungi.

Results of bioassay experiments using field soil or laboratory cultured fungi as 

inoculum are presented in Chapter six. Several different methods of fungal production 

were compared for the inoculation of Melaleuca plants with the fungal partner of the 

underground orchid. 

A general discussion and the conclusions from this project are presented in the final 

chapter.
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CHAPTER 2 

CURRENT STATUS OF RHIZANTHELLA GARDNERI

2.1. Locations 

Surveys of underground orchid populations were carried out in 2001 and 2002 at all 

known habitats. Details of the survey are presented in Table 2.1. Three northern 

populations occur near Corrigin, the location of the first discovery of the underground 

orchid in 1928, 235 km southeast of Perth (Section 1.6.2). The southern populations (4-

6) near Munglinup are 300 km south of Corrigin and approximately 500 km southeast of 

Perth. Precise locations where this critically endangered plant occurs cannot be

provided. In most cases, the underground orchid was restricted to dense patches of 

almost pure stands of mature M. uncinata, but it also occurred in a more diverse habitat 

where M. uncinata is codominant with other shrubs at the Oldfield River site. These

sites are illustrated in Figure 2.1. 

Table 2.1. Number of individuals of Rhizanthella gardneri recorded from 6 localities in
Western Australia observed during surveys in 2001 and 2002. Historic population 
records for these habitats (Dixon and Pate 1984) are included for comparison (italics).

Pop. No. & 
location

Year No of
plants

Condition of
plants

Threats

1. Babakin 1982
2001
2002

110
15
10

Relatively good Drought, soil compaction, possible
rising saline water table, degraded
habitat

2.West of
   Babakin

1982
2001
2002

6
4
2

Good Drought, soil compaction, future
rising saline water table, degraded
habitat, habitat damage during
searches

3. Kunjin 1982
2001
2002

38
2
3

Poor Drought, soil compaction, future
rising saline water table, degraded
habitat, habitat damage during
searches

4. Oldfield
    River

1982
2002

4
2

Destroyed (3A),
Good (3B)

Drought, road and firebreak
maintenance, habitat damages during
searches. The original habitat (3A)
was destroyed by firebreak
construction in early 2003. It is likely
that additional underground orchids
are present across the road (3B) but a 
survey of this area is required.

5. NW of
    Munglinup

1982
2002

4
0

Drought, inappropriate fire, firebreak
maintenance This site was burned 5
years before and is not yet become
suitable habitat.

6. NW of
    Munglinup

1982
2002

10
2

Good Drought, weeds clearing, firebreak
maintenance
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2.2. Distribution and Habitat 

Rhizanthella gardneri typically inhabits undisturbed mature thickets of 1.5–2.3 m tall 

broom honey-myrtle (Melaleuca uncinata), as is shown in Figure 2.1. The soils of its 

habitat are duplex, consisting of sandy clay to sandy loam, frequently with a gritty 

texture, over a clay subsoil. They consist of less than 2 % (by weight) fine organic 

matter, have relatively high level of iron and sodium ions, but have comparatively low 

levels of potassium, nitrogen, phosphorus, zinc and copper for WA soils (Dixon et al.,

1990).

Table 2.2. Number of capsules and approximate numbers of seed harvested from 6 

populations of underground orchids in 2001 and 2002.

Number of capsules/sizeLocalities Date of
collection

Number of 
inflorescences Small Medium Large

Seeds

R. gardneri 
Babakin 5 Oct 2001 1 379
Babakin 13 Nov 2001 2 13 2 11 336
Kunjin 13 Nov 2001 1 23 0 0 0
Sorensons 5 Oct 2001 1 120
Sorensons 13 Nov 2001 2 7 3 3 90
Oldfield
River

19 Sept 2002 1 0 0 0 0

Munglinup 19 Sept 2002 1 0 0 0 0
Babakin 28 Oct 2002 2 3 4 2 1,000
Kunjin 28 Oct 2002 2 2 3 4 1,500
R. slateri 
Alum Mt. 
NSW

June 2002 1,000

Total number of seeds 4,415

Fig. 2.1. Typical habitat where the Western Australian underground orchid (R.

gardneri) occurs in (A) northern (Babakin) and (B) southern (Munglinup) populations. 

The Melaleuca shrubs under which the orchid flowered were tagged for easier 

relocation (C). The orchid was found just below the soil surface at the base of M.

uncinata (D-G). Photos by Mark Brundrett. 
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2.3. Climate 

During 2001-2002 in Corrigin, the rainfall was just over 300 mm in 2001 and just over 

200 mm in 2002, in contrast with the average annual rainfall for this region which is 

500-600 mm (Fig. 2.2). There also was severe drought at the southern populations near 

Munglinup in 2002 (Fig. 2.2).  Rainfall and temperature patterns for a normal year and 

the two years of this study are presented in Figure 2.3. There was very little rainfall 

during the periods of flowering or seed set for the underground orchid on those years.

2.4. Orchid Seed Collection 

During the first survey in May 2001 Melaleuca bushes with orchids underneath them

were tagged (Fig 2.1C) and GPS positions recorded. Plants were located by scratching

away leaf litter under M. uncinata in known habitats of the orchid. Flowering plants

were revisited in October 2001 to assess capsule production. Some of these had fleshy 

capsules, but others had dried out before seed set. Some capsules were left at the sites to

develop further and others were harvested. The harvested capsules were placed in paper

envelopes and taken to Botanic Garden and Parks Authority (BGPA) for storage in the

refrigerator (5°C). Some capsules were colonised by a grey fungus so were dried in a 

laminar flow hood for 3 hours before seeds were harvested. A third trip to Babakin in 

mid November 2001 failed to recover more seeds, as the remaining capsules were 

severely affected by drought. More seeds were obtained from the populations near 

Babakin in 2002. An attempt to find seeds from the populations on the South coast of 

Western Australia in 2002 was not successful since all the flowering plants observed in

June had desiccated prematurely as a result of the severe drought that year.

Details of seed collections of the underground orchids are presented in Table 2.2. The 

number of seeds in each capsule varied according to size. The smallest capsules

contained as few as 27 seeds, while the largest ones contained as many as 138 seeds.

 29



A

0

10
0

20
0

30
0

40
0

50
0

60
0

Annual rainfall total (mm)

C
O

R
R

IG
IN

AR
D

AT
H

B

0

10
0

20
0

30
0

40
0

50
0

60
0

70
0

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

Ye
ar

O
LD

FI
E

LD
 L

O
C

 1
02

0 
C

O
M

P
.

M
U

N
G

LI
N

U
P

 M
E

LA
LE

U
C

A
M

U
N

G
LI

N
U

P
 S

TA
TI

O
N

Figure 2.2. Rainfall records for the past 22 years from weather stations near (A) 

northern and (B) southern populations of the underground orchid (Rhizanthella

gardneri) (Western Australian Bureau of Meteorology).
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CHAPTER 3 

IDENTIFICATION OF FUNGAL ENDOPHYTES 

ASSOCIATED WITH UNDERGROUND ORCHIDS 

3.1. Introduction 

Mycorrhizal fungi are required for germination and growth of orchids in nature (Hadley, 

1982; Rasmussen, 1995). The fungi are typically found in the root or rhizome cortex of 

orchids in the form of hyphal coils (pelotons) (Currah et al., 1997; Peterson et al.,

1998). The majority of peloton forming fungi associated with orchids belong to the 

form-genus Rhizoctonia, a member of subdivision Basidiomycotina (Section 1.4.1). The

genus Rhizoctonia contains an assemblage of taxonomically diverse fungi consisting of 

highly variable wide-spread taxa that can be parasitic on many different hosts (Roberts, 

1999).

Distinguishing between strains of Rhizoctonia from orchids is difficult due to the usual

lack of sexual structures (the teleomorph) in culture (Tu & Kimbrough, 1975; Currah et

al., 1997). These sexual fruiting bodies are used to identify most Basidiomycete fungi 

(Currah et al., 1997). Consequently, identification of Rhizoctonia strains often relies on 

cultural morphology, pigmentation, branching pattern, the presence of monilioid cells

and other morphological characters. To some extent this method is useful, but the result 

is not reliable due to inconsistent features that are affected by the nutritional

environment. so other criteria for identification are also required (Currah et al., 1997). 

Moore (1987) divided the anamorphic genera of Rhizoctonia into the groups,

Rhizoctonia DC, Moniliopsis Ruhland, Ceratorhiza Moore and Epulorhiza Moore,

based on the vegetative cell, nuclear status and septal ultrastructural features. This

scheme has been used by many researchers to identify orchid mycorrhizal fungi.

Cytological features such as nuclear number and hyphal septation can be studied 

through fluorescence staining techniques (Yang et al., 1991; Cooke et al., 1987).

A number of biochemical approaches have also been used to separate orchid 

Rhizoctonia fungal strains. For example, Marchisio et al. (1985) characterized fungi

from European orchids by the cytochemical tests of Tu & Kimbrough (1975). This 
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method uses colour reaction with various indicators including IKI (starch), IKI-H2SO4

(cellulose) and Alloxon-Schiff’s (total protein). Tannic acid medium and cellulose azure 

methods with similar principles were also used by Zelmer et al. (1996) for

differentiating fungi from terrestrial orchids. Pectic zymogram methods have been 

shown to be one of the most reliable methods in pathogenic fungal identification,

providing comparisons among pathogenic Rhizoctonia isolates (Sweetingham &

MacNish, 1994). Zymogram grouping are well correlated with morphological features, 

nuclear status, teleomorph, anastomosis and pathogenicity groupings of Rhizoctonia

(Sweetingham & MacNish, 1994)

The recent development of molecular biology techniques has had a great impact on the 

systematics of fungi. Molecular based approaches have become routine for strain 

characterization, pathogenicity detection and identification (Bridge, 2002). DNA -based

identification techniques have been shown to be powerful in distinguishing intra-

specific variation of species among the Rhizoctonia complex of orchid mycorrhizal

fungi (Sen et al., 1999). Molecular characterization by sequencing of the ITS region of 

ribosomal DNA allows effective identification and classification of members of the 

Rhizoctonia complex comparisons with published sequences of other orchid fungi.

(Saunders & Owen, 1998; Gonzáles et al., 2001). 

The aim of this study was to identity Rhizoctonia isolates from underground orchids and 

investigate their genetic diversity. The genetic diversity of fungi originating from R.

gardneri from different localities was contrasted with fungi from its sister species R.

slateri from eastern Australia and isolates from other orchid genera to indicate the 

relatedness of these fungi across their geographical ranges. The identity of the fungal 

isolates was established using general morphological features and DNA-based methods.

A fungus associated with ectomycorrhizal M. uncinata roots in a glasshouse synthesis 

experiment were also identified to confirm that this was same fungus that was 

inoculated into pots. Initially three different identification methods were used in this 

study: morphological studies, molecular methods and pectic zymograms. However, only 

results from the first two methods are presented here. 
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3.3. Materials and Methods 

3.3.1. Fungal Isolations Rhizomes

The material used in this study was isolated from rhizome segments collected from 

under flowering plants of R. gardneri during the survey in June 2001 and June–July 

2002 from near Corrigin and Munglinup (Table 2.1). The endophytes of R. gardneri

were isolated through direct plating of sections of the orchid’s rhizome (Warcup & 

Talbot, 1966) and by the standard protocol for isolation from individual pelotons under 

sterile culture conditions (Rasmussen, 1995). 

Isolation of fungi occurred within on day of collecting samples which were refrigerated 

before use. These rhizomes were first washed gently under running water to remove soil 

and other debris. They were then surface sterilized by three rinses in sterilized distilled

water to reduce contaminants. Peloton extraction was carried out under sterile 

conditions in a laminar flow cabinet under a dissecting microscope. The rhizome was 

cut open longitudinally and pelotons were teased out of the cells using a scalpel. The 

pelotons were transferred to fungal isolation media (FIM) (Clement & Ellyard, 1979) 

(see Chapter 4) after 6 rinses in droplets of sterile water using a glass micropipette,

constructed by stretching a fine Pasteur pipette over a flame. The medium was amended

with the antibiotic streptomycin sulphate 0.01M to reduce bacterial contamination. All 

isolates were maintained at 20ºC in the dark. Pure isolates were obtained by 

subculturing the colonies from a single peloton onto fresh plates (Table 3.2). Portions of 

fungi for the genetic study were subcultured into a standard liquid medium (peptone 

broth).

3.3.2. Re-isolation from Roots of M. uncinata

Small samples of mycorrhizal roots were taken from the pots with well-developed

mycorrhizas (see Chapter 5). Isolation of the fungi from the ECM root tips following

the method used by Erland and Söderström (1990). The collected root tips were surface

sterilized using hydrogen peroxide for approximately 5 seconds followed by 3 rinses in 

sterile distilled water. The root tips were plated on water agar medium with an antibiotic

(0.01 M streptomycin sulphate) to reduce bacterial contaminants. Those fungi suspected 

to be orchid Rhizoctonia were subcultured onto fresh plates and incubated at room
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temperature. For DNA extraction, the fungi were grown in nutrient broth as described 

above.

3.3.3. General Morphological Features

A. Cultural morphology 

New cultures were initiated by a plug was cut from the growing margin of pure isolates 

transferred to a fresh Petri plate of full strength potato dextrose agar (PDA). These

cultures were maintained in a 20º C incubator. Colony diameters were measured every 

two days until the mycelia reached the edge of the Petri plates, with three replicates.

Colony colour was observed after four weeks (Roberts & Sivasithamparam, 1989) using 

the mycological colour chart of Rayner (1986). Hyphal structure was studied by 

observing a wet mount of a piece of mycelium placed in a drop of 0.1 % Trypan blue 

stain on a slide and squashed under a coverslip. The fungi were examined under the 

light microscope and the details recorded. 

B. Staining nuclei and septae 

Representative isolates of fungi were examined using the staining method of Yang et al.

(1991). The stock dye solution of Hoechst Dye 33258 (Calbiochem, La Jolla, CA

92037, USA) was made at pH 7.8 and 10.5 was stored at 3ºC and covered with 

aluminium foil. Sterile glass slides were immersed in PDA and placed on glass rods in a 

Petri dish containing moistened filter paper. A small agar block bearing mycelium of 

each isolate was placed in the middle of the slide and incubated in the dark at room

temperature until colony diameter reached approximately 15-20 mm as shown in Fig. 

3.1.

I

M

BA

Figure 3.1.  Diagrammatic representation of the method for cytological examination
using the nuclear and cell wall stain Hoechst Dye 33258. (A = staining with pH 7.8 dye
solution. B= staining with pH 10.5. I =Inoculum plug. M = mycelia of Rhizoctonia)
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After incubation, slides were placed in a laminar flow cabinet until the agar surface

dried. A drop of each staining solution was added to each side of the colony and cover

slips placed immediately over each of the drops (Fig. 3.1). The slides were observed

under a fluorescence microscope (Leitz, Wetzlar, Germany) with filter No. A (Code No. 

513569) and a HBO 200 W high pressure mercury arc lamp as a light source and 

photographs taken with a digital camera.

3.3.4. Molecular Methods 

A. DNA extraction

A simple and rapid method adapted from Cenis (1992) was used to prepare fungal

genomic DNA for PCR analysis.

Samples were removed from liquid media and placed in a sterile 1.5 mL 

eppendorf tube and centrifuged for 1 min at 5000 rpm.

The samples were washed with 500 μL Tris-EDTA (TE) buffer and pelleted

again by centrifugation.

Pelleted mycelia were blotted dry with paper towel and ground in a precooled 

eppendorf tube and pestle under liquid nitrogen until a fine powder was

obtained.

300 μL of extraction buffer was added to the sample and vortexed for 5 s.  150 

μL of 3M sodium acetate (pH 5.2) was added to the mixture and it was 

incubated at -20ºC for 20 mins followed by centrifugation at 14,000 rpm for 1 

min.

The supernatant was transferred to a fresh 1.5 mL eppendorf tube and an equal 

volume of isopropanol was added before incubation at room temperature for 10 

mins.

Precipitation of DNA was obtained by pelleting through centrifugation at 14,000 

rpm for 20 mins followed by a wash with 70% cold ethanol. 

The DNA pellet was air-dried in a laminar flow cabinet for approximately 2

hours then dissolved in 50 μL of TE buffer overnight at 4ºC. 

The DNA was quantified by measuring the absorbance at 260 nm on a Gene 

Quant II spectrometer.
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B. Polymerase chain reaction (PCR) 

PCRs were performed in a total volume of 50 L in a Hybaid OmniGene® Thermal

Cycler. Oligonucleotide primers specific for molecular studies of fungi, ITS 4 (5’-TCC 

TCC GCT TAT TGA TAT GC) and ITS1 (5’-TCC GTA GGT GAA CCT GCG G) 

were chosen from White et al. (1990) and obtained from Gene Work (Perth, Australia).

The PCR reactions were performed in a 50μL volume reaction consisting of 5 

L 10  DNA Polymerase Buffer (Invitrogen), 3 μL MgCl2 (50 mM, Invitrogen), 

50 ng of template DNA, 2 μL of dNTPs (100 M) (Invitrogen), 2.5 units of Taq 

polymerase (Invitrogen).1 μM at 100 pM/μL of primers ITS 1 and ITS 4 (Gene 

Work) and reverse osmosis water to make up to 50μL. 

The thermal cycler was programmed for 95ºC heating for 1 minute, followed by 

35 cycles of 95ºC for 1min, 50ºC annealing for 30 s, and 2 mins extension at 

72ºC. The last cycle was followed by an elongation step at 72ºC for 7 mins.

The PCR products were analysed by electrophoresis on a 1% agarose gel at 

80kV in 1x Tris Borate-EDTA (TBE) buffer. The gels were stained with 2 μL 

of ethidium bromide (0.625 mg/mL) and visualized and photographed on a UV-

trans illuminator.

C. ITS sequencing and sequence analysis 

PCR products were purified according to the QIAquick purification protocol (Cat. 

No.12500-100).

Sequencing reactions were carried out with reagents supplied with the ABI PRISM™ 

Dye Terminator Removal kit with AmpliTaq™ DNA Polymerase, (Qiagen). 

The following reagents were used: 

Terminator ready reaction mix V.3.0. 2.0 μL 

Template: purified PCR product, 20 to 40 ng 2.5 μL

Primer 3.2 p mol.

Water to 10.0 μL

Sequencing reactions were carried out in a Applied Biosystem GeneAmp™ PCR 

System 9700 thermalcycler with the following cycling conditions: 

96ºC, 10 secs; 50ºC, 5 secs; 60ºC, 4 mins; for 25 cycles. 
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The sequencing product was precipitated in 60% isopropanol and resuspended in 1.5 μL 

of loading buffer (5:1 de-ionized formamide: 25mmol/L EDTA (pH 8), 0.05 %

mass/volume blue dextran). The product was denatured at 90ºC for 3 mins, loaded onto 

6% thermopage acrylamide gels, and run on the ABIPrism 377XL sequencer (Applied 

Biosystems Industries-USA) for 4 hours. The electrophoresis of sequencing reactions 

was carried out by Mrs. Madeleine Parent and Ms.Robyn Taylor. 

The sequences were edited and aligned using the Sequencher 3.0 program (Gene Codes 

Coorporation Ann Arbor Michigan USA). Additional sequences of related taxa 

sequences published in GeneBank, found using BLAST search, were included in the 

alignment. A heuristic search with the maximum likelihood (ML) method was done 

with PAUP (Swofford, 1998) to construct a phylogram. Bootstrap analysis was used to 

construct a consensus tree.

3.4. Results

3.4.1. Fungal Isolation

Pelotons were common in all the samples of rhizomes of underground orchids. They 

were characterized by the yellow to brown compacted structures of hyphal mass (Fig 

3.1. A-B). Many of the pelotons were found to be degraded, especially those from the 

innermost cortex. Pelotons extracted from the rhizome showed activity within 3 to 6 

days after plating (Fig.3.2E). However, establishment of isolates varied between 8 to 12 

weeks. Once the isolates were established, hyphal growth was variable, ranging from 2 

to 4 weeks to cover the Petri plate (Fig.3.2F). Initially 48 isolates were successfully

obtained from the rhizomes of 5 individual adult plants of R. gardneri from 5 locations

and 2 isolates from R. slateri (Table 3.1.). Of these, 14 isolates from 2 individuals of R.

gardneri were successfully established and used in the subsequent study (Table 3.2), 

since no more growth were observed on the rest of the isolations before the end of the 

study.

No viable fungal isolates were derived from the limited material sampled the Kunjin, 

Old Field River or Dallinup Creek sites. One isolate from Dallinup Creek (M1) was

established, but it could not be included in further studies since only sufficient

mycelium for DNA extraction was obtained after months of growth. All the established
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isolates used in this study were also stored on agar slopes and cryopreserved in the 

germplasm storage facility at Botanic Garden and Parks authority (BGPA). 

Table 3.1. List of habitats and isolates obtained from underground orchids. Each row in 

the table contains isolates from one plant.

Host Number
of isolates 

Code Habitat Date of isolation 

R. gardneri 11 B2-B8 Babakin WA 6 June 2001 
R. gardneri 10 S2.1-S2.10 Sorensons WA 31 May 2002 
R. gardneri 10 K1-K10 Kunjin WA 31 May 2002 
R. gardneri 10 Dck1-Dck10 Dallinup Creek WA 28 June 2002 
R. gardneri 5 Ofr1-Ofr5 Oldfield River WA 28 June 2002 
R. slateri 2 Rs1-Rs2 NSW 13 December 2001 
Total isolates 48

3.4.2. Re-isolation from Roots of M. uncinata

More than 200 root tips from 4 pots of M. uncinata, grown and inoculated with 

mycorrhizal fungi of R. gardneri and R. slateri as described in Chapter 5, were plated 

on water agar. Only one isolate of the R. gardneri (MuRg) fungus and one of R. slateri

(MuRs) were successfully recovered from the roots since the recovery rate of these 

fungi was extremely low. Bacterial and fungal contaminants grew faster than 

Rhizoctonia-like fungi making recoveries difficult. Pure isolates were grown in liquid 

culture in nutrient broth for DNA extraction. 

3.4.3. Identifying Fungi using Cultural and Morphological Features 

The results of the morphological study are summarized in Table 3.2. Isolates of fungi 

from R. gardneri and R. slateri could not be distinguished by morphological characters, 

but both differed in appearance from most orchid fungi from other genera in our

collection. The colony colour at 4 weeks was buff (colour chart no. 45 according to 

Rayner 1986) and became darker with age (Fig. 3.3). The isolates were mostly slow

growing with a growth rate of 0.67-3.13 mm per day on PDA and all formed a 45 - 90º 

branching angle, possessed dolipore septa, and were binucleate, all typical features of 

most orchid Rhizoctonia isolates (Table 3.2). Abundant monilioid cells and irregular 

masses of sclerotia formed in older cultures of fungi from both orchids (Fig. 3.3C).
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The mycorrhizal fungus of R. slateri was observed to produce a teleomorph under a pot 

in the glasshouse (Fig. 3.4). This fungus has branched cells subtending the basidia that 

are typical of Thanatephorus. However, these basidiomata considerably larger than

those described for other orchid fungi, which have often only been observed in sterile 

culture. Consequently, the fungus illustrated in Figure 3.4 varies considerably from the 

published description for T. gardneri (Warcup 1991). This fungus resembled the 

resupinate fruit bodies of the Corticiaceae. It is anticipated that teleomorphs of the R.

gardneri fungus will also occur in the glasshouse once their vigour in pots becomes

sufficient.

Table 3.2. List of isolates used in the morphological study. 

No. Culture
(Table 3.1)

Habitat (Table 2.2) Average growth rate
(mm/day)

Nuclear status

A. R. gardneri WA
1 B3 Babakin 2.025 Binucleate
2 B5D Babakin 2.25 Binucleate
3 B5E Babakin 2.673 Binucleate
4 B5G Babakin 2.993 Binucleate
5 B5I Babakin 2.903 Binucleate
6 B6 Babakin 1.25 Binucleate
7 B7 Babakin 0.670 Binucleate
8 B8B Babakin 1.120 Binucleate
9 B8C Babakin 2.339 Binucleate
10 S2.4 Sorenson 1.174 Binucleate
11 S2.5 Sorenson 2.479 Binucleate
12 S2.6 Sorenson 1.847 Binucleate
13 S2.8 Sorenson 3.104 Binucleate
14 S2.10 Sorenson 3.319 Binucleate

B. R. slateri NSW
15 Rs1 Alum Mt. 3.166 Binucleate
16 Rs2 Alum Mt. 1.5 Binucleate

 41



Figure 3.2. Sections of underground orchid rhizomes. Hyphal coils (pelotons) were 

formed in the cortex cells (arrows) and degraded pelotons (*) occupied most of the inner 

cortex (A-C). Hyphae grew from viable pelotons within 3-6 days after plating (E). Pure

isolates derived from single peloton after replating (F). Photos: M. Brundrett 

Figure 3.3. Morphological characteristics of fungi isolated from underground orchids in 

sterile culture. The hyphae are binucleate (arrows) and have the typical branching 

pattern of Rhizoctonia (A). Older cultures form dark brown mycelia and sclerotia (*) on 

Petri plates (B,C) and on millet seeds (D). Photos: B. Gaskell (A), M. Brundrett (C-D).

Figure 3.4. Vigorous growth of the Rhizanthella slateri fungus in inoculated pots with 

Melaleuca uncinata plants. Figures A-B shows the teleomorph fruiting in the cavity 

underneath a window pot (Chapter 5). Figures These fungal fruit bodies consist of 

separate zones of brown and white hyphae (C-E). Basidia and basidiospores (arrows) on 

unstained hyphae under a compound microscope (F-H) Photos: M. Brundrett.
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Figure 3.2.
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Figure 3.3 
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Figure 3.4. 
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3.4.4. Molecular Identification of Fungi

Digestion of DNA isolated from the fungi in Table 3.2 by PCR using ITS1 and ITS4 

primers produced a ~ 600 bp fragment for all isolates (Fig. 3.5). 

Figure 3.5. PCR products obtained using ITS1 and ITS4 primers.  M. 100 bp DNA 
marker, 1. water control, 2. 5E, 3. B6C, 4. B8C, 5. S28, 6. Rs2 (see Table 3.2). 

Isolates M1, Rs1, B6c and MuRs were successfully sequenced. These sequences were 

subjected to BLAST (www.ncbi.nlm.nih.gov) search to confirm that sequences 

belonged to the Rhizoctonia alliance. Closely related fungi identified by the Blast search 

are listed in Table 3.3 and included in the phylogenetic analysis. 

Table 3.3. Fungi selected from groups of named fungi that are relatives to isolates from
the underground orchid.  Each fungus is one of a larger group of similar fungi.
Fungus name Genbank No. Country of

origin
Role

Rhizoctonia sp. EAB AJ248885 Spain Pathogen
Ceratobasidium sp. AGL AF354093 Japan Soil mycelia
Rhizoctonia sp. FA59209 AJ242900 Spain Pathogen
Mycorrhizal fungus O-10 AJ549182 Hungary Mycorrhizal Orchis
Thanatephorus cucumeris AY154660 Brazil Pathogen
R. solani AF153802 Australia Pathogen
R. solani AF153801 Australia Pathogen

The BLAST search on the ITS region revealed that all of the most similar strains

belonged to the Rhizoctonia complex. The similarity of Rhizanthella fungi to these other 

Rhizoctonia isolates was high (from 91-95%). The fungi with similar ITS sequences

from the Rhizoctonia complex included species identified as Thanatephorus,

Ceratobasidium or Rhizoctonia. Two different looking fungi suspected to be 

rhizoctonias were successfully isolated from the Melaleuca roots. However, only isolate 

MuRs (Melaleuca roots inoculated with Rhizanthella slateri fungus) was successfully

sequenced, confirming that it was the inoculated strain. 

 49



Results of the ITS sequence analysis show that the isolates from both R. gardneri and R.

slateri are closely related relative to other known groups in the Rhizoctonia alliance

(Fig. 3.6). Fungi from the northern and southern populations of the underground orchid 

are also very similar. This supports the morphological observations reported earlier 

showing that the two fungi are very similar to each other in appearance and growth, but 

differed substantially in appearance from most other orchid fungi. Other orchid 

endophytes from Australia included in the analysis also cluster separately from the 

chosen groups of Rhizoctonia (Fig. 3.6). However, a wider analysis would be required 

to resolve their taxonomic affinities. These results suggest that mycorrhizal fungi which 

associate with the underground orchids may be discrete phylogenetic group within the 

Rhizoctonia alliance.  However, relatively few isolates of Australian orchid fungi have

been sequenced at this stage, so other more closely related fungi may be discovered in 

the future.
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Figure 3.6. Un-rooted phylogram resulting from ITS sequence comparison of fungi 

from Rhizanthella gardneri and R. slateri (bold names in yellow circle) with some other

Australian orchid fungi (bold names in green circle) and other members of the 

Rhizoctonia complex related to fungi from the underground orchids.

 50



3.5. Discussion 

3.5.1. Fungal Isolation

Fungi of the underground orchids were slow growers, taking at least 2 - 3 months to 

establish on agar after the initial isolation. The initial succuss rate for isolation from 

pelotons varied between habitats, with very low success rates at some sites. Failure to

isolate fungi from pelotons has also been reported for some other terrestrial green 

orchids from tropical Australia (N. Abdul Karim, 1999), Europe (Rasmussen, 1995; 

Marchisio et al., 1985) and Canada (Zelmer et al., 1996). The difficulty in establishing 

fungal isolates has also been reported for myco-heterotrophic orchids (Taylor & Bruns, 

1999). Most of these studies suggested that such isolation problems are caused by the 

inactive state of the pelotons, inappropriate culture media or sensitivity to an antibiotic

that was used. Zelmer et al. (1996) suggested that unavailability of a growth factor from

the media could also be a contributing factor since the fungi may be involved in an 

obligate symbiosis with the surrounding trees. In the case of the R. gardneri fungus, all

isolations were made in years with a very dry growing season. Consequently, these 

drought conditions probably inhibited fungal activity resulting in the presence of

senescent hyphae in the majority of fungal pelotons, as shown in Figure 3.2. It is 

recommended that further isolation attempts be made in years where climatic conditions 

are more favorable, especially from southern populations of the western underground 

orchid.

In nature, R. gardneri exclusively grows with its companion plant M. uncinata. There is 

also evidence that fungi isolated from the underground orchid are able to form

ectomycorrhiza with M. uncinata (Warcup, 1985). A tripartite association is suspected,

with the same fungal symbiont forming coils in R. gardneri and the ectomycorrhizal

root tips of M. uncinata. Ectomycorrhizal roots formed by M. uncinata in the synthesis

experiment (see Chapter 5) were collected and the fungi re-isolated from the colonized 

root tips were late confirmed to be the same fungus by comparing DNA sequences. The 

identity of this fungus was also established by the morphology of its fruit body, as 

described below.

3.5.2. Identity of fungi based on cultural and morphological characteristics 
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The presence of Rhizoctonia-like fungi in the root cortex of the underground orchid (R.

gardneri) has been known for several decades (Pittman, 1929). The first attempt to 

identify fungi associated with the Western Australian underground orchid (R. gardneri)

followed induction of the teleomorph by Warcup (1991). He was unable to identify the 

fungi associated with R. slateri (the eastern underground orchid). The current study is 

the first description of the Rhizoctonia associated with R. slateri. Warcup (1991) named

the fungus associated with R. gardneri as Thanatephorus gardneri. He excluded this 

fungus from Corticiaceae because ectomycorrhizal forming fungi in this group have

clamped hyphae and also excluded the Ceratobasidiaceae due to the lack of repeated

germination of basidiospores. Consequently, Warcup (1991) named this fungus

Thanatephorus gardneri. However, in a recent taxonomic revision of the group 

(Roberts, 1999) suggested that the underground orchid fungus teleomorph described by 

Warcup (1991) does not fit in any known genus and he considered his name invalid due 

to the limited description and lack of a type specimen.

Anamorphic features of the isolates from underground orchids examined suggested their 

placement in the anamorphic genus Ceratorhiza according to Moore (1987). This genus

has been linked to the Ceratobasidium teleomorph based on nuclear status and hyphal 

ultrastructure. However, teleomorph states of R. slateri observed in the present study 

more closely resembled Thanatephorus due to the shape of basidia. However, this 

teleomorph differed substantially from details recorded by Warcup (1991), because it 

consisted of a relatively large resupinate fruit body with more complex hyphal 

structures.

Distinguishing the genera Thanatephorus and Ceratobasidium is contentious (Roberts, 

1999). Tu and Kimbrough (1975) separated these two fungi based on septal pore ultra 

structure and sclerotial structure. However, Marchisio et al. (1985) failed to distinguish 

them using these characters for fungi isolated from European orchids. According to 

Andersen (1996) sclerotial morphology is also not a reliable means to distinguish these 

genera. The monilioid cells, nuclear status etc. also seem to be highly variable within 

each genus. Consequently, a precise identification of the fungi from underground 

orchids would require revision of the genera Thanatephorus and Ceratobasidium, which 

is beyond the scope of this study. 
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3.5.3. Identification based on Molecular Characteristics 

The molecular data confirmed that R. gardneri and R. slateri were associated with

closely related fungi in the Rhizoctonia alliance that are in a separate group from other

known Rhizoctonia alliance members. DNA sequencing in this study also confirmed

that the R. slateri mycorrhizal fungus also formed an ECM association with M.

uncinata.

The DNA sequence based comparison presented here does not show clear distinctions 

between genera in the Rhizoctonia alliance. An attempt to separate Ceratobasidium and 

Thanatephorus by Andersen (1996) using an RFLP method also failed to distinguish 

these genera. These results confirm the hypothesis of Roberts (1999) that the 

morphological features used to distinguish Ceratobasidium from Thanatephorus

(branching arrangement of cell subtending the basidia), while providing a useful 

morphological criterion for identification, may not have a phylogenetic basis. 

Results of this study demonstrate that fungal identification ITS sequence comparisons

of DNA sequences are a valuable tool for orchid conservation research. In particular, 

this technique has demonstrated that fungi from both regions in WA where the 

underground orchid occurs are closely related. Consequently, fungi from both regions 

should be capable of supporting growth of seed lines of orchids from either region. This 

is an important outcome, because it was not possible to isolate fungi from the southern

region, probably due to severe drought conditions. It may also be possible to use fungi 

from R. gardneri to help grow the eastern underground orchid in WA for conservation 

purposes, but this requires further testing (see Chapter 5). 
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CHAPTER 4 

COMPARISON OF MEDIA FOR GROWTH OF 

UNDERGROUND ORCHID FUNGI 

4.1. Introduction 

The presence of fungal symbionts is a well-established biological requirement of 

orchids in nature (Chapter 1). Carbon is known to be an essential fungal nutrient for the

synthesis of compounds required for cell building and for oxidation to produce energy, 

which in nature is obtained heterotrophically (Robinson, 1978). Carbohydrates of plant 

origin are the most widely used fungal energy source in nature (Deacon, 1984). In the

laboratory, most fungi can grow on agar with simple carbohydrate sources and essential 

mineral nutrients.

Artificial culture studies have shown that orchid fungi generally do not have special 

nutritional requirements and so most can grow on a wide range of organic substrates 

(Burgeff, 1959; Hadley & Pegg, 1989; Currah et al., 1997). However, some fungi have 

highly specialised nutrient requirements. Soil Extract Equivalent (SEE) culture medium

was developed by Angle et al. (1991) to provide an isolation medium for soil micro-

organisms. The medium was considered superior to other media and is used for this 

purpose as it has a similar ionic composition to soil. This medium has been in routine

use in our laboratory for orchid fungus isolation and culture for some time. It was 

observed that certain fungi grow better on this medium than on other media types, but 

others do not. However, no direct comparison of the effectiveness using different fungi 

has been made. Detailed knowledge of the physiology of orchid fungi has been hindered 

by the poor identifications of the fungi (Hadley & Ong, 1978). 

Some orchid fungi are fast growing on a wide range of artificial media but others are 

slow growing, producing only a few millimetres of growth per day in culture. For 

example, Rhizoctonia sp. from European orchids grew 6.5–9.10 mm per day on Potato 

Dextrose Agar (PDA) (Marchisio et al., 1985), in contrast to a Canadian terrestrial 

orchid fungus (Epulorhiza albertaensis) which took 42 days to grow 14 mm on the

same media (Currah et al., 1997).
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Optimising the growth of orchid fungi is necessary for the production of inoculum for

research or conservation activities. Experiments were conducted to determine the 

suitability of different culture media, including one with an ionic composition similar to 

typical Western Australian soils, to provide the best substrate for the rapid in vitro

growth of the R. gardneri endophyte along with several other Australian orchid fungi.

4.2. Materials and Methods 

4.2.1. Fungal Material 

Fungal material used was from the culture collection at BGPA and had been isolated 

from adult plants of R. gardneri, Caladenia arenicola, Paracaleana nigrita and 

Drakaea gracilis (Table 4.1). The standard peloton extraction method (Rasmussen,

1995) was used to gain the pure isolates from these fungi and their mycorrhizal status

confirmed by germination trials. 

Table 4.1. Fungal isolates used to examine the specificity of orchid-fungal associations.

No/code. Host Date Habitat
Ca-01 Caladenia arenicola 20 Oct 2001 Bold Park-Perth WA
Pn Paracaleana nigrita 16 Nov 2001 Albany - WA 
Dg Drakaea gracilis June 2001 Brookton Hwy - WA
Rg-8B Rhizanthella gardneri  8 Aug 2001 Corrigin-WA

4.2.2. Media Preparation 

Two basic agar media each of which contained several different sources of carbon, were 

used in this study. These were fungal isolation medium (FIM) (Clements & Ellyard, 

1979) and a new media based on soil extract equivalent media agar (Angle et al., 1991). 

Since Australian soils are nutrient impoverished compared to those from America, the 

pH and ionic composition of this new medium were adjusted to match typical Western

Australian soils using data from Dellar & Lambert (1992). This new culture media

presented in Table 4.2. was designated as Soil Extract media for Australian soils (SEA). 

Cellulose, sucrose, or bran was incorporated to the media at 0.2% w/v as the carbon

source either singly or in combination. Water agar was used as a control and oat agar 

was also included as it is a standard orchid fungus growth medium (2.5 g of powdered 
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rolled oats L-1). All media were solidified by adding 8 gL-1 of agar. Media were

autoclaved at 121° for 20 minutes and poured into 9 cm diameter Petri plates. 

To prepare SEA medium, 0.2 g of MES buffer (2-Morpholinoethanesulfonic acid 

monohydrate) is dissolved in 700 ml DI water in an autoclavable container. Aliquots of 

100 ml of each stock solution were then added (Table 4.2). Agar powder and an

appropriate sugar/carbohydrate (sucrose, cellulose, bran etc.) either singly or in 

combination were mixed into the medium and pH adjusted to 5.5 with KOH.

To inoculate fungi, 5 mm diameter plugs were removed from the growing edge of the 

colony and transferred to the medium using a flame sterilized cork borer.

Table 4.2. Composition of agar media used in experiments.

Salts SEA (stock solution g/L) FIM (g/L  final)
(Clements & Ellyard,
1979)

MES buffer 0.2 gL-1

Stock solution A* 
NH4NO3 0.4
KH2PO4 0.0136 0.2
MgCl.6H2O 0.61
NaCl 0.058
Stock B* 
CaSO4.2H2O 0.861
Stock C* 
FeEDTA (Na) 0.073
MgSO4 0.1
NaNO3 0.3
KCl 0.1
Yeast extract (DIFCO) 0.1
Agar 8.0 8.0
Sucrose 2.0 2.0
pH 5.5 6.8

*Stock solutions stored separately in a refrigerator to avoid reactions.

4.2.3. Assessment 

Cultures were maintained in the dark at a constant temperature (27°C). Fungal growth 

was assessed by measuring radial growth and biomass production. The diameter of 

fungal colonies was measured by taking the average radial growth from 4 measurements

for each colony at 2 day intervals until colonies reached the edge of plates (32 days).

There were three replicate plates for each fungus. 
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Dry weight was measured by melting the agar in the microwave oven and separating the

mycelium from the media using forceps. The mycelium was placed in pre-weighed 

aluminium foil and dried in an oven at 55°C overnight. The mean growth rate and dry 

weight data was analysed by one-way analysis of variance (ANOVA) and differences 

between each treatment determined using Fisher’s Protected Least Significant 

Difference test at 5% level of significance. 

4.3 Results 

4.3.1. Radial Growth

Radial growth rate of this fungal isolate from R. gardneri ranged from 0.266 to 0.443 

mm per day in SEA supplemented with 0.2% of bran, cellulose, sucrose or combination

of sucrose and cellulose (Fig. 4.1). None of these were significantly different to growth

on the control media (water agar). Oat media and FIM media with sucrose provided the 

highest growth rates of all media tested. 
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Fig. 4.1. Effect of different media on the radial growth rate of 4 orchid fungi (WA = 
water agar, C= with cellulose, S= with sucrose, CS = cellulose and sucrose).
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Growth of the mycorrhizal fungus from Caladenia arenicola was much faster than

growth of the isolate from R. gardneri on SEA bran medium, which was the only media

formulation which performed better than oat agar (Fig. 4.1). Growth of this fungus on 

SEA bran media differed significantly from the other SEA formulations, FIM media, 

water agar, or oat agar (P < 0.0003). SEA media with a single source of carbon 

(cellulose or sucrose) supported similar growth to the treatment with both in 

combination. Growth rate of this fungus of on FIM with sucrose was similar to that of 

the water agar control.

Fungi from Paracaleana nigrita and Drakaea gracilis were known to grow very slowly 

on FIM, requiring 2-6 months to grow 10 mm (P. Hollick, pers. com). The P. nigrita

fungus failed to grow on FIM during this study (Fig. 4.1). Growth of this fungus was 

fastest on oat agar, followed by SEA bran, SEA cellulose, SEA cellulose plus sucrose

and then SEA with sucrose alone (P = 0.0030). The mycorrhizal fungus from D.

gracillis in this experiment failed to grow on FIM except where it was amended with

sucrose (Fig. 4.1). SEA bran and oat media supported the fastest growth of D. gracilis

(P < 0.0001). 

Overall, SEA with a single carbon source supported growth rates that were significantly 

better than media with a combination of carbon sources (Fig. 4.1). Among the carbon 

sources tested, the complex nutrients bran and oats provided better results overall, but

each fungus exhibited different preferences for carbon sources.

4.3.2. Biomass Production 

Fungi isolated from P. nigrita and D. gracilis showed very limited growth on most 

media tested, so their biomass was not measured. Biomass production of the 

mycorrhizal fungus of R. gardneri was greatest on FIM with sucrose, and SEA with 

cellulose had the lowest yield, although this was not significantly different from FIM or

the water agar control (Table 4.3). Overall, oat agar was by far the best medium for 

biomass production of the R. gardneri fungus. FIM with cellulose and sucrose 

supported the highest production of biomass for the fungus from C. arenicola, but 

biomass production on SEA with bran or Oat media was not significantly different 

(Table 4.3). 

 59



Combined results for radial growth and biomass production for all fungi are summarised

in Table 4.4. Overall, the Oat and SEA bran media were the best performers. Relatively 

good results for all fungi were also obtained for SEA with sucrose or cellulose and 

sucrose. The recalcitrant fungi from P. nigrita and D. gracilis failed to grow on FIM 

media or water agar but could be propagated on the SEA or oat media.

Table 4.3. The effect of various carbon sources in SEA and FIM on the dry weight of 
two orchid mycorrhizal fungi.

Type of media R. gardneri fungus (mg) C. arenicola fungus (mg)
Water agar 2.4 a 1.2 a

Oat 18.23 b 19.53 b,c

SEA-cellulose 1.33 a 8.87 a

SEA-sucrose 6 a,b 3.86 a

SEA-cellulose& sucrose 5.35 a,b 3.15 a

SEA-bran 3.93 a 22.96 c

FIM-cellulose 1.43 a 15.73 a,b

FIM-sucrose 6.1 a,b 19.65 b

FIM-cellulose & sucrose 4.57 a 32.1 c

Values followed by the same letter are not significantly different. 

Table 4.4. Summary of growth responses for 4 orchid mycorrhizal fungi on different 
media (+ = good; ± = moderate; - = failed/poor growth). 

Media R. gardneri C. arenicola P. nigrita D. gracilis 
WA - ± - -
Oat + + + +
SEAC - ± ± ±
SEACS ± ± ± ±
SEAS ± ± ± ±
SEA Bran - + + +
FIMC - ± - -
FIMS ± ± - -
FIMCS ± + - -
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4.4 Discussion

The orchid mycorrhizal fungi studied here behaved differently on different media, but 

all grow on oat agar although the some fungi were very slow on this media. However, 

oat media is generally not used for either the isolation of fungi or the long-term

maintenance of cultures due to a high rate of contamination compared to other media.

Generally, the fungi in this experiment could be separated into 2 groups based on 

nutritional preferences (Table 4.4). Fungi from R. gardneri and C. arenicola could be 

included in a group which has wider preferences, while D. gracilis and P. nigrita were

in the second group with narrower preferences, resulting in little or no growth on some

media. The growth responses of orchid fungi to culture media types appear to be most 

related to their ability to use the incorporated carbon source. Like most other orchid 

mycorrhizal fungi, the R. gardneri fungus grew best on oat agar. Possibly, the 

carbohydrates in oats were more accessible to this fungus than sucrose or cellulose. 

Deacon (1984) noted that natural carbon was more readily available to fungi since 

commercially produced sugars have been desiccated which makes them more resistant 

to degradation. Fungi such as the C. arenicola isolate seem to prefers organic

compounds which are not available in the more defined SEA medium. For example, a 

Tullasnella calospora isolate from an orchid was incapable of using inorganic nitrogen 

sources such as nitrate and ammonium ions (Hadley & Ong, 1978).

The inclusion of yeast extract in FIM may be a key factor which affected the growth of 

fungi on this medium. Yeast extract is known to be a excellent source of nutrients for 

fungi, providing trace elements, amino acids and vitamins (Burgeff, 1959; Stephen & 

Fung, 1971). This would allow fungi lacking the ability to effectively synthesise these 

substances to be grown (Hadley 1982). Some orchid fungi such as the isolates from P.

nigrita and D. gracilis grow slowly on all media types, presumably due to physiological 

characteristics of these fungi which cannot be overcome by media additions. 

All the carbon sources used in this study supported fungal growth, but some

significantly affected the growth rate of particular fungi. Fungal biomass production did 

not appear to depend only on the basal medium used. The role of other factors such as 

pH cannot be eliminated. All the orchid mycorrhizal fungi used in this experiment grew 

better on oat media, and for most fungi, bran was also a suitable substrate. Bran has 
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been used for growth of Rhizoctonia isolates in other studies (Butler, 1980). It should 

also be noted that high sugar concentrations may support rapid growth of fungi in 

culture, but can also prevent otherwise compatible fungus from forming effective 

mycorrhizas with germinating orchids (Beyrle ). 

Myco-heterotrophic orchid fungi are a very diverse group (see Chapter 1). It has been 

reported that these fungi may have less capacity to use inorganic nutrients than 

chlorophyllous species, thus organic nutrients in the form of peptone or albumin could

be more desirable (Hollander in Burgeff, 1959). It was later found that the R. gardneri

fungus grew better on nutrient broth containing peptone, but this media would not be 

suitable for many experiments with orchid fungi.

In general, the orchid fungi tested grew better on undefined medium which contained 

complex organic nutrient sources such as oats, bran or peptone. However, for most

studies of orchid fungi, it will be advantageous to use a fully defined medium such as

SEA, even if growth is relatively slow, to ensure reproducibility of the results. A 

partially defined medium which contains yeast extract (FIM) can also provide a better

result for some fungi than fully defined media. It is possible that the addition of yeast

extract to SEA medium could produce similar results to FIM for certain Australian

orchid fungi, but this was not tested.

A cost benefit analysis contrasting the benefits and risks associated with different media

types should be used when deciding which one to use for symbiotic orchid growth. For 

example, undefined media (based on oats or potatoes) often support faster growth than 

other media types, but in our experience are much more prone to contamination by other 

organisms. Conversely, a fully defined media such as SEA should provide results which

can be reproduced more exactly in the future, as the precise concentrations of all 

ingredients are known. The SEA formulation provided here is optimised for fungi 

isolated from typical Western Australian soils. It may be advantageous to adjust the 

composition of this media to suit fungi from other habitats, by adjusting the pH, ionic 

strength, N source, etc. The original Soil Extract Equivalent media developed by Angle

et al., (1991) should be more suitable for fungi from northern hemisphere sites, if their 

soils are more alkaline and fertile than the West Australian soils for which SEA was 

optimised.
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CHAPTER 5 

SYMBIOTIC GERMINATION OF RHIZANTHELLA GARDNERI

5.1. Introduction 

Members of the Orchidaceae require the presence of symbiotic fungi to assist their

germination since the seeds do not contain adequate food reserves for establishment

(Chapter 1). The same fungal symbionts are often essential for the nutrition of orchids 

throughout their life, especially in the case of achlorophyllous orchids which lack other 

means of nutrition (Leake, 1994; Rasmussen, 1995). Rhizanthella gardneri is 

considered to be epiparasitic on Melaleuca uncinata and its carbon source is assumed to 

be derived via their shared fungus. This fungus apparently forms ectomycorrhizas

(ECM) with the autotrophic plant Melaleuca uncinata as its primary nutrient source 

(Warcup, 1985). By sowing the orchid seeds under inoculated M. uncinata plants, 

Warcup (1985) succeeded in growing the underground orchid to flowering in the 

glasshouse. However, the relationship between the underground orchid and M. uncinata

remains unclear since it is highly unusual for a single fungus to from two completely

types of mycorrhizas (Brundrett, 2002).

The distribution of the underground orchid (Rhizanthella gardneri) in the Southern

Wheatbelt of Western Australia is restricted to a few pure Melaleuca stands, indicating 

that the orchid has a highly specific living environment (Chapter 2). Rhizanthella

gardneri has been shown to have a specific fungal symbiont at least during its early 

stages of development (Warcup, 1985). The in vitro germination of R. gardneri was 

successful only with one particular strain of Rhizoctonia (Warcup, 1985).

The experiments in this chapter include seeds and fungi of the sister species to R.

gardneri, which occurs in eastern Australia, R. slateri.  The habitats of this orchid are 

separated by thousands kilometres from R. gardneri and include Eucalyptus forest

rather than Melaleuca shrubland (Clements & Cribb, 1984). The biology of R. slateri

and its fungal symbionts is poorly understood, but fungi associated with this orchid 

were considered to be different from those associated with R. gardneri (Warcup, 1991).
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The aims of experiments in this chapter were to investigate the capacity of fungi 

isolated from R. gardneri and R. slateri to induce germination of both underground 

orchids and develop method for the successful propagation of these orchids. The

methods included in vitro sterile culture trials and in situ seed burial tests in the field to 

assess the capacity of R. gardneri seed to germinate. The majority of germination

experiments utilised seed burial in pots of M. uncinata in the glasshouse. 

5.2. Materials and Methods 

5.2.1. Plants and Fungal Material 

The seeds of R. gardneri were collected during a field trips to Central Wheatbelt of 

Western Australia in 2001 and 2002, as described in Table 2.2. Seeds of R. slateri were 

obtained from New South Wales in June 2002. Seeds were air-dried over silica gel for 

24 h before storage in the refrigerator at 5 C until needed. 

In most trials orchid seed were placed in packets made from nylon mesh (pore size 90 

m) with 3 different designs were used. In experiments 2 and 3A, the nylon mesh was

folded once and 2 compartments were created by heating with a plastic sealer. These are 

based on the design of in situ orchid seed baits (Brundrett et al., 2003). In experiments

3B to 3D, a similar design was used except the nylon mesh was backed with clear 

plastic and a 5 mm square piece cut from nitrocellulose MilliporeTM filters (pre-

sterilized 0.45 μm pore size, 47 mm diameter, cat. no. HAWG047S3). These were used 

to allow seeds to be easily seen after these were inserted into seed compartments. Slide

frames used for in situ seed baiting trials by Rasmussen and Whigham (1993) and Batty 

et al., 2001 were used to contain seed in in situ trials (Experiment 5). 

Pure isolates of fungi were obtained from adult plants of the two underground orchids

(R. gardneri and R. slateri) as explained Table 3.2. A fungal culture from thc common 

West Australian orchid Microtis media was also used in Experiment 1A as a control. 

 64



5.2.2. In vitro Germination

A. Experiment 1A 

A standard method of surface sterilization was used in all experiments. Orchid seeds 

were placed in a folded filter paper envelope (approx. 2  2 cm) and soaked in calcium

hypochlorite (7 g/ 100 ml) with a few drops of Tween 80 for 30 minutes, followed by 3 

rinses in sterile distilled water (Ramsay et al., 1986). 

Surface sterilized seeds were then sown on plates of oats agar (see Chapter 4). Agar 

plugs taken from the growing margin of the fungal isolates were placed in the centre of 

the plates. The Petri plates were sealed with stretchable plastic food wrap before 

incubation at room temperature and covered with aluminium foil to exclude light.

Germination was monitored every two weeks through unopened lids of Petri dishes with

the aid of a dissecting microscope.

Sterile germination trials with the seeds of R. gardneri and R. slateri had 6 treatments

each replicated 3 times: (1) R. gardneri seeds with R. gardneri fungus, (2) R. gardneri

seeds with R. slateri fungus, (3) R. gardneri seeds with Microtis media fungus, (4) M.

media seeds with M. media fungus (5) M. media with R. gardneri fungus (6) M. media

with R. slateri fungus.

B. Experiment  1B

The second experiment used additional seeds of R. gardneri obtained in 2002. Similar

method to those explained in detail for experiment 1A was used. However, a different 

method of seed sterilization was applied in this experiment. The intact fresh seed 

capsules were flame surface sterilized in a laminar flow before the seeds were scraped-

out using a sterile scalpel. Thus, fresh sterile seed were obtained without exposure to 

harsh chemicals. Five to ten seeds were placed on Petri plates with actively growing 

fungal cultures. Seed of R. slateri was not included in this experiment due to limited

availability.

C. Experiment 2 

In this experiment, millet seeds colonised by orchid mycorrhizal fungi of the two 

underground orchids were used as the food base for fungal inoculum. Millet seeds were 
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placed in a 200 ml glass jar and soaked with distilled water overnight. The millet seeds 

were strained and rinsed before they were autoclaved for 20 minutes at 121oC on two 

consecutive days. Agar plugs approximately 10 mm in diameter were taken from the 

growing margin of fungal culture for inoculation onto the millet seeds (Fig. 5.1C). The 

jars were incubated in the dark at room temperature for 4 weeks or longer and shaken

twice during growth to assist even colonization. Six jars of millet seeds were inoculated 

with R. gardneri and R. slateri fungi in this experiment. Un-inoculated millet seed was 

used as a control. A seed packet (3 seeds/packet) made from heat sealed nylon mesh

containing R. gardneri or R. slateri seeds were buried in each jar and incubated at room

temperature in the dark for 6 months. The same millet seed inoculum was used in a 

glasshouse inoculation trial (Experiment 3C).

5.2.3. Seed Germination under M. uncinata

A. Pots and growing media 

Black plastic pots (20-25 cm diameter, height 30 cm) used in this experiment were 

modified to provide windows which were used in conjunction with transparent seed 

packets to view germinating seeds. Two squares (approximately 10 x 10 cm) were cut 

out on opposite sides of each pot and these openings covered by transparent plastic (Fig. 

5.1D). These clear plastic panels (cut from report covers) were attached to the inner side 

of the pot with a hot glue gun. When the Melaleuca seedlings were transplanted, each 

window pot was placed inside an intact pot to exclude light. Plants were kept in a 

BGPA glasshouse at ambient temperature with evaporative cooling which keep 

temperatures in a moderate range (25-35°C) in the summer. Pots were positioned

randomly in the glasshouse.

Two types of potting media were used in this experiment. A standard potting mix for 

native Australian plant which consisted of fully composted jarrah sawdust: nursery 

sand: coarse river sand (4:2:1). Each m3 of potting mix was amended with 3 kg 

Osmocote  slow-release fertilizer (N:P:K = 17:1.6:3.7, plus trace elements), 1 kg of 

lime, 800 g of dolomite and 500 g of iron sulphate. The potting mix was steam

pasteurised at 70o C on two consecutive days. The second medium was fine white silica 

sand sieved and moistened with water before placing in autoclave bag and sterilized for 

40 minutes at 121o C on two consecutive days.
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C. Experiment 3A 

Three-month-old seedlings of M. uncinata were transferred individually to pots

containing pasteurised potting mix. Six months later, the experiment was initiated in a 

glasshouse by inoculating a total of 24 M. uncinata seedlings with R. gardneri fungus. 

Fresh cultures of fungus (3 weeks old) grown on agar media were homogenized and 

placed into a 50 ml sterile syringe. The homogenized fungal cultures were then applied

to the surface at 2 different spots in the area of roots which was exposed to the windows

as shown in Figure 5.1A. Roots with good mycorrhizal activities were chosen as a 

potential host for R. gardneri seeds. Seeds of R. gardneri were introduced directly to the 

roots through small flap cut into the window 3 weeks later (Fig. 5.1B).

D. Experiment 3B 

Seedlings of M. uncinata used in this experiment were transplanted to pots standard 

potting mix with an outside layer of sterilized white silica sand. A shade cloth covered 

by coarse sand was used to line the base of the pots to improve drainage and prevent 

loss of soil. Fungal inoculum consisted of Petri plate cultures (more than 3 week-old) or 

fungal sclerotia from old cultures grown on agar medium. This inoculum was mixed

with sand before seedling of M. uncinata was transplanted and 1 g of Osmocote  slow 

release fertilizer added to each pot. Orchid seed packets were introduced to the roots 5 

weeks after inoculation. 

E. Experiment 3C 

Melaleuca uncinata seedlings used in this experiment were prepared as described for 

Experiment 3B. However, millet seed colonised by the fungus (see Experiment 2) was 

used as the source of inoculum. Samples of millet seed inoculum was plated on agar 

before inoculation, to confirm that the identity of fungi in the inoculum. The millet seed

inoculum was inoculated onto pots in a column in front of windows by tunnelling with a 

plastic straw (see Fig. 5.1D). Orchid seed packets were introduced into pots by inserting

them into the potting medium behind windows (see Fig. 5.1E).

F. Experiment 3D 

For this experiment, M. uncinata plants were grown and inoculated as described for 

Experiment 3b, except that the millet seed inoculum was dispersed through the potting 
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medium before transplanting plants. In this experiment, the orchid seed packets were 

introduced directly onto the mycorrhizal roots through a small flap in front of a window 

over actively growing mycorrhizal roots (see Fig. 5.1F.). These flaps in windows were 

then sealed with a waterproof tape. 

5.2.3. Seed Germination in situ

A seed burial technique adapted from Rasmussen and Whigham (1993) was used. 

Packets made from slides containing 0.5 g of dry white silica sand were placed together

with R. gardneri seeds and sown in the natural habitat of the orchid. Due to a limited

availability of seeds, only 12 packets (5 seeds/packet) were used in this experiment. The 

seed packets were distributed in the habitat of orchid near flowering orchid plants at the 

Babakin and Sorensons sites (Table 2.1). These seed packets were buried in May 2002 

and removed 5 months after sowing. 

Standard germination stages of orchid protocorms and seedlings devised for

chlorophyllous orchids (Clements et al., 1983) could not be used since achlorophyllous 

orchids do not form leaf primordia. Thus, a new scheme for achlorophyllous orchids 

based on 3 stages which can be clearly recognised was devised (Table 5.1). 

Table 5.1. Germination stages for achlorophyllous orchids.

Stage Description

0 Ungerminated seed

1 Rupturing of testa 

2 Protocorm with rhizoids 

3 Substantial growth of rhizome

Figure 5.1. Fungal inoculation of Melaleuca uncinata roots using a mycelial slurry 

injection method (A) and introduction of the orchid seeds through a small flap window 

(B) (Experiment 3A). Autoclaved millet seed was to produce fungal inoculum (C) in 

Experiments 3C and 3D. In Experiment 3C millet seed inoculum was applied in a

column using a plastic straw (D) and the orchid seeds were introduced in transparent 

packets (E). Photos by M. Brundrett. 
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Figure 5.1. 
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5.3. Results 

5.3.1. In vitro Germination Experiment

Results of standard in vitro germination trials were mostly negative (see Table 5.2). Due 

to the long duration of these experiment (over 9 months), the medium in many plates

had deteriorated before the seeds showed any germination activities. Some of the

cultures showed signs of contamination after 5 months and could not be rescued.

Table 5.2. Summary of results of in vitro germination trials using stages in Table 5.1. 

Fungal isolates/Seed R. gardneri R. slateri M. media 
Experiment 1A 
Rhizanthella gardneri (6c) Stage 0 Stage 0 Stage 0 
Rhizanthella slateri  (Rs1) Stage 0 Stage 2 Stage 0 
Microtis media (Mm) Stage 2 Stage 2 seedlings

Experiment 1B 
R. gardneri  (S25, S26, S28) Stage 0 Not tested Not tested 

Experiment 2 
R. gardneri (5I, 8B, S210) Stage 0 Stage 0 Not tested 
R. slateri (Rs1) Stage 0 Stage 0 Not tested 

After 7 months, germination activity was observed in one seed of R. slateri inoculated

with its fungal symbiont (Fig. 5.2D). The testa had ruptured and several trichomes

emerged from the embryo (stage 2). In the control experiment, Microtis media were 

found to germinate within 3 weeks after sowing in the presence of its own fungus, but 

not by the fungi of Rhizanthella.

After 9 months, none of the seeds of R. gardneri co-cultured with the 3 fungi showed

any sign of germination. One seed of R. gardneri from which the testa was accidentally

removed during sterilization procedure, was larger in size than the others, but still failed 

to grow after 4 months (Fig. 5.2B). This was a sign that the seed had imbibed water 

resulting in swelling but further development was not detected and the growth of the 

seed ceased after 7 months (Fig. 5.2C). Most seed eventually died and was overgrown

by fungi. 

In the later experiment (Experiment 1B) where orchid seed was placed on top of older 

fungal cultures with pigmented hyphae sclerotia, after 4 months orchid seeds were 
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larger in size but no further development was observed. Contaminants were found on 

some seeds and appeared to have destroyed the seed before they could develop further.

The trial with orchid seeds in millet seed fungal cultures (Experiment 2) did not yield 

any germination, despite the fact that fungal growth was extremely vigorous in these

cultures. When the orchid seed packets were removed from the jars after 6 months, none 

of the seeds of R. gardneri had survived.  Most of these seeds were destroyed by the 

fungus, or had desiccated. Only seeds of R. slateri, which seem to have harder seed 

coats, were still alive, but no germination was evident.

Figure 5.2. In vitro symbiotic germination experiments with Rhizanthella gardneri and

R. slateri seeds. The relative sizes of Melaleuca uncinata and R. gardneri seeds (A). 

Seeds of R. gardneri after 4 months of culture with the R. gardneri fungus (B, C). 

Protocorm of R. slateri after 7 months of culture in the presence of R. slateri fungus 

(D). Photos by M. Brundrett. 

Figure 5.3. Germination of seeds of Rhizanthella gardneri and R. slateri in window 

pots with a tripartite system using Melaleuca uncinata inoculated with mycorrhizal

fungi.  The first stage of germination of Rhizanthella gardneri with a ruptured seed coat 

(A-C). Emerging trichomes are visible (arrow) in A. Protocorms of R. gardneri (arrow) 

in the presence of the R. slateri fungus (C). Larger protocorm formed after 3 months in 

a pot with vigorous activity of an isolate from Rhizanthella gardneri (D). Germinated

and ungerminated seed of R. slateri (E, F). 
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5.3.2. Tripartite Germination with M. uncinata 

The first attempt at seed germination (Experiment 3A) failed because fungal activity

was still insufficient in many pots it was very difficult to relocate seed placed in pots 

without packets  (Table 5.3). Seeds may have been flushed out when pots were watered. 

Saprophytic fungi were observed to sporulate on some seeds in pots, which presumably

had been predated.

Table 5.3. Summary of results for Rhizanthella germination under M. uncinata. 
Experiment Fungal culture/Code Date of

inoculation
Date of seed
Sowing

Success rate Number of 
protocorm(s)

R. gardneri (3G, 8B,
6C)

10 May 2002 24 May 2002 0/9 0

R. gardneri (3G, 6C) 10 May 2002 8 Aug 2002 0/5 0

R.gardneri (3G, 6C) 10 May 2002 9 Oct 2002 0/4 0

R.. gardneri (6C) 10 May 2002 5 Nov 2002 0/3 0

3A

R. gardneri (8B) 10 May 2002 26 Feb 2003 0/2 0

R gardneri (5I) 30 June 2002 9 Oct 2002 0/5 0

R. slateri (Rs) 30 June 2002 9 Oct 2002 1/1 1 R. slateri

5 Nov 2002 1/1 5 R.gardneri

3B

R. slateri (Rs) 4 Dec 2002 26 Feb 2003 0/1 0

3C R. gardneri (S210) 31 July 2002 5 Nov 2002 2/3 8 R. gardneri

3D R. gardneri (5I, S25,
S210)

3 Dec 2002 26 Feb 2003 0/3 0

The use of windowed pot with white sand potting medium as an outside layer in pots 

and mesh-backed plastic seed packets (Experiment 3B), allowed a much clearer view of 

what was happening to orchid seeds (Fig. 5.2). Five R. gardneri seeds in one packet 

germinated with the fungal isolate from R. slateri (Rs), but these later perished. Brown 

hyphae typical of Rhizoctonia isolates from Rhizanthella colonized the seeds within two 

weeks after sowing (Fig. 5.3C-F). However, the rupturing of the seed coat was not 

obvious until 8 weeks. Several trichomes emerged on the multiple surface of each seed

(Fig. 5.2A, C). One of R. slateri seeds sown earlier in the same pot was found to form a

protocorm but only after 7 months (Table 5.3). Other seeds showed enlargement, but 

further development was not observed until the end of the study. By the end of this

study the largest protocorm of R. gardneri has reached stage 3 with seeds more than

doubled in size (Fig. 5.3 D). These stage 3 rhizomes grew much larger in the following 

months and it is anticipated they will flower in the following year. 
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Localised millet seed inocula (Experiment 3C) was often overgrown by saprophytic 

fungi (especially Trichoderma and Penicillium spp.) which were much more aggressive 

than the inoculated fungus. However, some the correct fungus became established in 

some pots resulting in germination by eight R. gardneri seeds in two packets (Table

5.3). These pots contained the most active R. gardneri fungus (S210). Contact between 

seed in packets and the fungus required at least 3 weeks. 

When millet seed based inocula were mixed throughout sand potting medium

(Experiment 3D), the rate of contamination was also very high. However, some pots 

with sufficiently active mycorrhizal fungi were also observed in this experiment (Fig. 

6.5), but there was insufficient time for seed germination.

5.3.4. In situ Germination Experiment 

None of the seeds recovered from experiment 4 survived. However, one of the seed 

baits at Sorenson that had developed to the protocorm phase before desiccating. Further 

growth was not evident possibly due to severe drought during the summer of 2002. 

Some seed were desiccated by drought and others seem to have been predated by soil 

organisms.

5.4. Discussion 

Results of the experiments presented here suggest that seed germination in vitro is 

impractical for R. gardneri and R slateri both of which are slow growing compared to 

other taxa of Australian orchids, many of which have been successfully germinated in 

our laboratory using the same method. These experiments required exceptionally long 

periods of observation, resulting in problems with contaminations and the drying up of 

the agar media. The seeds therefore had to be continuously transferred to fresh plates. 

Germination in pots under M. uncinata also had a long lag phase, so this may be an

inherent problem with seeds of these orchids.

Investigation on the germination of R. slateri in this study is the first report of its kind. 

As observed by Warcup (1985), germination of Rhizanthella in symbiotic culture was 

erratic. The result of in vitro germination trials in this study only confirmed that R.

slateri can germinate in the presence of its own fungus but may not in the presence of 

 78



the fungus from R. gardneri. It is possible that the seeds were non-viable or dormant,

but most seeds looked healthy and remained turgid for up to a year after surface 

sterilization. Many seeds showed sign of water uptake but failed to grow. Viability tests

were not carried out because of limited availability of the seeds.

The symbiotic cross-compatibility of the fungus from R. gardneri to R. slateri and vice 

versa could not be established in this experiment due to the extremely low frequency of 

germination in axenic experiments. Germination of R. slateri occurred once with its

own fungal symbiont, but nether orchid germinated in the presence of a R. gardneri

fungus in sterile culture. Variation in the symbiotic effectiveness of different 

Rhizoctonia strains of Goodyera repens (Alexander & Hadley 1983) and the 

achlorophyllous species Erythrorchis ochobiensis (Umata, 1999) have been reported. 

The physiology of fungi varies considerably in culture and in the case of isolates for

Rhizanthella only fungi with darker hyphae that occurred in some older cultures induced 

germination. A second orchid species (Microtis media) was only able to germinate to 

stage 2 in the presence of the fungi of the underground orchid, although it can 

associated with a fairly wide range of fungi (Warcup, 1985; Y. Bonnardeaux 

unpublished).

Seed germination will proceed only when the environment is supportive. For orchids, it 

was related to temperature, soil moisture and the presence of appropriate fungi

(Rasmussen, 1995). Seeds of both R. gardneri and R. slateri were slow to germinate,

even where all the seeds appeared to be viable. It is possible that by the time they

germinated the fungal symbiont was no longer physiologically actively enough in the 

sterile culture system using Petri plates. A second sterile culture system using millet 

seed was even less successful, as it produced extremely vigorous fungi which seem to 

parasitise seeds. The thicker coat possessed by R. slateri seed seemed to permit the 

seeds to survive longer in this experiment.

In nature, a continual nutrient supplies obtained from the Melaleuca host would be 

available for as long as the associated fungi remain active. This situation is much more 

similar to the tripartite glasshouse germination than what would occur in axenic systems

where fungal activity would decline as resources become exhausted. The tripartite 

system used in this study provided similar results to that first used by Warcup (1985) to 

germinate R. gardneri. We found that germination activity of underground orchids in 
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the system with M. uncinata was patchy because it only occurred in pots with high 

inoculum levels of the correct mycorrhizal fungus (see Chapter 6). Other ECM fungi 

which were highly active in some pots but were not successful in germinating

Rhizanthella. One of the greatest advantages to the use of window pots was to allow 

fungal activity on Melaleuca roots to be observed until inoculum level built up in pots

which required many months after inoculation. Seed was then introduced to areas of 

high fungal activity so conditions would be suitable for germination. It is probable that 

future research will allow us to speed-up this process by optimise inoculation

procedures and glasshouse culture conditions. In particular, the use of alternative soil 

inoculation procedures developed for ectomycorrhizal fungi should be trialed (see 

Brundrett et al., 1996).

This study established that fungi of the eastern underground orchid (R. slateri) can

initiate germination of seed of the western underground orchid (R. gardneri). However, 

this host-fungus partnership may not be fully compatible. Fungi from both orchids are 

also able to form ectomycorrhizas with M. uncinata. Previous work has shown that 

fungi of R. gardneri can form ectomycorrhiza with other plants such as Eucalyptus

(Warcup, 1991). These similarities in the ecological roles of eastern and western fungi 

would be expected because these fungi are closely related (Chapter 3).

Thus, the association of these fungi to their ECM host plant does not appear to be as 

highly specific as suggested by the very limited distribution of the underground orchid. 

Rhizanthella gardneri is only known to occur near M. uncinata, but it is very unusual 

for ectomycorrhizal fungi to exhibit species-level specificity with host plants, as most 

can associate with members of a plant genus of family (Molina et al., 1982).  These 

fungi also have relatively specific habitat requirements, but most are not known only 

from a single habitat type, indeed May (2002) noted that there were few endemic fungi 

in Western Australia. Reasons for the extreme habitat specificity of R. gardneri require

further investigation, but may have more to do with habitat requirements of the orchid

than its fungus.
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CHAPTER 6 

MYCORRHIZAL ASSOCIATIONS OF MELALEUCA UNCINATA

6.1. Introduction 

Members of the genus Melaleuca in the family Myrtaceae are widespread in Australia,

from the tropical north through the arid inland to the wet coastal areas of Tasmania

(Holliday, 1989). Melaleuca uncinata often occurs as a dominant or sub-dominant

shrub with mallee Eucalypts  on clayey soils in semiarid regions in most parts of 

Australia ((Woinarski, 1989; Read 1994). 

Like other typical Australian plants of nutrient impoverished habitats, M. uncinata has 

mycorrhizal associations (Lamont, 1979). It is well established that these mycorrhizal

associations are important in assisting most of the land plants in the uptake of nutrients, 

protecting their roots against pathogenic infections and increasing tolerance to 

unfavourable soil conditions such as toxic ions (Harley & Smith, 1983; Brundrett 2002). 

Studies on the mycorrhizal association of M. uncinata have determined that this species

is able to form ECM and VAM (McGee, 1986; Warcup, 1991).

Melaleuca uncinata dominated plant communities in the southwest of Western Australia

are of vital importance as the only known habitat of the critically endangered 

underground orchid (Rhizanthella gardneri). This exclusive relationship was established 

during large-scale vegetation surveys conducted in 1980-1982 (Dixon & Pate, 1984). 

Previous studies by Warcup (1985) and Dixon et al. (1994) suggest that the survival of 

the underground orchid is dependant on the symbiotic association with a mycorrhizal

fungus that is shared with M. uncinata. Thus, successful establishment of the 

underground orchid in nature seems to occur only where a particular ectomycorrhizal

symbiont of M. uncinata occurs. It has also been reported that fungi isolated from R.

gardneri rhizomes with orchid mycorrhizas are able to produce ectomycorrhizal

associations with a sheath and Hartig net in other host plants such as Eucalyptus sieberi,

Poranthera microphyla and Leptospermum juniperinum (Warcup, 1985). However, it is

extremely rare for any mycorrhizal fungus to form two different types of mycorrhizal

associations (Brundrett, 2002), so the identity of the fungi which is involved in this 
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tripartite association and the nature of these associations with both host plants requires 

further investigation. 

The overall objective of the experiments presented in this chapter were to test the 

effectiveness of methods for the production of M. uncinata plants in association with a

compatible fungus for the culture of R. gardneri presented in the previous Chapter.

These experiments also aimed to investigate the relative importance of ectomycorrhizas

and vesicular arbuscular mycorrhizas and diversity of fungal mycorrhizal associates of 

M. uncinata roots grown in field soils or potting mix.

6.2. Materials and Methods 

Methods for growing M. uncinata in sterilized potting medium and for the inoculation 

of the soil with the mycorrhizal fungus are as explained in Chapter 5. Procedures used 

for the bioassay experiment where M. uncinata was grown in field soil and for the 

mycorrhizal assessment of M .uncinata roots from both experiments are described 

below.

6.2.1. Plant Material and Soils 

Fruits of M. uncinata were collected by harvesting branches from underground orchid 

(R. gardneri) habitats during surveys in 2001 and 2002 (Table 2.1). These were oven 

dried at 40°C overnight to release seeds, which were cleaned and stored at room

temperature in vials until needed.

Intact soil cores (approximately 12 cm diameter x 12 cm deep) were collected from 2 

sites in the habitat of the underground orchid in the Southern Wheatbelt of Western

Australia in June 2001 (Babakin and Corrigin) and 3 sites from southern habitats 

Munglinup (West Point, Cheadanup and Dallinup Creek) in 2002 (Table 2.1).

Melaleuca seeds were sown into pots containing a mixture with equal parts of the field 

soils and coarse sand. These were maintained in the glasshouse and positioned 

randomly. The seedlings were subsequently thinned to 2 - 3 plants per pot and were 

harvested after 6 and 11 months of growth. The roots of M. uncinata were carefully

removed from the pots by soaking in a bucket of water to ensure recovery of intact root 
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systems. The roots freed from soil were transferred into a jar. Root material was

randomly sub-sampled by chopping into 2 - 4 cm segments.

Roots were sampled from inoculated M. uncinata pots (Chapter 5) using a sterile soil 

corer (2 cm diameter X 10 cm deep) and transferred to Petri plates. Root samples were 

flooded with water to separate them from soil and sorted under a dissecting microscope

before collection in a clean vial of water. 

6.2.2. Mycorrhizal Assessment

Samples were cleared and stained and slide preparation made using standard methods

(Brundrett et al., 1996). The root samples were cleared with 10% KOH in an autoclave 

for 30 minutes at 121°C before staining. Cleared material was stained with trypan blue

(0.05% w/v) in lactoglycerol overnight. Stained roots were rinsed and stored in 50% 

glycerol. These roots were then placed on Petri dishes with a gridline. Total root length

and the proportion containing mycorrhizas were determined under a dissecting 

microscope using the gridline intercept method (Giovannetti & Mosse, 1985). VAM 

fungi were identified by the presence of vesicles and arbuscules and expressed as a 

percentage of primary root length. ECM root tips, defined as the swelling of lateral root 

tips enclosed by hyphae, were counted as root tips/m length. Stained root segments from 

representative samples of each experiment were arranged on a slide with fine forceps

and mounted with few drops of PVLG mountant (polyvinyl alcohol-lacto-glycerol).

These roots were examined under a compound microscope.

Microscopic observations of living roots were also used to identify mycorrhizal

associations. Intact root systems were photographed through window pots using a 

dissecting microscope to record variations in association morphology  (Fig. 5.1). Fresh 

root samples in water were also photographed.

6.3. Results 

6.3.1. Melaleuca uncinata Field Soil Bioassays 

Mycorrhizal bioassays showed that the roots of M. uncinata were highly colonised by

mycorrhizal fungi. Both ECM and VAM occurred in M. uncinata roots from most of the 
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surveyed sites (Fig. 6.1AB). In most samples VAM were more common than ECM. 

Both mycorrhiza types were often found together on the same segment of root (Fig 

6.2A, B). The presence of Glomus, Gigaspora, Scutellospora, and fine endophytes 

forming VAM roots were detected in root samples observed under the microscope (see

Fig. 6.2C-F). The presence of a Hartig net and mantle in roots confined the presence of

ECM association (Fig. 6.2G, H). ECM roots were found in soil from most sites but 

varied in morphology, demonstrating that several different fungi were present (Fig 

6.3A-D), while Rhizoctonia-like fungi were rarely found. Characteristics of ECM roots 

infected by the underground orchid fungi (Figs. 6.3, 6.4) were not detected in the 

bioassays.
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Figure 6.1AB. Degree of (A) vesicular-arbuscular mycorrhizal (VAM) and (B) 
ectomycorrhizal (ECM) colonisation of Melaleuca uncinata roots grown in soil from 5 
different habitats of underground orchid (Rhizanthella gardneri).
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6.3.2. Melaleuca uncinata Inoculated with Underground Orchid Fungi

Determination of morphological features of ECM roots formed by the two underground 

orchid fungi was based on the samples taken from the plants which successfully induced 

germination of Rhizanthella seeds. These distinctive mycorrhizal associations could be 

recognised by the presence of apically swollen roots colonized by coarse relatively 

straight brown hyphae (see Fig. 6.3). Under the compound microscope, ECM roots of 

this plant were characterized by swollen dark root tips covered by loosely woven thick 

dark-staining hyphae with monilioid cells and a characteristic branching typical of 

Rhizoctonia (see Fig.  6.4).

On the first attempt where M. uncinata pots were inoculated with the injection method

(Section 5.2.3), colonization by the fungus of the roots of M. uncinata was not observed 

within 3 weeks. Although hyphal growth had started, the swelling of the roots as a sign

of colonization were observed on only a few plants. The second observation 8 weeks

later revealed that mycorrhizal roots were evident in 6 plants. Most of the plants had 

formed mycorrhizal roots by the third observation, conducted eight weeks after the

second observation. However, ectomycorrhizal formation of the roots on these plants 

was patchy (Fig. 6.4). Some plants demonstrated strong mycorrhizal activity 

characterized by numerous swollen tips, but others were weak with only a few 

mycorrhizal root tips. The presence of a Thelephora species which fruited in some pots

allowed one of these ECM types to be later identified (Figs. 6.5, 6.6). 

Table 6.1. Results of observation of ectomycorrhizal roots of M. uncinata inoculated by 
underground orchid fungi using 4 different methods explained in Chapter 5.

Inoculum Substrate Starting date Inoculated pots Pots with ECM
Rg (injection 
method)

Potting mix 10-4-2002 24 8

Rg & Rs (old 
agar culture)

Sands and 
potting mix

30-6-2002 16 7

Rg & Rs 
(Millet seeds 1) 

Sand and 
potting mix

31-7-2002 6 6

Rg & Rs 
(Millet seed 2) 

Sand and 
potting mix

24-11-02 7 7

Notes: Rg = Rhizanthella gardneri, Rs = Rhizanthella slateri.

Mycorrhizal formation from the second attempt where fungal inoculum (millet seed) 

was thoroughly mixed with sand (see Chapter 5) was also patchy. Ectomycorrhizal
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colonization by the underground orchid fungi was observed on 4 plants of which only 1 

showed a high level mycorrhizal formation (see Fig. 6.3). Hyphal growth activities were 

observed after two weeks while the formation of mycorrhizal roots was observed after 5 

to 10 weeks.

Under the microscope, plants which were successfully colonized by the fungus of the 

underground orchid showed a large number of dark swollen roots colonized by dark 

thick hyphae with classic branching of Rhizoctonia and monilioid cells (Figs. 6.3, 6.4).

However, other types of hyphae produced by saprophytic fungi such as Alternaria and

Trichoderma, and Thelephora mycorrhizal roots, were also found (Fig. 6.6). Several 

morphotypes of root tips similar to those noted in the above experiment were also 

observed.

Figure 6.2. Mycorrhizal associations of Melaleuca uncinata roots grown in field

collected soils after clearing and staining with Trypan blue. These roots contain dual

vesicular-arbuscular mycorrhizal (VAM)/ ectomycorrhizal (ECM) associations (A, B), 

VAM associations (V) characteristic of Scutellospora (C), Glomus (D), and fine 

endophytes (B,E). Several types of ECM with a Hartig net (E) and mantle were also 

observed (F-H).

Figure 6.3. Ectomycorrhizal Melaleuca uncinata roots (E) associated with fungal

isolates from Rhizanthella showing characteristic appearance with thin mantle and 

attached brown hyphae (arrows), observed undisturbed in window pots (A-C), or after 

washing roots from soil (D-F). 

Figure 6.4. Ectomycorrhizal Melaleuca uncinata roots produced by inoculation of 

plants grown in potting mix with isolates from Rhizanthella. Roots were cleared and 

stained with Trypan blue. Endophytic hyphae of this fungus (H) occurred in some roots

along with moniliod cells (arrow) (A, B). Roots colonised by the fungus from 

Rhizanthella gardneri (C), or R. slateri (D) have a characteristic appearance with 

loosely woven mantle (E) and attached hyphae (arrow) (E, F). 

 86



Figure 6.2.
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Figure 6.3 
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Figure 6.4.
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Figure 6.5. The degree of mycorrhizal colonization of Melaleuca uncinata on sterilized 
potting mix inoculated by 2 underground orchid fungi with different methods of 
inoculation. ECM roots formed by all the plants in the experiment but only two plants
were intensely colonized by mycorrhizal fungi of underground orchids (dark green 
column). Other cases colonization by underground orchid fungi was less intense (light 
green column) or failed (unfilled column). (Each column represents a pot).

The millet seed that was used as a food base for the fungal inoculum in this trial, (see

Chapter 5, Exp. 3C) was often rapidly colonized by aggressive saprophytic fungi in 

soils. Since the inoculum was placed at two spots, the contaminants (especially species

of Penicillium and Trichoderma) were localized around the source of inoculum. These

saprophytic fungi grew faster than the fungus of the underground orchid, which 

persisted in some cases, but seemed to perish in others. Intense colonization by the 

fungus of the underground orchid was found in only two plants, but less successful 

establishment occurred in 6 other pots (Fig. 6.5). Microscopic observation showed the

same types of ECM roots (Fig. 6.6) and saprophytic fungi as those described in the 

preceding experiment.
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When the millet seed-based fungal inoculum was mixed throughout the potting medium

for the third inoculation trial (see Chapter 5, Exp. 3D), the saprophytic fungi were 

dispersed everywhere. In most cases, the growth of fungus of the underground orchid 

appeared to have been suppressed by these rapidly growing fungi. Although the overall 

success rate of orchid mycorrhizal fungus was low, there was successful establishment

in 2 plants (see Fig 6.5). Other saprophytic fungi and several types of ECM roots 

described in the preceding experiment were also found in this trial (Figure 6.6). By the

end of the observation period it was established that 13 pots showed sufficient activity 

of the Rhizanthella fungus to justify introduction of underground orchid seeds. 

Figure 6.6. Ectomycorrhiza and endophytic fungal which occurred as contaminants of 

glasshouse-grown Melaleuca uncinata. Nonmycorrhizal roots included for comparison

(A). Mycorrhizal roots associated with fruit bodies of Thelephora sp. (B). Other 

mycorrhizal root morphotypes associated with glasshouse contaminants (C,D). 

Thelephora sp. Fruit body (approximately 2 cm wide) in pot with M. uncinata (E). 

Spores of this fungus which was the most common contaminant in pots (F). Examples

of saprophytic fungi present in nonmycorrhizal M uncinata roots (G,F). All M uncinata

roots shown are 200 μm wide. 
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Figure 6.6. 
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6.4. Discussion

6.4.1. Field Soil Bioassays 

This is the first detailed description of mycorrhizal synthesis between M. uncinata and 

fungi of underground orchids. Bioassay experiments using field-collected soil 

demonstrated that mycorrhizal fungi were present in the habitat of R. gardneri although 

undetected in some soil samples taken at West Point and Cheadanup during a period of

severe drought. It is presumed that ECM roots colonized by Rhizoctonia-like fungi are 

important for survival of R. gardneri (Warcup, 1985), but this has not been tested by a

growth response experiment. We have observed that these fungi form a normal type of 

ECM associations that do not appear to harm these plants and are likely to be beneficial.

Melaleuca roots in the field soils can be colonized by numerous fungi including ECM,

VAM and saprophytic forms. Thus, fungal associations of the M. uncinata roots in 

nature are complex.

6.4.2. Melaleuca uncinata Inoculated with Underground Orchid Fungi 

The fungal inoculation methods used in these experiments were a preliminary attempt to 

establish an efficient method for production of mycorrhizal M. uncinata to support the

underground orchid (Chapter 5). Inoculation with old cultures (with sclerotia) by mixing

it thoroughly with potting mix provided the best result compared to other methods used 

in this experiment, although contamination by other fungi was a problem with all 

methods. The inoculation methods for Rhizanthella fungi require further investigation 

(see Chapter 5), but several considerations need to be taken into account. Firstly, fungi 

of the underground orchid are slow growers, so the dosage of inoculum should be 

optimized. This is shown by the experiment using the injection method where only a 

small amount of inoculum was introduced, resulting in the failure of the inoculated

fungus to establish. Secondly, in the case of agar culture inoculum, contamination can 

sometimes be reduced in preparation and handling.

The use of millet seeds as organic substrates for binucleate Rhizoctonia has been

reported by Harris et al. (1993) for the bioassay experiment with Capsicum. Rice hull or 

bran was reported to be more suitable since they contained only low nutrient levels 

which resulted in more controllable fungal infectivity. It is recommended that other 
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inoculum forms such as alginate beads used with ectomycorrhizal fungi (Brundrett et

al., 1996) be trialed in the future. 

Morphological examination of roots can distinguish ECM roots colonized by different 

fungi (Agerer, 1995). It was observed that ECM roots colonized by the fungi of the 

underground orchids are distinctive. Thus, it is possible to detect the appropriate fungus 

from field collected Melaleuca roots and recognize the inoculum level of the fungi of 

underground orchid both in the glasshouse and field.
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CHAPTER 7 

GENERAL DISCUSSION

7.1. Identification of Fungi Associated with the Underground Orchid 

This study resulted in the isolation and identification of the mycorrhizal endophytes of 

Rhizanthella gardneri and R. slateri, two myco-heterotrophic Australian orchids. 

Association of the endophytes with Melaleuca uncinata were subsequently investigated.

Isolation of the fungi from the rhizome of the underground orchid was the first 

important step in initiating the study of its mycorrhizas, producing fungal isolates which 

were the main component of every experiment in this study. Thus, the failure to obtain 

isolates from some of the underground orchid rhizomes sampled, deserves further 

investigation to determine if (a) age of tissue, (b) time of sampling, (c) environmental

conditions, (d) method of isolation, or (e) the type of media used, was responsible for 

the moderate success rate of isolation. Nevertheless, sufficient isolates were obtained to 

allow propagation and fungal identification studies to proceed. 

Distinguishing isolates of orchid fungi may not be possible if only morphological or 

microscopic characteristic are used. In this case, all the isolates from Rhizanthella were

very similar in appearance. Rhizoctonia-like fungi such as the Rhizanthella associates

can be identified using combinations of methods such as nuclear staining, biochemical

indicators, enzymatic tests etc. (Chapter 3).

It was not possible to place the fungi of R. gardneri and R. slateri in any genera using 

only morphological characters, as they share characteristics of both Thanatephorus and

Ceratobasidium. The number of nuclei is normally used to distinguish these two genera 

and the binucleate fungi of R. gardneri and R. slateri should best be accommodated

within Ceratobasidium. However, the sexual state produced by the R. slateri fungus had 

hyphal branching pattern that was characteristic of Thanatephorus. The taxonomic 

status of Thanatephorus gardneri, nominated for the fungus from R. gardneri by

Warcup (1991), is now in doubt (Roberts, 1999). More research on the Rhizoctonia

fungal associates of orchids are required to provide a useful classification system.
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On the basis of ITS sequencing, it was confirmed that the fungi associated with R.

gardneri and R. slateri both belong to the Rhizoctonia alliance. They are related to other

fungi, including Thanatephorus, Ceratobasidium and Rhizoctonia isolates from other 

countries, with over 90% homology to some of these fungi in a BLAST search.

However, they also were sufficiently distinct from other members of the Rhizoctonia

alliance to form a separate group in phylogenetic analysis. 

Other key findings resulting from the observations of this study include the

characterisation of the fungi from northern and southern populations, including the R.

slateri fungus from New South Wales and the ability to identify fungi in potential new 

habitats by the seed baiting method. A fungus closely related to those of the 

underground orchids in this study has also been recorded in Eucalyptus roots in a habitat 

where the orchid occurs, as Chen and Cairney (2002) submitted a DNA sequence to 

Gene Bank that was similar to those from Rhizanthella in the present study. This

suggested that it may be possible to detect potential new habitats for these orchids using 

DNA-based fungal identification methods.

7.2. Mycorrhizal Associations of Melaleuca uncinata

Mycorrhizal bioassay of M. uncinata grown in field soils demonstrated that there was a 

wide diversity of ectomycorrhiza-forming fungi present in the habitat of the 

underground orchid (Chapter 6). It has previously been reported that M. uncinata was 

able to form both VAM and ECM associations (McGee, 1986) as is common of the 

Myrtaceae (Lamont, 1979) as was confirmed by the present study. Both VAM and ECM 

fungi were very common and are essential to many plants in natural habitats (Brundrett, 

2002). Rhizoctonia-like fungi were also detected in some roots but were not common.

In the glasshouse experiment, M. uncinata was shown to have the ability to form

mycorrhizal associations with fungi which may not occur in their original habitat. Many 

soil contaminants commonly found in the glasshouse were observed to form

ectomycorrhiza with M. uncinata, including a Thelephora sp. widespread in West

Australian nurseries. Despite the presence of contaminants, fungi of R. gardneri and R.

slateri were successfully established as mycorrhizal partners of M. uncinata plants in 

the glasshouse.
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Morphological features of the roots formed by ectomycorrhizal fungi allow some fungal 

associations to be easily distinguished. These glasshouse experiments showed that 

swollen root tips colonized by underground orchid fungi were highly distinctive. Thus, 

it is possible to detect the presence of the orchid fungi from field collected Melaleuca

roots and determine new potential habitats for the underground orchid. 

7.3. Symbiotic Germination of Underground Orchids. 

Underground orchid seed germination occurred very rarely in sterile conditions, but was 

more frequent in glasshouse pots which had numerous Melaleuca ectomycorrhizal roots

and hyphae associated of the appropriate fungus (Chapter 5). After inoculation, these 

fungi were slow to become established with Melaleuca, so other contaminating

ectomycorrhizal fungi eventually became established in many pots. However, none of 

these other ectomycorrhizal fungi supported the germination of underground orchids. 

Future work is required to optimise inoculation procedures for these fungi. 

These germination results provide further evidence to support the earlier finding that R.

gardneri is involved in a tripartite relationship with the autotrophic plant M. uncinata

(Warcup, 1985).  The physiological state of the fungi may also be one of the most 

important factors that determine the orchid-fungi interaction. It has been demonstrated

in this study that when the fungal growth was too vigorous, the fungus appeared to 

become parasitic on the orchid. This also explains why these orchids are rare in nature,

since they have extremely specific habitat requirements for Melaleuca-associated fungi 

and environmental conditions which affect the nature of plant-fungi interactions. 

7.4. Conclusions 

This research was successful in establishing the identity of the fungi associated with R.

gardneri and R. slateri. Both orchid symbionts of R. gardneri and R. slateri were also 

capable of forming ectomycorrhizal association with M. uncinata. The relationship 

between R. gardneri and its mycorrhizal fungus appear to be extremely specific. The

ability of the fungus to form mycorrhiza with the orchid and the Melaleuca host 

suggests that it may act as a nutritional link for the orchid. However, there is a need for

further study to confirm this hypothesis. 
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Outcomes of this research which are directly relevant to conservation of the 

underground orchid include:

(i) the capacity to precisely identify fungal associates of these critically endangered 

orchids using DNA based technologies,

(ii) optimisation of means for propagating these fungi in sterile culture, and

(iii) optimisation of means for propagating the underground orchids in tripartite 

system with M. uncinata in the glasshouse.

These techniques are directly relevant to the recovery of the underground orchids, as 

they will allow potential new habitats to be identified and plants to be propagated for 

field establishment.
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APPENDIX 1 

REAGENTS/BUFFERS FOR DNA EXTRACTION 

1. Extraction Buffer

For 250 ml

1 M Tris HCl pH 8.5 50.0 ml

5 M NaCl     12.5 ml

0.5 M EDTA pH 8 12.5 ml

10% SDS     12.5 ml

Distilled water           162.5 ml

Stock solution for 1 M Tris-HCl pH 8.5 

For 500 ml

Tris-base (MW = 121.1) 60.5 g 

Distilled water           400.0 ml

Adjust the pH by concentrated HCl 20.0 ml

Make up to 500 ml.

Stock solution for 5 M NaCl 

For 250 ml

NaCl      73.05 g

250 ml distilled water    250 ml

Stock solution for 0.5 M EDTA pH 8 

For 250 ml

EDTA (acid)     36.531 g

Distilled water    200 ml

10% SDS

For 250 ml

SDS      25 g

Distilled water    250 ml
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2. Tris - EDTA (TE) Buffer

Tris-HCl     10 mM

EDTA pH 8     1 mM

3. 3M Sodium Acetate pH 5.2 

CH3COONa.3H2O    408.1 g

Distilled water    1.000 ml

pH adjusted to 5.2 by adding glacial acetic acid

Autoclave all stocks and stored at temperature room.

4. AGAROSE GELS 

Agarose gel     1.2 g

TBE (1X)     120 ml

5. TBE (5X) 

For 1 liter 

Tris      54.0g 

Boric Acid     27.5g 

EDTA      3.72g 

Distilled water         1000 ml 
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