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CHAPTER 1 
 
 

INTRODUCTION - CHARACTERISTICS OF WOOD 
 
 
Wood may become decayed under a wide range of 
circumstances; within the living tree or after felling or 
pruning, in dead trunks, logs, stumps and branches.  The 
process and rate of decay is influenced by innumerable 
factors including the type of wood (whether it is 
softwood or hardwood, sapwood or heartwood, living or 
dead), its moisture content, nitrogen content, 
temperature, etc. (Rayner and Todd 1979). 
 
Wood is a high calorie carbon source, it is highly 
polymeric and insoluble and must be depolymerized before 
it can be utilized by a wood-destroying organism such as 
a basidiomycete fungus (Montgomery 1982).  This is 
achieved by the use of extra cellular enzymes.  These 
enzymes must be small to facilitate penetration of the 
substrate, should remain active for as long as possible 
and be ironically suited their environment (Montgomery 
1982) if they are to be efficient. 
 
Hardwoods are characterized by having vessels serving for 
fluid conduction and fibres for strength, whereas 
softwoods have tracheids which serve for both functions.  
These cells are similar in structure and all have 
laminated walls (Montgomery 1982). 
 
The constituents of a wood cell are cellulose, 
hemicelluloses, lignins (Kaarik, 1974), extractives, 
minerals and water (Montgomery 1982) which vary 
throughout the wall (Kaarik 1974, Montgomery 1982). 
 
Typical woody cell walls consist of middle lamella (ML), 
primary wall (P), secondary wall (S1), central layer (S2) 
and inner layer (S3) (Wilcox 1970, Kaarik 1974).  A 
compound middle lamella, consisting of true middle 
lamella and two adjacent primary walls (Wilcox 1970), is 
made up mainly of lignin (Kaarik 1974), and the S1, S2, 
and S3 layers contain different proportions of cellulose, 
hemicelluloses and lignin (Kaarik 1974).  (See Figure 1, 
page 7.) 
 
All cellulosic materials have microscopic capillaries and 
sub microscopic capillaries and spaces which are 
important for decay organisms (Montgomery 1982).  These 
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open spaces provide routes for colonization and ready 
diffusion of oxygen and flow of water, facilitating the 
diffusion of enzymes and their products to and from decay 
organisms (Montgomery 1982). 
 
Woody tissues are distinguished from other plant material 
by their high content of lignocellulosic material (Kaarik 
1974) and by their very low nitrogen content (Levi and 
Cowling 1969, Kaarik 1974) both having a negative effect 
on the growth and degradative activity of micro-organisms 
(Scheffer and Cowling 1966, Kaarik 1974). 
 
Under conditions favouring destruction of wood by micro-
organisms, sapwood is usually destroyed more quickly than 
heartwood (Platt et al, 1965, Kaarik 1974).  In tree 
species having strong and natural resistance to fungi or 
other destructive organisms, resistance is found in the 
heartwood only (Platt et al. 1965, Kaarik 1974) and the 
tendency, in both hardwoods and conifers, is for outer 
heartwood to be more durable than inner heartwood 
(Scheffer and Cowling 1966, Kaarik 1974).  Some 
substances offering resistance for fungal attack are 
phenolic and quinonic compounds, tropelenes and tannins 
(Scheffer and Cowling 1966, Kaarik 1974). 
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CHAPTER 2 
 
 

TYPES OF WOOD DEGRADATION 
 
 
Originally Basidiomycetes were regarded as the principal 
agents of wood-decay (Kaarik 1974, Mercer 1982).  
However, recently it has been shown that a wide range of 
micro-organisms including:  Basidiomycetes, Ascomycetes, 
Fungi Imperfecti, Phycomycetes and Bacteria (Kaarik 1974, 
Blanchett and Shaw 1978, Shigo and Hillis 1973, Shortle 
and Cowling 1978, Rayner and Todd 1979, Mercer 1982), are 
involved in the decay process.  Other organisms such as 
nematodes and insects (Whitney and Cobb 1972, Hanlon and 
Anderson 1979, Parkinson et al. 1979) may be involved.  
Representation of these groups appear at different stages 
of degradation and act differently on wood cells (Kaarik 
1974, Rayner and Todd 1979). 
 
The primary infection depends on the presence of pioneer 
organisms and on the condition of the wood at the initial 
exposure (Kaarik 1974).  Continuous changing of the 
substrate together with interaction of the organisms 
themselves during decay results in successive changes in 
the micro-organisms involved in the decay process (Kaarik 
1974). 
 
Most damage caused by fungi in the stems of living trees 
is caused by Basidiomycetes (Basham and Anderson 1977).  
Most wood-decay organisms, especially Basidiomycetes, are 
thought to invade trees by way of wounds or weakened 
areas of the tree (Wagner and Davidson 1954, Mercer 
1982).  Dead branches are potential avenues to the stem 
for decay-causing fungi in all tree species (Basham and 
Anderson 1977). 
 
Wounds permitting entry can also occur in the roots (Waid 
1974, Popoff et al. 1975), however, some fungi such as 
Heterobasidion annosum can enter uninjured roots as a 
complete pathogen (Mercer 1982) and enter the trunk via 
the live tissues. 
 
Many lignicolous fungi (fungi growing in or on wood) feed 
only on the cell contents, whilst others will continue 
their attack by utilizing the constituents of the cell 
walls (Kaarik 1974). 
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Wood-inhabiting micro-organisms can be grouped into the 
following major categories according to their enzymatic 
activity (Kaarik 1974): 
 

1. Fungi largely exhausting dead cell contents, not 
enzymatically degrading lignified cell walls:  (a) 
moulds; (b) blue stain fungi. 

 
2. Organisms capable of enzymatic breakdown of 

lignified cell walls:    
  (i) with a limited degradation ability:   
   (c) bacteria;  (d) soft-rot fungi. 
 
  (ii) the decay fungi, generally with a high 
degradation capability: 
   (e) brown-rot fungi;  (f) white-rot fungi 
 
Moulds usually belong to either the Ascomycetes or Fungi 
Imperfecti (Wilcox 1970).  They feed mainly on dead cell 
contents and their hyphae accumulate in the ray 
parenchyma cells completely destroying the cell walls 
(Wilcox 1970, Kaarik 1974). 
 
Blue stain fungi are characterized by their pigmented 
hyphae, causing discolouration of wood.  They belong to 
the Ascomycetes and Fungi Imperfecti (Leise, 1970, Wilcox 
1970) and display wide physiological and ecological 
variations.  Initially their hyphae grow in the ray 
parenchyma cells of softwoods taking their nutrients from 
the storage material of the cells (Leise 1970).  In 
hardwoods, blue stain fungi colonize the vessels and can 
also be found in the fibres and tracheids around the rays 
(Wilcox 1970, Kaarik 1974). 
 
The major portion of the deterioration attributable to 
mould and stain is not decomposition but discolouration 
caused by pigmentation within the penetrating hyphae 
(Leise 1970) in the case of stains, or by pigments only 
in the surface formed conidia in the case of moulds 
(Wilcox 1970).  They cause little damage to the structure 
of the wood they inhabit (Leise 1970).  It is not clear 
how hyphae can invade lignified walls, as the blue stain 
fungi lack an enzyme system capable of degrading cell 
wall constituents (Leise 1970). 
 
Decomposition of cell walls by bacteria is a slow 
process, which may already begin in standing trees 
(Kaarik 1974), mainly concentrating on parenchyma cells 
of the rays where they can destroy both storage materials 
and cell walls (Wilcox 1970).  Bacterial attack is found 
on wood after long exposure in places where the wood had 
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a constant high moisture content, usually occurring as a 
mixed infection with fungi (Kaarik 1974, Blanchett and 
Shaw 1978, Swift et al. 1979). 
 
SOFT-ROT is caused by fungi belonging to the Ascomycetes 
and Fungi Imperfecti (Wilcox 1970, Leise 1970, Kaarik 
1970, Rayner and Todd 1979) which are able to cause 
limited enzymatic degradation of wood.  Soft-rot 
organisms are very adaptable and able to degrade a wide 
variety of woods.  These fungi principally attack 
carbohydrates, namely cellulose and polysaccharides in 
the walls, and lignin is modified, perhaps degraded, to 
some extent.  Attack is slow and does not penetrate 
deeply, affecting mainly surface layers of the wood 
(Savoy 1954, Wilcox 1970, Rayner and Todd 1979) moving 
inwards as outer surfaces deteriorate (Wilcox 1970).  
Attack is local to the hyphae (Wilcox 1970) due to 
limited diffusion of enzymes away from hyphal surfaces 
(Montgomery 1982, Karrik 1974). 
 
In the early stages attack is restricted to the ray 
parenchyma and later when cell contents are exhausted, 
hyphae may penetrate into the walls of lignified cells 
where development continues in the S2 layer (Wilcox, 
1970, Kaarik 1974) of the secondary wall which is low in 
lignin (Montgomery 1982). 
 
Enzymes involved are liberated from both the hyphal tips 
and lateral surfaces of the hyphae, however, in contrast 
to the brown-rots whose enzymes diffuse into the inner 
layer of the cell wall, the enzymatic action of the 
white-rot fungi is restricted to the cell wall layers in 
the immediate vicinity of the hyphae (Kaarik1974). 
 
White-rot attack is characterized by the gradual thinning 
of the cell walls in both hardwoods and softwoods (Wilcox 
1970, Kaarik 1974).  As with the brown-rot, both uniform 
and irregular hyphal distributions within tissues have 
been reported.  Early wood appears to be more resistant 
than late wood to white-rot attack (Leise 1970, Kaarik 
1974). 
 
Figure 1 shows diagrammatically the three main types of 
wood degradation. 
 

Robinson 1986.  Biological Aspects of Heterobasidion hemitephrum.  University of Tasmania. 



 11

 
 

Figure 1.  Diagram of wood cells in transverse section showing 
patterns of degradation produced by three types of wood decay fungi 

(from Montgomery 1982) 
 
 
 
In summary, wood deterioration is caused by three major 
types of micro-organisms that inhabit the cells of wood 
and obtain their nourishment by metabolizing the wood 
constituents (Scheffer and Cowling 1966).  These micro-
organisms can be wither decay or non-decay species.  The 
non-decay species, moulds and blue stain fungi, belong to 
the Ascomycetes and Fungi Imperfecti and gain their 
nutrient from the contents of dead parenchyma cells 
without degrading lignified cell walls.  In either case 
the attack on wood is similar to the early stages of 
soft-rot (Wilcox 1970).  Bacteria mainly attack 
parenchyma cells of the rays and increase the 
permeability of wood (Scheffer and Cowling 1966).  
However, they usually occur as mixed infections with the 
decay fungi. 
 
The decay fungi are characterized by possessing enzymes 
capable of degrading cell substances, seriously reducing 
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the strength of wood.  Those causing soft-rot belong 
mainly to the Ascomycetes and Fungi Imperfecti while 
those causing brown-rot and white-rot belong mainly to 
the Basidiomycetes, along with a few Ascomycetes.  Soft-
rots and brown-rots are capable only of polysaccharide 
degradation, whereas white-rots are capable of degrading 
both polysaccharide and lignin constituents of the cell 
wall.  The enzyme action of white-rots and soft-rot fungi 
is restricted to cell wall layers in the immediate 
vicinity of the hyphae, while enzymes produced by the 
brown-rot fungi diffuse into the inner layer of the cell 
wall.  Soft-rots are considered to be between the blue 
stain fungi and the decay fungi (Wilcox 1970, Kaarik 
1974) and are confined to (the) surface layers of wood, 
being most common under extreme high moisture conditions. 
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CHAPTER 3 
 
 

PROCESS OF INFECTION 
 
 
Decay and degradation usually begins in the still living 
tree (Harley 1971), thus it is logical to begin a study 
of the decomposition of plant remains with the living 
healthy plant (Hudson 1968), looking at the process from 
host reactions towards invasion to the decomposition of 
the decaying log lying on the ground. 
 
The classic concept that most decay in standing trees 
originated by saprotrophic growth in dead heartwood no 
longer holds and many authors (e.g. Shigo 1965, Basham 
and Anderson 1977, Mercer 1982) have shown that 
colonization can occur other than via heartwood by micro-
organisms including bacteria, non-hymenomycetes and 
hymenomycetes (Boddy and Rayner 1983). 
 
There appear to be differing theories regarding host 
reactions to invasion by micro-organisms following 
wounding of a living tree.  Many authors (e.g. Shigo 
1965, Shigo and Shortle 1979, Shortle and Cowing 1978, 
1978b, Shain 1971, 1979, Kaarik 1974, Boddy and Rayner 
1983) recognize that invasion by micro-organisms 
immediately after wounding, results in discolouration of 
wood tissues in the vicinity of the wound. 
 
Bacteria and non-hymenomycetous fungi are commonly 
isolated from discoloured wood in living trees.  It is 
thought that these micro-organisms intensify wood 
discolouration by interacting with live wood and may be 
important in decay caused by wood-destroying 
Basidiomycetes (Shigo and Hillis 1973).  However, decay 
fungi may cause wood discolouration following wounding 
independent of pioneer fungi and induce a host response 
which suppresses their growth (Shortle and Cowing 1978b). 
 
The host response results in the laying down of physical 
and chemical barriers around the wound, which in turn 
results in a limitation of the spread of invading micro-
organisms (Mercer 1982).  Shain (1967) defined these 
barriers as reaction zones and showed that these zones 
were phenol-enriched and resin soaked, formed in advance 
of the invading pathogen.  Later, however, Shain (1975) 
defined two types of tissue produced by the host in 
advance of infection by decay fungi.  A pale transition 
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zone, contiguous with the functional sapwood is formed 
and the reaction zone which is contiguous with the 
infected wood is considered to be a product of the 
transition zone.  Shain (1979) suggests that reaction 
zone polyphenols are maintained at high levels by 
continuous release as part of a dynamic host response, 
constituting a one-step defence barrier (Boddy and Rayner 
1983), however, the reaction zone can be breached 
resulting in successive reaction zones, often at 
decreasing intervals with the older zones becoming 
progressively discoloured (Shain 1979, Mercer 1982). 
 
Shigo (1972) refined Shain's concept, suggesting that 
decay associated with wounds on tree trunks is 
compartmentalized or confined to the wood present at the 
time of wounding.  This led to the "expanded concept of 
tree decay" (Shigo and Shortle 1979) which suggests that 
trees are compartmentalized plants that wall off injured 
and infected wood associated with wounds abd that many 
micro-organisms are involved in the process (succession) 
that result in discoloured and decayed wood.  
Compartmentalization suggests that further spread is 
prevented by a series of barriers (see Fig. 2) in all 
planes of the tree (Shortle 1979, Mercer 1982).  The 
cumulative effect of walls 1, 2 and 3 and the immediate 
effect of wall 4, which is regarded as an unbreachable 
barrier, impedes further colonization of wood tissues 
(Boddy and Rayner 1983). 
 
While Boddy and Rayner (1983) agree that initial access 
of fungi which will ultimately bring about decay or 
discolouration is dependent on entry via discontinuities 
in the outer covering of the tree, both Shain and Shigo's 
concepts are centred on the role of major stem wounds, 
not only as entry points, but as locations around which 
establishment and spread of decay and discolouration is 
focused.  However, they (Boddy and Rayner 1983) insist 
that major wounds do not explain patterns of decay 
predisposed by abiotic or biotic environmental tresses to 
disease and decay.  Such decay produces extensive 
individuals of Basidiomycotina or xylariaceous 
Ascomycotina occupying considerable volumes of wood 
within a short time (Boddy and Rayner 1983) indicating a 
mechanism of colonization other than mycelial growth from 
a single infection court since the latter would probable 
occur too slowly (Boddy and Rayner 1982). 
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Figure 2.  Diagram of a longitudinal and transverse section through a 

wound, showing the compartment produced by wall types 1 to 4, as 
defined by Shigo (from Mercer 1982). 

 
 
 
Studying decay in oak branches, Boddy and Rayner (1983b) 
showed that extensive decay occurred in attached branches 
showing little obvious sign of major wounding, and 
suggested that such decay may well be more representative 
of natural processes and is likely to have a different 
aetiology (initiation or cause) from that following 
wounding.  Boddy and Rayer (1981) observed some fungi 
(e.g. Exiclia glandulosa Fr., Hyphoderma setigerum (Fr.) 
Donk, Phellinus ferreus (Pers.) Bourd and Galz., Stereum 
gausapatum Fr. and Vuilleminia comendens (Nees ex Fr.) 
Maire) which appeared to be capable of invading living 
branches of oak.  Boddy and Rayner (1982, 1983) imply 
that such fungi may be present in the functional sapwood 
as separate mycelial units such as buds, cells, mycelial 
fragments, oidia, etc. which could be disseminated widely 
within the sapstream, reverting later to mycelial 
development and consequent decay associated with loss of 
sapwood function. 
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However, this would require the length of the vessels to 
extend though almost the entire length of the tree, but 
vessels are not of indefinite lengths (Esau 1977), except 
in some species with especially wide vessels in the early 
wood (ring-porous wood) (Esau, 1977), and movement of 
water from vessel to vessel occurs through pits that are 
not penetrable to particulate matter (Esau1977).  This 
makes Boddy and Rayner's concept appear questionable. 
 
Reaction zones and compartmentalization are suggested to 
be active defence responses of living tissues to invasion 
by micro-organisms (Shain 1967, 1975, Shig 1972, Shigo 
and Hillis 1973).  However, Boddy and Rayner (1983) 
suggest that given the high moisture content and lack of 
freely available nutrients in functional sapwood, there 
is no need or requirement for an active host response to 
infection, but merely a non-specific mechanism to 
maintain sapwood function adjacent to damaged or non-
functional tissue. 
 
Shain and Shigo's concepts depend on the concept of fungi 
toxic polyphenols being produced at sufficient levels to 
arrest fungal growth.  Boddy and Rayner (1983) suggest 
this is likely to be untrue as extractives from the 
heartwood of certain trees are not particularly fungi 
toxic (Rayner and Hedges 1982), however, they do not 
state whether these extractives were obtained from 
uninfected heartwood or from the dark reaction zones 
present in infected heartwood.  The question of nutrients 
not being available in functional sapwood also appears to 
be questionable.  Bidwell (1979) states that the xylem in 
trees may at times contain considerable amounts of sugars 
and other organic compounds, especially in the spring. 
 
Strongly associated with the concepts of reaction zones 
and compartmentalization is the idea that discolouration 
and decay in living trees is brought about by a wide 
variety of interacting organisms which develop in the 
tissues present at the time of wounding and colonize in 
succession (Shigo and Sharon 1968, Shigo 1972, Shigo and 
Hillis 1973). 
 
Pioneer species are thought to be non-Basidiomycetes and 
bacteria which colonize the discoloured wood surrounding 
decay associated with a wound.  It is thought that these 
micro-organisms intensify wood discolouration by 
interacting with live wood (Shigo and Hillis 1973) 
necessarily preceding the decay species, perhaps 
ameliorating conditions for the Basidiomycetes by 
detoxifying wood preservative naturally occurring 
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heartwood toxins (Merrill and French 1966) and phenolic 
inhibitors released by the active response of invaded 
sapwood (Shigo, from Boddy and Rayner 1983).  However, 
the lack of spatiotemporal considerations in succession 
studies and the fact that extension of indeterminate 
mycelial thalli is an integral part of community 
development, brings into question the applicability of 
successional principles to community dynamics of fungi 
(Boddy and Rayner 1983).  The fact that successful 
establishment of appropriate Basidiomycete species from 
deliberate inoculations (Rayner 1979) immediately 
questions late Basidiomycete colonization and the 
necessity of pre-conditioning of the wood. 
 
Boddy and Rayner (1983) suggest the apparent predominance 
of non-decay species at early stages of community 
development is more probably a reflection of the 
particular circumstances of entry via major wounds, which 
expose considerable volumes of wood to immediate 
colonization, and the succession concept omits 
consideration of patterns of decay development in 
attached branches showing little obvious sign of major 
wounding.  They (Boddy and Rayner 1983b) also suggest 
that some Basidiomycetes act as pioneers, directly 
colonizing the living tissues and that such tissues may 
actually need to be present for these fungi to become 
established and form extensive heterokaryotic individuals 
in branches within as little as a single growing season.   
 
Although there appears to be little agreement on the 
pattern of fungal attack of wood of living trees by Boddy 
and Rayner, they do agree that patterns of decay are 
extremely varied and difficult to generalize about (Boddy 
and Rayner 1983). 
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CHAPTER 4 
 
 

FACTORS AFFECTNG FUNGAL GROWTH IN DECAYING WOOD 
 
 
Wood is a comparatively difficult substrate for the 
growth and development of micro-organisms (Levi and 
Cowling 1969) and the type and intensity of decay is 
affected by the ability of the fungi colonizing the wood 
to utilized available carbon sources (Rayner and Todd 
1979).  However, establishment and growth of the fungi 
can be influenced by a number of environmental factors as 
well as physical and nutritional characteristics of the 
wood. 
 
The most critical environmental factors affecting the 
development of wood-rotting fungi appear to be 
temperature and water availability (Gilbertson 1980).  
Organisms involved in wood decomposition are largely 
mesophylic and generally unable to grow above 40 degrees 
C. (on agar-data obtained from wood are insufficient, 
Kaarik 1974) with an optimum temperature for growth 
between 24-30 degrees C. (Rayner and Todd 1979, Kaarik 
1974).  However, optima may be as low as 20 degree C. for 
some species and as high as 35 degrees C. for others 
(Gibertson 1980) and some lignicolous fungi have a 
special tolerance to extreme temperatures (Kaarik 1974). 
 
Moisture content of wood is of considerable significance 
in relation to growth of decay fungi (Meredith 1960).  In 
general wood-rotting fungi can metabolize actively in 
wood only if its moisture content is above the fibre 
saturation point (Scheffer and Cowling 1966, Peterson and 
Cowling 1973) which is normally about 25% (Gilbertson 
1980).  Generally 26-32%, on a wet weight basis, is 
necessary for the initiation of decay and optimum growth 
occurs at about 40% (Rayner and Todd 1979).  Above about 
25% moisture, free water is available on the surfaces of 
cell walls as a medium for diffusion of fungal enzymes 
from hyphae to the complex polymers and for diffusion of 
soluble products of enzymatic degradation to the hyphae 
(Gilbertson 1980). 
 
Below the fibre saturation point, decay is not likely, 
however, once established, many fungi can survive for 
some time if the moisture level falls below this point.  
Peterson and Cowling (1973) demonstrated that Coriolus 
versicolor can adjust the moisture content of wood to 
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some degree by transfer of water through its own 
mycelium.  Above 40% moisture, conditions tend to become 
increasingly anaerobic and growth of most wood-decay 
fungi declines (Meredith 1960, Peterson and Cowling 1973, 
Rayner and Todd 1979).  However, some fungi are capable 
of tolerating high moisture levels.  It is under 
conditions of high moisture content that the soft-rot 
fungi display their importance in wood decomposition, not 
so much in their deterioration capacity, as in their 
ability to grow under physiological conditions which 
prevent the growth of other fungi (Kaarik 1974). 
 
The influence of moisture content of wood on fungal 
colonization is clearly demonstrated by Levy (1982) and 
Kaarik (reported in Kaarik 1974), using decorticated 
posts standing in soil.  Posts standing n soil show a 
clear moisture gradient and three groups of fungi can be 
distinguished (Kaarik 1974, Levy 1982); (i) those 
attacking the moist subterranean parts; (ii) those 
primarily attacking the drier aerial parts; and (iii) 
those fungi colonizing the post in the ground line 
region, that is, attacking both aerial and subterranean 
parts of the post.  It is in this region of the post that 
conditions are both wet enough and yet sufficiently 
aerobic to allow fungal growth (Kaarik 1974, Levy 1982) 
and loss of strength caused by decay by Basidiomycetes 
usually occurs (Levy 1982). 
 
Wood contains much less nitrogen (N) per unit of 
available carbon (C) than mos other types of plant 
tissues (Levi and Cowling 1969) with C:N ratios in most 
cases being between 350:1 and 500:1 (Scheffer and Cowling 
1966, Rayner and Todd 1979) and sometimes as high as 
1250:1 Sitka spruce (Picea sitchensis) (Scheffer and 
Cowling 1966).  Such high C:N ratios support little 
growth for most saprophytic organisms (Scheffer and 
Cowling 1966).  However, despite the comparative 
deficiency of nitrogen in wood, in nature wood-destroying 
fungi rapidly metabolize the carbon-rich cellulose, 
hemicelluloses and lignin in wood (Levi et al 1968) and 
often produce large fruit bodies and enormous numbers of 
spores that are comparatively rich in nitrogen (Levi and 
Cowling 1969, Vogt and Edmonds 1979).  Not all nitrogen 
is removed from adjacent decayed wood however, or even 
the wood some distance away from the fruit body (Merrill 
and Cowling 1966), thus nitrogen required by wood-
decaying fungi for sporolation must be derived from very 
large volumes of wood or from sources outside the wood 
itself. 
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Wood-decay fungi have apparently developed very efficient 
mechanisms for assimilation, metabolism and conservation 
of the small amounts of nitrogen present in wood (Cowling 
and Merrill 1966).  Levi and Cowling (1969) suggest three 
possible mechanisms to explain this capacity;  (i) 
reutilization of available nitrogen by a dynamic and 
continuous system of autolysis of less active cells and 
reuse of nitrogenous constituents by more active mycelia 
without significant loss;  (ii) utilization of nitrogen 
from sources outside the wood itself, such as atmospheric 
nitrogen; and (iii) physiological adaptions that result 
in peripheral allocation of available nitrogen to 
metabolically active substances and pathways that are 
highly efficient in the utilization of wood constituents. 
 
Merrill and Cowling (1966) and Levi and Cowling (1969) 
also showed that a wide variety of wood-destroying and 
wood-inhabiting fungi adapt the nitrogen content of their 
mycelium to that of the substrate on which they were 
growing.  Vogt and Edmonds (1979) also showed that fruit 
bodies produced in wood contained less nitrogen than 
those produced on the forest floor. 
 
Although reports of fungi being able to fix nitrogen have 
been discredited (Sharp and Millbank 1973), Sharp and 
Millbank (1973) postulate that it may be possible for 
ther micro-organisms, such as bacteria, to penetrate wood 
and fix nitrogen making it available in some form 
suitable for fungal growth.  Blanchett and Shaw (1978) 
also suggest that bacteria may supply essential vitamins 
or growth-forming substances to wood-decay fungi and the 
ability of some wood-inhabiting bacteria to fix nitrogen 
could enhance mycelial growth and have a marked effect on 
the rate of decomposition.  Earlier Levi et al (1968) 
suggested that nitrogen may also become avalaible due to 
lysis of other fungi present in wood during decay. 
 
Of fungi studied by Levi et al (1968), white-rot fungi 
were more efficient in utilization of nitrogenthan brown-
rot fungi of wood inhabiting Ascomycetes.  White-rot 
fungi, as a group, are unique in their ability to produce 
diffusable celluloytic enzymes at C:N ratios of 2000:1 
(Levi and Cowling 1969). 
 
Other characteristics of wood thought to affect fungal 
growth have received only limited attention. 
 
Wood inhabiting Basidiomycetes show a far greater 
tolerance to high carbon dioxide (CO2) levels than 
litter-decomposing species (Kaarik 1974), however, the 
response is variable.  Accumulated carbon dioxide causes 
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rapid growth of vegetative mycelium within the wood in 
some species resulting in production of reproductive 
structures on reaching normal air, while in some species 
growth itself is inhibited (Kaarik 1974). 
 
In general, most wood samples have a pH of 4 to 6, which 
corresponds with the range for growth of many wood-decay 
species (Rayner and Todd 1979).  However, tolerance of 
acidity, due mainly to the presence of acetic acid in 
tree species such as oak or chestnut (Rayner and Todd 
1979), is greater in wood inhabiting Basidiomycetes than 
litter-decomposing species (Kaarik 1974) and fungi 
typical of dicotyledonous wood are generally more 
tolerant of acidity than those of coniferous wood (Rayner 
and Todd 1979), when growth on artificial medium. 
 
In living trees, sapwood is rarely decayed except by true 
parasites (Rayner and Todd 1979), however, as levels of 
resistance decline sapwood becomes increasingly 
susceptible to colonization by saprophytes (Rayner and 
Tood 1979).  In felled trees, however, sapwood is more 
susceptible to decay than heartwood which usually 
contains large amounts of anti-metabolies, such as 
tannins in hardwoods and terpenoids, tropolenes and 
flavonoids in gymnosperms, which are strongly fungitoxic 
or fungistatic (Rayner and Tood 1979).  Tannins, for 
example, are known to inhibit fungal enzymes (Harrison 
1971). 
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CHAPTER 5 
 
 

CONCLUDING COMMENTS 
 
 
This brief summery deals mainly with the physical 
breakdown of stem wood by wood decay fungi.  The chemical 
aspects of polysaccharide and lignin deterioration are 
more than adequately covered by Montgomery (1982) and 
Kirk and Fenn (1982), respectively. 
 
Roots also form a considerable proportion of a plants 
biomass and the decomposition of root wood is adequately 
reviewed by Waid (1974). 
 
Fungi are not the only organisms present in decaying wood 
and in some cases these other organisms, which include 
bacteria and invertebrates, play a very important , or 
even principal, role in wood decomposition (Rayner and 
Todd 1979). 
 
The role of bacteria in wood decomposition has already 
been briefly discussed (refer Chapters 2 and 3) and as 
already mentioned bacteria usually occurs as a mixed 
infection with fungi.  Besides being viewed as 
preconditioning agents in wood prior to Basidiomycete 
infection (refer Chapter 3), Blanchet and Shaw (1978) 
observed significant increases in decay and a marked 
stimulating effect on mycelial growth (of Basidiomycete 
fungi) in wood decay treatments combining bacteria, 
yeasts and Basidiomycetes. 
 
Swift et al (1976) observed invasion of wood by wood-
boring animals shortly after branch fall, and suggest 
internal animal activity contributes to a fragmentation 
phase in which the decaying wood loses coherence and 
becomes indistinguishable from the umus horizons of the 
soil.  Other authors (such as Rayner and Tood 1979, 
Hanlon and Anderson 1979, Parkinson et al 1979) suggest 
that invertebrates (namely Collembola) may have 
significant effects, as a result of selective grazing or 
importation of fungal inoculum, on decay and decay 
communities. 
 
The concept of fungal successions occurring throughout 
the decay process has recently been challenged by Boddy 
and Rayner (1983 -refer to Chapter 3) and as yet does not 
seem to be resolved.  However, major successional studies 
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on micro-organisms involved in wood decay are reviewed by 
Kaarik (1974). 
 
Despite the activity of other organisms involved in wood 
decomposition, in temperate regions (where termites are 
absent) fungi can be regarded as the principal 
decomposers of wood (Rayner and Todd 1974). 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 
Heterobasidion hemitephrum (Berk) G.H. Cunn. Is a 
polypore fungus which over the years has been subject to 
several name changes. 
 
Originally described by Berkely in 1855 as Polyporus 
hemitephrus Berk. (Teixeira 1962, Cunningham 1965, 
Ryvarden 1977), Cunningham (1965) notes two later name 
changes with reference to Polyporus hemitephrius Berk., 
1864 and Polyporus hypopolius Kalch. Ex. Cke., 1882.  
Teixeira (1962) described it under the name of Fomes 
hemitephrus (Berk.) Cooke, with a reference date of 1885.  
In 1927 and 1937 it was referred to as Fomes hemitephrus 
Berk. By Cunningham and Birch respectively (Gilmour 1966) 
and in 1948 Cunningham described it and redisposed it 
into the genus Fomiitopsis referring to it as Fomitopsis 
hemitephra (Berk.) G.H. Cunn. (Gilmour 1966).  Cunningham 
(1965) changed its name again, this time placing it in 
the genus Heterobasidion, calling it H. hemitephrum 
(Berkely) comb. nov.  However, Ryvarden (1977) states 
that it does not fit this genus, as Heterobasidion is 
characterised by finely asperulate (rough-walled) spores.  
He agrees with Cunningham’s former transferral to 
Fomitopsis which has perennial fruit bodies producing 
hyaline, ellipsoid and smooth spores.  Dr. P. Buchanan 
(personal communication) also agrees with Ryvarden and 
suggests it is well placed in Fomitopsis.  While 
recognising that the generic placing may not be most 
appropriate, the current name for the fungus is still 
Heterobasidion hemitephrum (Buchanan, personal 
communication) and it will be referred to as such in this 
thesis. 
 
Heterobasidion hemitephrum produces large fruit bodies up 
to 20-30 cm wide and about 10 cm thick (Marks  1982).  
Commonly applanate, pilei may be ungulate or resupinate 
depending on the position of growth on the infected 
substrate (see Plate 1). 
 
The upper surface is broadly zoned by deep furrows which 
represent annual growth rings (Marks  1982).  The colour 
of the pileus surface can range from being dark brown, 
banded black at the front of each growth zone to being 
cream to buff with light green banding.  A vertical cut 
through a fruit body exposes an orange layer immediately 
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below the upper surface of each year’s growth.  However, 
this orange zone may be absent from the context in young 
fruit bodies.  A mature sample, determined by N.E.M. 
Walters, from the North Lune Road in southern Tasmania 
also lacks this orange zone, but this was not found to be 
the case in any specimens collected for this study.  
Pores are usually in definite strata, each defined by a 
differently coloured line, however, in some samples the 
pores appear to be continuous (see Plate 2). 
 
The current distribution of H. hemitephrum is New 
Zealand, Australia and Samoa, and Cunningham (1965) 
recognises it as one of the most common species in New 
Zealand listing a wide range of tree species on which it 
has been recorded.  In this list is Eucalyptus sp. from 
Victoria, however, Marks  (1982) states it has only been 
recorded on Nothofagus cunninghamii and Acacia dealbata, 
being found most often on the former, in wet mountainous 
areas of Victoria.  Also Buchanan (personal 
communication) suggests that several cited Australian 
collections have been misidentified, but he is not sure 
if these include the record of the fungus on Eucalyptus. 
 
H. hemitephrum is a wood decay basidiomycete causing 
white heart rot (Cunningham 1965, Walters 1982).  Fungi 
causing white rot are characterised by enzymes capable of 
degrading both cellulose and lignin and they belong 
mainly to the basidiomycetes (Käärik 1974).  At an 
advanced state of decay the wood characteristically 
appears bleached and has a fibrous or spongy consistency.  
Microscopically, the rot is characterised by progressive 
thinning of the cell walls (Rayner and Todd 1979).  White 
rot is usually regarded as more common in hardwoods than 
softwoods. 
 
In Tasmania, H. hemitephrum appears to only colonise dead 
N. cunninghamii wood, either fallen or standing, 
producing fruit bodies high in what is left of the canopy 
to almost ground level, depending on the state of decay 
(see Plate 3). 
 
No sampling was undertaken on living trees but the fungus 
is capable of infecting dead wood on still living trees.  
A population of fire scared trees at Weldborough in north 
eastern Tasmania has fruit bodies growing from dead wood 
on the trunk.  Closer examination reveals that the 
sapwood killed by the fire and the heartwood are well 
rotted but the mycelium does not appear to have infected 
the surrounding living sapwood. 
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Plate 1.  heterobasidion hemitephrum fruit bodies. 
 
 

 
 
Plate 2.  Polymorphism in fruit bodies of H. hemitephrum, and section 

showing pore strata. 
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Plate 3.  H. hemitephrum fruitbodies growing on a standing, dead 
Nothofagus cunninghamii trunk. 
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POPULATION STUDY OF HETEROBASIDION HEMITEPHRUM 

 
 
Relatively few detailed population studies have been 
undertaken with basidiomycetes.  Because such studies 
show how individuals of populations behave in nature, 
they can only give more meaning to laboratory based 
investigations. 
 
Population studies can provide information about a (wide) 
range of important genetic, evolutionary and ecological 
issues including variation, opportunities for 
recombination, isolating mechanisms, the nature of 
selection pressures and patterns of propagation, 
dispersal and colonization (Rayner and Todd 1982). 
 
This particular study will look at intraspecific 
antagonism, population structure in natural substrates 
and the breeding system of Heterobasidion hemitephrum in 
an attempt to document some aspects of the behaviour of 
this basidiomycete both in nature and in the laboratory. 
 
 
 

CHAPTER 2 
 
 
INTRASPECIFIC ANTAGONISM IN H. HEMITEPHRUM AND POPULATION 

STRUCTURE IN NATURAL SUBSTRATES 
 
 
INTRODUCTION 
There are reports indicating that if isolates of the same 
species of wood-decaying basidiomycetes from different 
origins are paired in culture, antagonistic reactions 
variably described as “barrages”, “aversion phenomena”, 
“interaction zones”, or “lines of demarcation” develop 
along the line of contact between colonies.  Most reports 
describe the formation of clear zones containing 
relatively few hyphae and flanked on either side by a 
dense aerial mycelium; later the zones themselves or the 
adjacent margins if the interacting mycelia may become 
pigmented usually dark brown or black (Rayner and Todd 
1982).   
 
This antagonism is apparently expressed as a post-fusion 
event due to an incompatible reaction between nuclei and 
cytoplasm (Rayner and Todd 1979).  Working with Fomes 
cajanderi Karst., Adams and Roth (1967) showed that the 
development of a pigmented demarcation line was 
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characteristic of dikaryotic pairings and was based on 
genetic differences between isolates. 
 
Antagonistic phenomena occur between monokaryons 
expressing SEXUAL INCOMPATABILITY (see later section on 
Breeding System) as well as between dikaryons indicating 
VEGETATIVE INCOMPAPABILITY.  In the later case the 
interaction is dependent on genetic differences which may 
be unrelated to mating systems.  Thus it seems likely 
that antagonistic phenomena of apparently similar general 
appearance but of different origin may often occur in the 
same species and that both sexual and vegetative 
compatibility mechanisms may be operating (Rayner and 
Todd 1982) at some time in the fungal life-history. 
 
Antagonism between dikaryons of the same species has been 
recorded for many years, although its significance was 
not realised.  Some of the earliest reports include the 
species Fomes pinicola (SW.) Cooke (Schmitz 1925), 
Collybia radicata (Relh.) Berk. (Campbell 1938) and 
Polyporus schweinitzii Fr. (Childs 1937). 
 
In later years intraspecific antagonism was utilised in 
ecological studies. Roth (1952) reported  detecting 
multiple infections of Phellinus pini in Douglas fir 
poles by observing antagonism between isolates collected 
from different points along the bole and Childs (1963) 
used antagonism to determine whether isolates of 
Phellinus weirii (a root pathogen) isolated from 
different trees in a stand of Douglas fir belonged to the 
same or different “clones”. 
 
In many cases antagonism can be weak and difficult to 
detect.  Adams and Roth (1967) ascertained that any 
discolouration of the substrate or mycelium in the zone 
between colonies which contrasts with colour directly 
under the colonies is evidence of incompatibility. 
 
The intensity of the antagonistic reaction is now known 
to correlate with the relatedness of the two cultures 
paired against one another.  Barrett and Uscuplic (1971) 
carried out pairings between dikaryons synthesised from 
monokaryotic cultures and found that the intensity of the 
reaction, assessed by the density and width of the 
interaction zone, increased as the relatedness between 
dikaryons decreased. 
 
Many, if not all, reports concerning intraspecific 
antagonism note that identical dikaryons are able to fuse 
readily, when paired against each other on an agar 
medium, forming a single colony.  This is the case with 
dikaryons synthesised from monokaryons in the laboratory 
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or with duplicate isolates of the same wild sample.  
These reactions are termed COMPATIBLE reactions were as 
antagonistic reactions are termed INCOMPATIBLE reactions. 
 
Although intraspecific antagonism has been recognised for 
many years as a means of detecting differences between 
isolates obtained from the field (e.g. Childs 1937, 
reported antagonism between isolates of Polyporus 
schweinitzuii), its significance as a mechanism operating 
to delimit individuals in nature has not until recently 
been fully appreciated.  Largely on the works of Buller 
(1931) and later Burnett (1976), and knowledge of hyphal 
anastomoses, the concept of a unit mycelium has achieved 
widespread acceptance amongst mycologists (Rayner and 
Todd 1979). 
 
This concept holds that genetically distinct mycelium of 
the same fungus species fuse within a substrate to form a 
mycelium which, although a genetic mosaic, acts 
ecologically and physiologically as a single unit. 
 
Burnett and Partington (1957) note that hyphal fusions 
occur between genetically dissimilar dikaryotic mycelia 
of Pitoporus betulinus and Polystictus versicolor (now 
Coriolus versicolor) in the laboratory.  They also 
suggested simultaneous and synchronized development of 
closely aggregated, genetically differentiated 
sporophores in basidiomycetes was somewhat more likely to 
occur if all the sporophores developed from a 
physiologically unitary mycelium. Without investigation 
the detailed structure of mycelium in the wood, they 
envisaged a “co-operative existence of different genetic 
entities within a species”, thus adding support to 
Buller’s concept of the unit mycelium. 
 
Adams and Roth (1967) and Barrett and Uscuplic (1971) 
have both suggested that antagonism between non-identical 
dikaryons can be used as a tool for the identification of 
individual mycelia in studies of pathology and population 
structure, and in nature this antagonism appears as dark 
zone lines separating the genetically different 
individuals in the decaying wood. 
 
Adams and Roth (1969) were one of the first to realise 
the importance of relating antagonistic behaviour to the 
spatial distribution of isolates in decaying wood.  They 
obtained evidence of the operation and manifestation of 
intraspecific antagonism between dikaryotic isolates of 
Fomes cajenderi in Douglas fir by pairing isolates 
separated by demarcation zones.  They concluded that the 
spatial patterns observed could be due to competition 
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between genetically different dikaryons invading 
simultaneously from an infection court. 
 
Later reports (Rayner1976; Rayner and Todd 1977; Todd and 
Rayner 1978) indicated that adjacent conspecific 
dikaryons of the wood decaying basidiomycetes Coriolus 
versicolor or Stereum hirsutum are also separated 
genetically and physiologically within the natural 
substrate by intraspecific antagonism.  In fact Rayner 
and Todd (1977) present very strong evidence to suggest 
that the interaction zone acts as a barrier to exchange 
of both nuclei and cytoplasm between adjacent 
individuals. 
 
Rayner (1976) showed that wood occupied by the white-rot 
fungi C. versicolor or S. hirsutujm often contained 
individuals of the same species which were separated by 
dark zone lines.  Isolates from different sides of the 
dark zones were antagonistic both on 3% malt agar and on 
incubated wood sections, even though they were similar 
morphologically.  Rayner discover that these dark zones 
represented sites where separate mycelia of the decay 
fungi had failed to merge, producing pseudosclerotial 
tissues instead, leaving a zone of relatively undecayed 
wood, frequently containing a number of characteristic 
dematiaceous hyphomycetes.  The presence of these 
hyphomycetes is probably diagnostic of interaction zone 
lines (Rayner and Todd 1982) and they are not active in 
the decay process (Rayner and Todd 1979). 
 
The presence of dark zone lines does not always signify 
the presence of intraspecific antagonism however.  
Generally there seems to be at least four possible causes 
for zone lines (Rayner and Todd 1979):  (i) interspecific 
antagonism, (ii) intraspecific antagonism, (iii) laying 
down of pseudosclerotial plates by a single colony, i.e. 
single closely interwoven sheets of pigmented mycelium, 
generally in response to environmental stimuli, and (iv) 
as a host reaction to fungal invasion of living tissues 
(Rayner and Todd 1982). 
 
Rayner and Todd (1979) suggest that in nature, antagonism 
is a vegetative mechanism operating to delimit 
individuals within freely interbreeding populations.  
These recent studies throw into question the unit 
mycelium concept and have significant consequences for 
the role of antagonistic phenomena in delimiting 
individuals and hence determining and maintaining natural 
population structure (Rayner and Todd 1979). 
 
Recently many reports have been published concerning this 
behaviour in a wide range of other wood decay 
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basidiomycetes.  Other species reported as forming 
discrete decay columns of genetically and physiologically 
distinct mycelia include; Bjerkandera adusta and Phlegia 
merismoides (Rayner 1976), Piptoporus betulinus (Adams, 
Todd and Rayner 1981), Sterum gausapatum (Boddy and 
Rayner 1982), Stereum rugosum, S. sanguinolentum and S. 
rameale(Rayner and Turton 1982), Phlebia radiata and P. 
rufa (Boddy and Rayner 1983). 
 
On examining cross-sections of dead Nothofagus 
cunninghamii trees infected by Heterobasidion 
hemitephrum, dark zone lines could be clearly seen (see 
Plate 4).  However, for this phenomena to be utilised in 
a population study it firstly had to be established that 
intraspecific antagonism does operate in this species and 
if so is it acting to such a degree that it allows 
different individuals to be readily detected, and do 
these dark zone lines actually represent barriers between 
adjacent dikaryons forming decay columns of this species. 
 
 
 

 
 

Plate 4.  Cross-section of N. cunninghamii trunk infected with H. 
hemitephrum, showing dark zone lines. 

 

Robinson 1986.  Biological Aspects of Heterobasidion hemitephrum.  University of Tasmania. 



 10

 
MATERIALS AND METHODS 
 
(a) Isolation and pairing techniques: 
Isolation of samples from both fruit body tissue and wood 
were all done in a laminar flow cabinet in the following 
manner. 
 
1. Fruit body isolates: 
The surface of the fruit body was sterilized using 
alcohol swab.  The hard “woody” (in most cases) upper 
surface was partially cut through using a sterilised 
knife and then the fruity body torn open to reveal the 
inner context.  Using a sterile scalpel, context material 
was cut from the tissue immediately above this years 
hymenial layer.  This tissue was placed on 3% malt agar 
in 9 cm petri dishes. 
 
2. Wood Isolates: 
Wood samples were simply broken open, being careful not 
to allow any contact resulting in the introduction of 
contaminants to wood in the centre of the sample.  
Sterile tweezers were then used to remove slivers of 
decayed wood tissue, approximately 1.0 X 0.5 cm, which 
were placed in 3% malt agar in 9 cm petri dishes. 
 
Both fruit body and wood isolates were incubated for 7-10 
days in the dark at 25o C, by which time the resulting 
colonies were large enough (1.5-2.0 cm radius in most 
cases) to allow subculturing. 
 
All pairings were done by placing 5 mm2 inocula cut from 
the growing edge of the respective colonies 1.5 cm apart 
on 3% malt agar in 9 cm petri dishes.  Multiple pairings 
were done by placing six inocula, five peripheral and one 
central, on a single plate.  Single pairings were done on 
split plates with duplicate pairings either side of the 
divider.  The plates were incubated in the dark at 25o C 
and scored after 10 days, then every 3-4 days until the 
reaction was established.  This normally took 20-25 days. 
 
(b) Establishing the existence of intraspecific 
antagonism: 
In order to establish whether or not intraspecific 
antagonism occurs in H. hemitephrum seven sites from 
various localities in the western part of Tasmania were 
utilised.  These sites included; the Esperance Valley 
(Adamsons Road, ESP), the Arve Valley (Arve Loop Road, 
AL), the Little Florentine River (LFR), Mount Read 
(Mt.R.), Mount Black (Mt.B.), Lake Fiddler (Lfi), and 
Lake Chisholm (LCh).  See Fig. 1 for these localities. 
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Initially it had to be established whether isolates from 
the wood were compatible with the corresponding fruit 
bodies growing on the trunks of decaying trees. 
 
Fruit bodies with wood attached were collected from three 
separate Nothofagus cunninghamii trees at the Esperance 
Valley site and from four separate trees at the Arve 
Valley site. 
 
All fruit body and wood samples were sampled as above and 
when colonies were large enough fruit body isolates and 
wood isolates were paired as above. 
 
Next it had to be established whether antagonism 
occurred; (a) between isolates from the same tree in a 
population, and (b) between isolates from adjacent trees 
in the same population. 
 
The samples collected from the Esperance Valley and Arve 
Valley were again utilised in this part of the experiment 
as well as four fruit bodies collected from a single tree 
at the Mount Read site. 
 
All isolates (fruit body and wood) from the Esperance 
Valley were paired in all possible combinations. 
 
Fruit body and wood isolates from each tree in the Arve 
Valley were paired in all combinations with other 
isolates from that tree.  Then two fruit body isolates 
from each tree sampled in the Arve Valley were paired in 
all combinations. 
 
The four fruit bodies from Mount Read were subsampled and 
the resulting isolates paired in all combinations. 
 
Finally to test whether antagonism occurs between well 
separated populations, pairings were made between fruit 
body isolates from all seven sample sites.  Two isolates 
from the Esperance Valley, Arve Valley, and Little 
Florentine River sites and one isolate each from Mount 
Read, Mount Black, Lake Fiddler, and Lake Chisholm sites, 
made a total of 10 isolates from seven different 
populations in the western half of Tasmania.  All 
isolation and pairing techniques were done as per 
methods. 
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Figure 1.  Localities of study sites 
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(c). Examination of population structure in natural 
substrates: 
The standing trunk of a large dead N. cunninghamii tree, 
approximately 10 metres tall and 50 cm diameter, well 
decayed by H. hemitephrum producing many fruit bodies 
above 2 metres, was felled at the Little Florentine River 
(LFR. Tree 5). 
 
Before felling the position of each fruit body on the 
trunk was mapped. After the tree had been felled 20 
discs, 10-15 cm thick were cut from the trunk of the tree 
(see Fig.2) and the remaining fruit bodies removed and 
numbered according to their position (recorded) prior to 
felling. 
 
In the laboratory the discs were cleaned and the zone 
lines present on the upper surface of each disc mapped. 
Selected discs were them destructively samples from areas 
representing different sides of decay zones. These clean 
wood samples were used for isolation of mycelium colonies 
inhabiting these points on the discs. 
 
Isolates were obtained from all fruit bodies collected 
from the main trunk and all discs, whether or not the 
discs were subsampled for wood isolates. 
 
For each disc subsampled, isolates were paired in order 
to determine how many individuals or different genotypes 
were present in each disc. 
 
Isolates representing each individual in each disc were 
then paired in the same manner, enabling the total number 
of individuals present in the sampled discs to be 
determined. 
 
Each fruit body isolate was also paired in order to 
determine how many individuals were represented by fruit 
body production. 
 
Finally, isolates representing each compatible fruit body 
group were paired with isolates representing each 
individual present in the discs. This enabled the total 
number of fruit bodies present throughout the tree to be 
determined and the number of fruit bodies produced by 
each individual (or decay column) to be assessed. 
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Figure 2.  Reconstruction of tree 5, Little Florentine River 
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Transferring this information to the disc maps enable a 
three dimensional picture, showing genetic and spatial-
interrelations of the mycelium population infecting this 
particular tree, to be built up.  
 
 
RESULTS 
(a) Intraspecific antagonism in Heterobasidium 
hemitephrum: 
All dikaryotic isolates obtained from both fruit body 
tissue and wood bear clamp connections. The degree of 
clamping is very variable from isolate to isolate and 
fluorescence microscopy (see Chapter 3) reveals two 
nuclei per cell. 
 
In culture the colonies are always white. Thick woolly 
growth usually forms a tough mycelial mat, however this 
mat did not form in isolates kept in the cold room at 
2°C. Often a brown stain forms under the colony when 
growing on agar, sometimes an orange-brown pigment is 
exuded in droplets which stains the surface of the 
mycelium. 
 
The results of pairing dikaryotic isolates obtained from 
the field (Tables 1-8) shows that intraspecific 
antagonism does occur in H. hemitephrum at all levels of 
population organization. That is, between isolates from 
the same tree, adjacent trees and trees from different 
populations. 
 
This is further supported by the fact that a dark zone 
line was present in the wood behind fruit body samples 2 
and 3 from tree 2 on the Arve Loop Road in the Arve 
Valley (i.e. ALT2F2 and ALT2F3 on Table 3). These fruit 
bodies were 4-5 cm apart when growing on the tree. 
Isolates from the corresponding fruit body context and 
wood freely merged but antagonism resulted when the two 
fruit body isolates were paired and also when the wood 
isolates from each side of the dark zone were paired. 
 
During the course of this experiment, a wide range of 
reaction types was observed. As mentioned earlier, the 
intensity of reaction has been shown to be dependent on 
the relatedness of the two isolates being paired. This 
may account for the range of reactions encountered. 
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Table 1.  Reaction between dikaryotic isolates from ESPERANCE 
 

 WT1 FT1 WT2 FT2 WT3.1 FT3.1 WT3.2 FT3.2

WT1 C C I I I I I I 

FT1 C C I I I I I I 

WT2   C C I I I I 

FT2   C C I I I* I 

WT3.1     C C I I 

FT3.1     C C I I* 

WT3.2       C C 

FT3.       C C 
 

W = wood isolate, F = fruit body isolate, Ta.b = Tree number (a) and 
isolate number (b), C = compatible reaction, I = incompatible 

reaction, * = initial antagonism very weak, strengthening with time. 
 
 

Table 2.  Reaction between dikaryotic isolates from ARVE LOOP Tree1. 
 

 W1 F1 W2 F2 W3 F3 W4 F4

W1 C C       

F1 C C  C  C  I 

W2   C C     

F2  C C C  C  I 

W3     C C  I 

F3       C C 

W4         

F4 I  I  I  C C 
 
 

Table 3.  Reaction between dikaryotic isolates from ARVE LOOP Tree 2. 
 

 W1 F1 W2 F2 W3 F3 W4 F4

W1 C C       

F1 C C  I  I  I 

W2   C C     

F2  I C C  I  I 

W3     C C   

F3  I I  C C  I 

W4       C C 

F4 I  I  I  C C 
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Table 4.  Reaction between dikaryotic isolates from ARVE LOOP Tree 3. 

 

 W1 F1 W2 F2 W3 F3 W4 F4

W1 C C       

F1 C C  I  I  I 

W2   C C     

F2  I C C  I  I 

W3     C C   

F3  I I  C C  I*

W4       C C 

F4 I  I  I*  C C 
 
 
 

Table 5.  Reaction between 
dikaryotic isolates from ARVE 

LOOP Tree 4. 
 

 W1 F1 W2 F2

W1 C C   

F1 C C  C 

W2   C C 

F2  C C C 
 
 

Table 6.  Reaction between 
dikaryotic isolates from Mt 

READ Tree 1. 
 

 F1 F2 F3 F4

F1 C I I I 

F2 I C I I 

F3 I I C I 

F4 I I I C 
 

 
Table 7.  Intraspecific antagonism, Arve Loop. 

 

 T1F1 T1F2 T2F1 T2F2 T3F1 T3F2 T4F1 T4F2

T1F1 C C I I I I I I 

T1F2  C I I I I I I 

T2F1   C I I I I I 

T2F2    C I I I I 

T3F1     C I I I 

T3F2      C I I 

T4F1       C C 

T4F2        C 
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Table 8.  Inter-population antagonism, all sites. 
 

 
ESP 
T1.1

ESP 
T3.1

AL 
T1.4

AL 
T4.2

LFR 
T5.53

LFR 
T5.55

MtR 
T1.1

MtB 
T2.1

LCh 
T1.1

LFI 
T1.1

ESP T1.1 C I I I I I I I I I 

ESP T3.1  C I I I I I I I I 

AL T1.4   C I I I I I I I 

AL T4.2    C I I I I I I 

LFR T5.53     C I I I I I 

LFR T5.55      C I I I I 

MtR T1.1       C I I I 

MtB T2.1        C I I 

LCh T1.1         C I 

LFI T1.1          C 
 
 
 
Generally the antagonistic reactions were of four types, 
which showed some variation within themselves. These 
reaction types (see Plate 5) can be described as follows: 
 
1. A wide line of antagonism with associated brown 
staining of the agar in the zone, sometimes some orange-
brown pigmentation of the hyphae on one or both sides of 
the reaction. Underneath there is sometimes a yellow-
green pigment associated with the zone. The zone is 
always present when viewed from underneath. 
 
2. A narrow sharp zone of antagonism, usually with 
no brown staining or pigmentation of the aerial hyphae. 
Underneath there is sometimes a yellow-green pigment 
associated with the reaction zone, but the zone is always 
present when viewed from underneath. 
 
3. Hyphal buildup along and over the reaction 
zone. This reaction type can occur with or without a 
yellow-green pigment s associated with the zone 
underneath. When no pigment is present the two colonies 
appear to freely merge under the hyphal buildup, when 
viewed from underneath. 
 
4. Thin mycelia growth at the reaction interface, 
with of without an associated yellow-green pigment along 
the zone when viewed from underneath. Sometimes this 
reaction, especially when no pigment is present, can look 
compatible. But as the colonies age and get thicker the 
hyphae at the interaction zone remains much thinner. 
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Reaction types 3 and 4 may be expressions of relatively 
close relatedness of the two individuals as it was only 
observed between some isolates from the same tree(s). 
 

 

Plate 5.  Antagonistic reactions between dikaryotic cultures of H. 
hemitephrum, on malt agar.  (A) reaction types 1 and 2; (B) reaction 
types 1 and 3; (C) reaction types 3 and 4 compatible reaction, top 

left); (D) reaction zone and pigmentation, viewed from below. 
 
 
 
(b) Population structure in natural substrates: 
As a result of pairing all fruit body and wood isolates 
obtained from the tree felled at Little Florentine River, 
three separate decay columns were found to be present, 
delineated by dark zones in the wood (see Fig. 3 and 
Tables 9, 10, and 11). 
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Figure 3.  Population structure and spatial inter-relations between 
individual decay columns of H. hemitephrum and other fungi isolated 
from sample discs, forming a community in Tree 5 from Little 
Florentine River. 
 
 
 
  Pink: H. hemitephrum individual 1 
  Green: H. hemitephrum individual 2 
  Blue: H. hemitephrum individual 3 
  Brown: Early sapwood colonizer 
  Yellow: Early heartwood colonizer 
  Red:  Canker infection 
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Figure 3. 
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Figure 3...cont. 
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Figure 3...cont. 
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Figure 3...cont. 
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Table 9.  Dimensions of discs cut from Tree 5, LFR. 
 

Fruit body Disc 
No. 

Diam. 
(cm) 

Thickness 
(cm) Width 

(cm) 
Radius 
(cm) 

1 43.5 13   
2 45 12   
3 46 17.5 24 12 
4 47.5 9   
5 47.5 13 24 13 
6 47.5 16 18.5 13 
7 47.5 15 27.5 15 
8 47.5 15 13.5 10.5 
9 46 19 9.5 4 
10 47 11.5   
11 47.5 22 20 9 
12 50 14.5 10 5.5 
   13.5 8 
13 49.5 17 14.5 5.5 
   16 7 
14 48.5 14   
15 45.5 8   
16 50 6   
17 51 10   
18 51 10   
19 58 10   
20 53 10   

 
 

Table 10.  Isolates obtained from from Tree 5, LFR. 
 

Disc 
No. 

Isolate 
number 

Unsuccessful 
isolations 

Isolations of 
different 
species 

1 1-6 3,6  
3 7-12 10  
5 13,77   
6 78   
7 14-22 19  
8 79   
9 23-30   
11 80   
12 31-42 37-38  
13 43-51 48  
16 52-56   
17 57-64 62 631, 641

19 65-76 69,70,71 652, 662, 672, 
682, 723

Trunk 81-97   

 
1. Early sapwood coloniser (brown) 
2. Canker infection (red) 
3. Early heartwood coloniser (yellow) 
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Table 11.  H. hemitephrum isolates belonging to individual decay 

columns in Tree 5, LFR. 
 

Individual Isolate numbers 

1 (pink) 1,2,7,8,14,15,16,18,22,23,24,25,31,32,33,35,39,40,
43,44,51,55,56,77,78,79,91,92,96,97 

2 (green) 4,5,9,9(b),11,12,13,17,20,21,26,27,28,29,30,34,36,
41,42,80 

3 (blue) 45,46,47,49,50,52,53,54(a),54(b),57,58,59,60,61, 
73,74,75,76,81,82,83,84,85,86,87,88,89,90,93,94,95

 
Bold numbers represent fruit body isolates 

 
 
 
Three basic reaction types were observed in the course of 
the experiment. 
 
The reaction between columns 1 and 2 varied slightly but 
was usually of the type 3 or 4 listed earlier. On the 
other hand, column 3 displayed very strong antagonistic 
behaviour towards both columns 1 and 2. This reaction 
type was usually type 1. This difference in reaction 
types suggest the mycelia belonging to columns 1 and 2 
may be more closely related than the mycelium of column 3 
(see Plate 6). 
 
Of the 29 fruit bodies sampled from the tree, it was 
found that 11 were produced by column 1, three by column 
two and 15 by column 3. the reaction types occurring 
between these isolates was the same as those observed 
between the wood isolates. 
 
On virtually every disc, dark zone lines were seen to 
dissect individuals belonging to the same decay column.  
That is, isolates from either side of a zone line often 
merged freely, indicating they belonged to the same decay 
column. 
 
This separation commonly took place around the point 
where heartwood and sapwood meet. Sometimes small 
“pockets” of the same individual are isolated from the 
rest of the decay column by a dark zone (see discs 7, 8, 
and 9 in Fig. 3). 
 
Four other species of fungus were also isolated from this 
tree. Small pockets of decay belonging to a second fungus 
appeared in the sapwood of disc 17. This fungus matched a 
species isolated from trees on the Arve Loop Road in the 
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Arve Valley, known to be an early colonizer. It will be 
referred to as an “early sapwood colonizer”. The third 
fungus was isolated from the sapwood and parts of the 
heartwood on disc 19. This fungus matched an isolate 
obtained from the large canker on the side of the disc 
and will be referred to as a “canker infection”. The 
fourth fungus was isolated from the heartwood of disc 19. 
This species was also a basidiomycete as it was found to 
possess clam connections. It will be referred to as an 
“early heartwood colonizer”. 
 
 
 

 
 

Plate 6.  Reactions between individuals of H. hemitephrum isolated 
from Tree 5, LFR.  Left, hyphal buildup between individuals 1 and 2; 

Right, strong antagonism between individuals 1 and 3. 
 
 
 
A third basidiomycete was found to be co-existing with H. 
hemitephrum in the sapwood of disc 17. When subculturing 
this isolate (No. 59) of H. hemitephrum for a pairing 
experiment it appeared to change its mycelial morphology. 
The growth rate increases, the aerial mycelium became 
thin and sparse and “cords” of convoluted mycelium formed 
on the surface of the agar. Examination using phase 
contract microscopy revealed clamp connections on the 
hyphae as well as yeast-like cells and bean shaped 
conidiospore-like cells on the surface of the agar in 
areas corresponding to the convoluted mycelium. Close 
examination of the hyphae using Scanning Electron 
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Microscopy (SEM) revealed naked basidia, with 5-7 
sterigmata, formed on some hyphal tips of this 
basidiomycete (see Plate 7). No further study was 
undertaken on this fungus but it is assumed it may have 
been co-existing with H. hemitephrum. 
 
 
 

 

Plate 7.  SEM of basidiomycete co-existing with H. hemitephrum in the 
sapwood of disc 17, LFR T5.  Preparation of hyphae was according to 

Quattlebaum and Carner (1980) with slight modification.  This 
involved 24-48 hrs vapour fixation with 4% osmium tetroxide (OsO4) 
and 3-4 days air drying in a desiccator prior to gold plating. 

 
 
 
DISCUSSION 
Adams and Roth (1967, 1969) and Barrett and Uscuplic 
(1971) both concluded that antagonism from paired 
colonies collected from the field is evidence of genetic 
differences. Assuming this is the case in H. hemitephrum 
(as it is with all other Aphyllophoralean fungi so far 
studied) then the results of paired isolated from the 
same tree and from discs cut from tree 5 at the Little 
Florentine River site, show that population structure and 
interactional behaviour of isolates of H. hemitephrum are 
very similar to other wood decaying basidiomycetes and 
the presence of dark zone lines in the infected wood can 
be a clear indicator of intraspecific antagonism 
delimiting several individuals forming discrete decay 
columns in a common substrate. 
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However, not all basidiomycete fungi form populations 
containing a number of individuals in a common substrate. 
Many fungi appear to infect standing trees as extensive 
individuals, e.g. Polyporus schweinitzii FR. On spruce 
(Barrett and Uscuplic, 1971), Piptoporus betulinus (Bull. 
Ex Fr.) Karst, on birch (Adams et al, 1981) and Poria 
weirii Murr. On Douglas-fir (Childs 1963), Polyporus 
schweinitzii and Poria weirii are both root pathogens and 
single infections are most likely due to vegetative 
spread, especially so in Poria weirii where Childs found 
the same “clone” infecting several neighbouring trees. 
However, Adams et al (1981) attributed single infections 
of Polyporous betulinus to low levels of infection or the 
intraspecific competition between many dikaryons growing 
down from branches which are subsequently broken off. 
Rayner et al (1984) conclude that “colonization of the 
(tree) base by mycelial-cord forming decay fungi, such as 
Tricholompsis platypylla, results in the occupation of a 
considerable volume by a single individual. By contrast, 
airborne colonization by decay fungi such as Coriolus 
versicolor or Stereum hirsutum typically results in the 
establishment of numerous individuals.” Barrett and 
Uscuplic (1971) suggest basidiospores could be involved 
in the infection process if different “strains” are 
isolated even from adjacent trees. The multiple 
infections of H. hemitephrum are most likely the result 
of basidiospore infection. 
 
Because compatible reactions occur between isolates from 
the fruit body context and their corresponding wood 
samples and between fruit bodies from the same tree 
(Tables 1-5), it can be seen that single decay columns 
are capable of producing a number of fruit bodies. In 
fact, individual 3 in Tree 5 from the Little Florentine 
River has produced 15 fruit bodies. 
 
With pairing isolates on malt agar, much variation was 
observed within the incompatible reactions. The results 
show that these reactions ranged from very strongly 
antagonistic to being so weak that some paired isolates 
appeared compatible. This variation occurs in all studies 
of this kind. Barrett and Uscuplic (1971) commented on 
the variation in density and width of zones in pairings 
between isolates of Polyporus schweinitzii. They 
suggested that the “relatively consistent variation in 
density of interactions might reflect differences in the 
degree of compatibility between strains”. As mentioned 
previously, it is known that the intensity of reaction 
increases as relatedness of the opposing dikaryons 
decreases. This may account for the fact that reaction 
types 3 and 4 were commonly encountered between isolates 
from the same tree. The apparent similarity in this case 
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may be due to a factor such as a dikaryon dikaryotizing a 
monokaryotic mycelium or sib-composed dikaryons being 
present in the same tree (see Chapter 3). 
 
In some cases antagonism was weak to begin with, but 
strengthened after a further two weeks (see tables 1 and 
4). In other cases the reverse occurred, often leaving a 
yellow-green pigmented zone in the agar below what 
appeared to be a compatible aerial mycelium. 
 
As a result of incompatibility, lysis was observed in the 
reaction zone between paired isolates. This effect was 
more pronounced in strong reactions such as types 1 and 
2. In the zone hyphae were characterized by thick cell 
walls, bulbous pseudoclamps and irregular septation, 
clamping and branching. Lysis was typified by swollen and 
burst hyphal tips. The hyphae swelling to 5-6 times 
normal size (25-30µ) before bursting (see Fig. 4). 
 
 
 

 
 
Figure 4.  Lysis observed between antagonistic monokaryons.  Nornal 
monakaryotic hyphae (a) and monokaryotic hyphae which has undergone 

lysis (b). 
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Not only is population structure and community 
composition revealed by a three dimensional picture of 
wood decay, but population dynamics can also be detected. 
Information concerning infection source, infection sites, 
directional spread of growth and competitive abilities of 
individuals within the population can be determined. 
As mentioned previously, on almost every disc, a dark 
zone line separates the same decay column longitudinally 
at the junction between sapwood and heartwood. On some 
discs (e.g. 7, 8 and 9 in Fig. 3) thin zone lines also 
cut off small pockets of the same individual from the 
rest of the decay column. For C. versicolor, Boddy and 
Rayner (1981) suggest this may be due to secondary 
invasion by the fungus into wood previously occupied by 
another fungus. This is most likely the cause of these 
zone lines, making them INTERSPECIFIC in origin rather 
than INTRASPECIFIC. 
 
When different fungal mycelia come into contact with one 
another as they grow through wood, Rayner and Todd (1979) 
suggest three possibilities can result: (i) they may 
intermingle freely, (ii) one may dominate and grow 
through wood occupied by another (replacement), or (iii) 
neither may be able to grow into wood occupied by the 
other (mutual antagonism). 
 
Mutual antagonism and replacement can be visualised in 
the fungal community infecting tree 5 from the Little 
Florentine river by referring to discs 16, 17 and 19 
(Fig, 3). In disc 16 individual 3 has ramified through 
the entire disc and both the sapwood and heartwood are in 
advanced state of decay, but a dark zone line persists 
around the point of junction between sapwood and 
heartwood. In disc 17 the decayed sapwood is infected by 
individual 3, the dark zone line persists between sapwood 
and heartwood and individual 3 has infected the still 
solid heartwood (see Plate 8), suggesting the spread from 
sapwood to heartwood is very recent. Small pockets of the 
early sapwood colonizer are also isolated by thin zone 
lines in disc 17.Now referring to disc 19, individual 3 
has only occupied half the area of the sapwood, which is 
still solid, again indicating recent infection. The 
remainder of the sapwood is occupied by the canker 
infection which has also spread into parts of the 
heartwood. A thin zone line is present encircling the 
solid heartwood which is occupied by the early heartwood 
colonizer. 
 
Thus one can visualise, that in a later stage of 
succession, H. hemitephrum will invade the heartwood 
replacing the early heartwood colonizer and situations 
similar to those on disc 17 and then disc 16 will occur. 
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Plate 8.  Cross-section, near base, of LFR Tree 5.  Shows sapwood in 
advanced state of decay and solid heartwood. 

 
 
 
Intermingling is commonly found in the early stages of 
colonization before decay becomes established (Rayner and 
Todd, 1979). This can result in a mixed crop of mycelium 
with no obvious separation into zones. This is assumed to 
be the situation on disc 17 where H. hemitephrum was 
found to be co-existing with another basidiomycete fungus 
which was producing naked basidia in culture. 
 
Infection source has already been discussed on the basis 
of multiple infections high in the tree. The advanced 
state of decay in the upper regions occupied by 
individuals 1 and 2 also suggests initial colonization 
took place high in the tree. The initial site of 
infection was most likely in the tree canopy with the 
introduction of individual 3 approximately half way along 
the trunk occurring at a secondary infection site, 
possibly resulting from the gradual breakdown of the tree 
structure. 
 
This is not surprising as crown damage will usually 
provide the first available sites for basidiospore 
infection and consequent infection sites will result as 
damage occurs to limbs lower down the trunk. However, a 
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break occurring in the standing trunk between discs 12 
and 13 (see Fig. 3), which is possible in this advanced 
state of decay, would result in similar situation to that 
encountered by Adams et al (1981) for Piptoporus 
betulinus in birch trunks, leaving a single infection of 
H. hemitephrum in the remaining 5 metres if the still 
standing trunk. 
 
The direction of growth has also been discussed in 
relation to individual 3 in the lower portions of the 
trunk. The advanced state of decay caused by individual 3 
in discs 13, to 16 as opposed to the solid wood in discs 
19 and 19 also suggest that directional spread of growth 
is downwards. 
 
Because the upper surface of the fruit bodies are zoned 
with annual growth rings (Marks et al, 1982) fruit body 
size may also be used as an indicator of growth direction 
and to estimate relative time periods of infection. 
Although no measurements were taken of fruit bodies from 
the lower regions of the trunk, it was noticeable that 
those fruit bodies growing high in the tree were 
obviously larger than those being produced further down 
the trunk by individual 3. The advanced state of decay 
and larger fruit bodies produced by individuals 1 and 2 
clearly suggests a longer period of establishment than is 
the case for individual 3 which is found in the more 
solid wood of the decaying trunk.   
 
Referring to discs 1 to 12. Initially individuals 1 and 2 
occupied approximately half the cross sectional arch 
each. However, as decay advances down the tree, 
individual 1 gradually surrounds individual 2, possibly 
due to a faster growth rate allowing it to infect the 
sapwood in front of the advancing decay columns first. 
Referring to disc 13. Individual 3 has been introduced to 
the trunk somewhere along the length between disc 12 and 
disc 13, possibly via the large scar which can be seen on 
the right hand side of disc 13. Already by this stage the 
advancement of individual 2 has ceased, possibly due to 
the initial spread of individual 3 in front of the 
advanced decay columns of individuals 1 and 2 or possibly 
individual 3 has outcompeted individual 2 as it appears 
to be doing to individual 1 in discs 13-16. On agar, the 
reactions between 1 and 3, and 2 and 3 were very strongly 
antagonistic. On the other hand the reaction between 
individuals 1 and 2 were very weakly antagonistic (see 
results). Thus the replacement of individuals 1 and 2 by 
individual 3 could possibly be due to the ability of 
individual 3 to outcompete 1 and 2 for the resources. The 
vigour of individual 3 can also be (is) demonstrated by 
it producing 15 fruit bodies in a relatively shorter time 
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period compared to the establishment time of both 
individuals 1 and 2. 
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CHAPTER 3 
 
 

BREEDING SYSTEM OF Heterobasidium hemitephrum 
 
 

INTRODUCTION 
In the basidiomycetes incompatibility between dikaryons 
is a vegetative phenomenon which delimits individuals in 
the natural substrate (refer Chapter 2), however, 
antagonism also exists between monokaryotic mycelia and 
is regarded as sexual incompatibility, thus it is a 
component of the mating system. Mating systems regulate 
the amount of genetic variation of heterogeneity that 
will be present in the next generation. In fungi the 
heterogeneity is controlled by “incompatibility genes”, 
however, 10% of basidiomycetes are homothallic and there 
is no regulation of mating at all (Stamberg and Koltin, 
1981; Fincham et al, 1979) and inbreeding is strongly 
favoured over outbreeding. 
 
More the 30% of the higher basidiomycete fungi ha a 
“unifactorial” or “bipolar”, one gene incompatibility 
system (Stamberg and Koltin, 1981). However, there are 
numerous naturally occurring incompatibility alleles for 
the one gene, and any two individuals are compatible so 
long as they have different alleles. Thus the greater 
number of alleles in nature the greater the outbreeding 
potential. 
 
Since only two alleles are involved in any mating the 
meiotic products will always include 50% of each type and 
the inbreeding therefore remains fixed at 50% regardless 
of how many alternate alleles are present in the 
population. 
 
In the bipolar species so far analysed the number of 
alleles is always at least 20 (Stamberg and Koltin, 
1981). Thus the outbreeding potential1 is at least 95% 
while the inbreeding stays at 50%. 
 
Almost 60% of the higher basidiomycetes are characterised 
by a more complex “bifactorial” or “tetrapolar” 
incompatibility system, involving two genes with many 
alleles (Stamberg and Koltin, 1981). In this system two 
factors, A and B, together determine mating competence 
and two individuals will only be compatible is they have 
different specifications for each factor. 

                                                 
1 Calculated from the formula (nA -1)/nA where nA + number of alleles (Stamberg and Koltin). 
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These factors, in all species studied so far, are on 
separate linkage groups (Stamberg and Koltin, 1981) and 
their independent segregation at meiosis leads to the 
production of four main types of progeny. The inbreeding 
potential is drastically reduced since any one progeny 
will be compatible with only 25% of its siblings. 
 
In the tetrapolar fungi it has been shown to be 
characteristic for the A and B factors each to consist of 
two loci, designated Aα, Aβ, Bα and Bβ. The evolution of 
a two-locus structure for these incompatibility factors 
has greatly increases the outbreeding potential in the 
tetrapolar basidiomycetes. Twenty alleles, five at each 
locus, provide an outbreeding potential2 of 95% (Stamberg 
and Koltin, 1981) which is attained by twenty alleles at 
a single locus in the bipolar species. 
 
However, a two-locus structure makes possible a rise in 
inbreeding potential due to recombination between the 
loci of a factor. In all species studies so far this 
problem is overcome by having the component loci for each 
factor closely linked (Stamberg & Koltin, 1981). This 
reduces the inbreeding potential3 from 56%, for unlinked 
factors, to 25% (Stamberg & Koltin, 1981). 
 
In the higher basidiomycete fungi, hyphal fusions can 
occur between dikaryotic and monokaryotic mycelia 
resulting in nuclear exchange and dikarytization of the 
monokaryon. Following fusion subsequent development is 
determined by the interplay of incompatibility factors 
(Stevens, 1981) of the two mycelia. There are three 
possible interrelations that may be classified as 
follows: 
 
(i) COMPATIBLE: both components of the dikaryon are 
compatible with the monokaryon, e.g. (A1B1 + A2B2) x A3B3. 
 
(ii) HEMICOMPATIBLE: only one dikaryotic component is 
compatible with the monokaryon, e.g. (A1B1 + A2B2) x A1B1.
(iii) NONCOMPATIBLE: neither dikaryotic component is 
compatible with the monokaryon, e.g. (A1B1 + A2B2) x A1B2. 
 
In compatible and hemi-compatible combinations dikaryosis 
of the monokaryon occurs readily and regularly. However, 
inlike incompatible monokaryotic combinations, dikaryosis 

                                                 
2 Calculated from the formula: 
(nAα nABβ, nBα nBβ – nAα nAβ - nBα nBβ +1) / nAα nAβ nBα nBβ where nAα, 
nAβ, nBα, nBβ are the number of alleles at the four loci (Stamberg and Koltin, 1981).. 
3 Calculated from the formula: 
¼(1+2PA-2PA

2) (1+2PB-2PB
2) where PA and PB are the recombinant frequencies for the A and B factors 

(Stamberg and Koltin, 1981). 
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is able to occur in non-compatible dikaryotic-
monokaryotic combinations (Stevens, 1981), but only in 
isolated portions of the monokaryotic mycelium and 
usually after some delay. This is made possible as a 
result of somatic recombination (Stevens, 1981) yielding 
new nuclei of compatible mating type. Thus for example: 
 

(A1B1 + A2B2) x A1B2 
 
 
 

                   A1B2 + A2B1      A2B1 + A1B2 
 
Which means that all dikaryotic-monokaryon combinations 
have the potential to be sexually fertile. 
 
Typically, in the basidiomycetes, mating and subsequent 
nuclear transfer results in the formation of clamp 
connections as nuclear migration takes place through the 
hyphae during the transition from a monokaryon to a 
dikaryon. 
 
In order to assess the breeding system of H. hemitephrum, 
an analysis of the pairing behaviour between sibling 
monokaryons was undertaken. 
 
 
MATERIAL AND METHODS 
Fresh fruit bodies were collected from Mount Read (T1.1 
and T1.3), Little Florentine River (T2.5) and Arve Loop 
(T7.3) sties. Spores obtained from these fruit bodies 
were germinated and the resulting monokaryotic cultures 
were used in pairing experiments. 
 
(a) Isolating monospore cultures: 
Suitable fruit bodies were suspended over glass slides, 
covered and left overnight in a humid atmosphere. Spores 
were then scraped from the slides and suspended in a 
0.25% agar solution which was then spread evenly over the 
surface of 3% malt agar in 9 cm petri dishes. 
 
These plates were then placed in the dark at 25° C where 
germination took place after 5-6 days. 
 
Suitably spaced, single germinated spores were removed by 
taking 1 mm plugs from the agar medium. These plugs, 
containing the single germinated spore, were then placed 
four to a plate on 3% malt agar and again incubated in 
the dark at 25° C. After 6-7 days the monospore cultures 
reached a size of approximately1.5 – 2.0 cm in diameter, 
they were checked for clamps and those with no clamps 
were subcultured separately onto 9 mm petri dishes. They 
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were again placed in the dark at 25° C and allowed to 
grow to a size of approximately 5 cm diameter. After 
being re-checked for clamps they were used in pairing 
experiments, then stored in a cold room at 2° C. 
 
(b) Pairing technique and scoring: 
All pairings were done by placing 5 mm2 inocula cut from 
the growing edge of each respective colony 1.0 – 1.5 cm 
apart on 3% malt agar in split 9 cm petri dishes. 
Duplicate pairings were done either side of the divider. 
 
The plates were then incubated in the dark at 25° C and 
scored visually after 10 days, then every 7 days. The 
final scoring was done four weeks after inoculation when 
they were visually scored and then checked under a phase 
contrast microscope for clamps. 
 
(c) Pairings: 
(i) Monospore pairings: 
12 x 12 grids were set up for monospore cultures from the 
same fruit body, i.e. sib-related monokaryons (Mt Read 
T1.3), and for monospore cultures produced by fruit 
bodies from different populations, i.e. non sib-related 
monokaryons (Mt Read T1.3, Ave Loop T7.3 and Little 
Florentine River T2.5). 
 
An 8 x 8 grid was set up between monospore cultures 
produced by fruit bodies from adjacent decay columns (Mt 
read T1.1 and T1.3) 
 
(ii) Dikaryotic-monokaryotic (Di-mon) pairings:  
Di-mon pairings were done between fruit body isolates and 
monokaryons derived from that fruit body, i.e. dikaryons 
and sib-related monokaryons. These pairings were done for 
Mt Read T1.1 and T1.3 
 
(iii) Sib-related systhesized dikaryons:  
Synthesized dikaryons, from successful matings of 
monocaryon pairing, were paired six to a plate and any 
antagonistic reactions noted. 
 
Although the development of clamp connections on the 
mycelium resulting from pairings was used as the main 
criteria for sexual compatibility, fluorescence 
microscopy was also used as a check, in many cases, to 
confirm that dikaryonization had taken place. 
 
Fungal nuclei were stained using a method perfected by 
Kangatharlingham and Ferguson (1984), in which 
fluorescent stain Hoechst Dye 33342 is dissolved in 
McIlvaine standard buffer (Hodgeman and Holmes, 1943) of 
pH 7.2. 
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RESULTS 
In Heterobasidion hemitephrum monokaryotic cultures are 
morphologically similar to dikaryotic cultures. However, 
they do not bear clamp connections. When hyphae are 
viewed using fluorescence microscopy, one nucleus per 
cell can be seen. Dikaryotization results in the 
formation of clamp connection and two nuclei per cell. 
Dikaryotic isolates obtained from both wood and fruit 
body tissue bear clamp connections (refer Chapter 2) and 
possess two nuclei per cell. 
 
(i) Monospore pairings; sib-related: 
(a) Antagonistic reactions: 
As a result of pairing monospore cultures derived from 
the same fruit body, four basic antagonistic reactions 
were observed: 
 
1. A pigmented zone of antagonism varying in width from 

approximately 2 mm wide to a very narrow zone which 
permitted the opposing colonies to almost be in 
contrast (see Plate 9). Normally when this reaction 
was viewed from underneath parallel lines of dark 
brown stain corresponding to each colony front could 
be seen. This stain usually masked the presence of a 
yellow-green pigment in the agar between the two 
colonies. When the stain was absent this yellow-
green pigment was clearly visible in the position 
corresponding to that usually occupied by the stain. 
 

2. A double line of antagonism referred to as a “train 
track” reaction (see Plate 10). This reaction 
consisted of two thin parallel lines of antagonism 
separated by a hyphal colony growing between them. 
The colony between the two lines ranged from being 
flat and approximately 2 mm wide to a hyphal build 
up of aerial mycelium sometimes 5 mm wide at the 
initial point of contact tapering to approximately 2 
mm wide at the periphery of the plate. This reaction 
type always had dark brown parallel staining 
associated with the zone when viewed from 
underneath. 
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Plate 9.  Antagonistic reactions between sib-related monocaryons of 
H. hemitephrum.  Reaction type 1.  (A) wide reaction; (B) 

narrow reaction; left, view from above; right, view from below 
 

Robinson 1986.  Biological Aspects of Heterobasidion hemitephrum.  University of Tasmania. 



 25

 
 
 

Plate 10.  Antagonistic “train-track” reaction (type 2) between sib-
related monocaryons of H. hemitephrum.  (C) narrow train-track; 

(D) wide train-track with hyphal buildup; left, view from 
above; right, view from below 

 
 
 
3. A hyphal build up along the interaction zone between 

the paired colonies (see Plate 11). When viewed from 
underneath this reaction ranged in appearance from 
having a brown stain present masking the presence of 
a yellow-green pigment; having only a yellow-green 
pigment present; or having no zone present at all, 
giving the impression that the two colonies has 
intermingled freely below the build up of aerial 
hyphae. 

 
4 A very week antagonistic reaction with a narrow zone 

of suppressed hyphal growth (see Plate 11). Usually 
no brown stain or yellow-green pigment was present 
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underneath. Sometimes no clear zone could be seen 
underneath and the colonies appeared to freely merge 
and appear compatible. 

 
 
 

 
 

Plate 11.  Antagonistic reaction between sib-related monocaryons of 
H. hemitephrum.  (E) hyphal buildup (type 3); (F) weak reaction 

(type 4); left, view from above; right, view from below 
 
 
 
(b) Monospore grid – Mount Read T1.1: 
After 30 days the reactions between the paired colonies 
were established and each plate was scored according to 
its reaction type (see Table 12). Table 12(b) shows the 
results of clamp formation and Table 12(c) shows the 
nuclear status of the colonies either side of the 
reaction zone. 
In all cases the duplicate reaction was of the same type. 
All reactions which resulted in the formation of clamp 
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connections produced a single colony of hyphae possessing 
two nuclei per cell. However, occasionally a colony 
consisted of hyphae possessing a mixture of single and 
double nuclei per cell (see table 12(c), colony 12 + 19). 
 
 
 
Table 12(a).  Pairings between sib-related monospores; Mt Read T1.1, 

reaction types (c = compatible, I = incompatible). 
 

 1 2 4 7 8 12 13 15 16 17 18 19 

1 C I I I I C C I I C C C 
2  C C/I C/I I I I C/I I I I C/I 
4   C C I I I C I I C/I I 
7    C I I I C/I I I I C 
8     C C/I I I I C I I 
12      C C I C C I C 
13       C I I C C I 
15        C I I I C 
16         C C I I 
17          C I C 
18           C I 
19            C 

 
 
 
 
Table 12(b).  Pairings between sib-related monospores; Mt Read T1.1, 

clamp formation (+ clamps formed, - no clamp formation). 
 

 1 2 4 7 8 12 13 15 16 17 18 19 

1 - - - - - + - - - + - - 
2  - + - - - - - - - - + 
4   - + - - - + - - + - 
7    - - - - - - - - + 
8     - + - - - + - - 
12      - + - + - - - 
13       - - - + - - 
15        - - - - + 
16         - + - - 
17          - - - 
18           - + 
19            - 
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Table 12(c).  Pairings between sib-related monospores; Mt Read T1.1, 

nuclear status (M = monokatyotic, D = dikaryotic). 
 

 1 2 4 7 8 12 13 15 16 17 18 19 

1 M M M M M D M M M D M M 
2  M D M M M M M M M M D 
4   M D M M M D M M D M 
7    M M M M M M M M D 
8     M D M M M D M M 
12      M D M D M M M/D 
13       M M M D M M 
15        M M M M D 
16         M D M M 
17          M M M 
18           M D 
19            M 

 
 
 
The percentage of successful matings was 24.2% which 
suggests that H. hemitephrum is a tetrapolar species, and 
the four mating type alleles are represented by the 
following cultures: A1B1(1, 8, 13, 16); A2B2 (12, 17); A1B2 
(4, 19) and A2B1 (7, 15, 18, 2) . Members belonging to the 
A1B1 group are only compatible with members of the A2B2 
group and vice versa, members of the A1B2 group are only 
compatible with those belonging to the A2B1 group and vice 
versa. 
 
(c) Pairings between monospore cultures derived from 
fruit bodies if adjacent decay columns: 
Table 13 shows the results of pairing eight monospore 
cultures each from fruit bodies belonging to adjacent 
decay columns in the same tree at Mount Read. These 
pairings were only scored for reaction type and the 
percentage of compatible reactions was 26.6%. All 
reaction types observed were of the four types described 
above.  
 
(d) Pairings between monospore cultures derived from 
fruit bodies belonging to different populations: 
Table 14 gives the result of pairing four monospore 
cultures derived from single fruit bodies from each the 
Ave Loop, Little Florentine River and Mount read sites. 
All reactions were compatible. Table 14(b) shows the 
result of checking for clamp connections. Although no 
clamps were formed in pairings between monospore culture 
10 from the Arve Loop and the four cultures from Mount 
read, compatible reactions were observed and fluorescence 
microscopy revealed two nuclei per cell in the resulting 
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colonies. Thus all pairings between monospore cultures 
derived from different populations resulted in 
dikaryotization taking place. 
 
 
 
Table 13.  Pairings between monospores derived from adjacent decay 
columns; Mt Read T1.1 and T1.3 (c = compatible, I = incompatible). 

 
     T1.1    

  4 7 8 15 16 17 18 19 

 1 I I I I I I I I 
 2 I C C C I I I I 
 7 I I C I I I I I 
T1.3 10 C I I I I C I C 
 12 C I I I I C I C 
 13 C I I I I C I C 
 16 C I I I I I I C 
 18 I I C I C I I I 

 
 
 
 
Table 14(a).  Pairings between nonsib-related monospores; reaction 

types (M = monokatyotic, D = dikaryotic). 
 
  LFR AL MtR 

  1 2 3 4 5 6 8 10 16 17 18 19 
 1 C I I C C C C C C C C C 
LFR 2  C I I C C I I C C C C 
 3   C I C C C C I C C C 
 4    C C C C C C C C C 
 5     C I I I C/I C C C 
AL 6      C I I C C/I C C 
 8       C I C C C C/I
 10        C C C C C 
 16         C C I I 
MtR 17          C I C 
 18           C C/I
 19            C 
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Table 14(b).  Pairings between nonsib-related monospores; clamp 

formation (+ clamps formed, - no clamp formation). 
 

  LFR AL MtR 

  1 2 3 4 5 6 8 10 16 17 18 19 
 1     + + + + + + + + 
LFR 2     + + + + + + + + 
 3     + + + + + + + + 
 4     + + + + + + + + 
 5         + + + + 
AL 6         + + + + 
 8         + + + + 
 10         -* -* -* -*

 16             
MtR 17             
 18             
 19             

 
 * Dikaryotic cultures without clamp connections 
 
 
 
(ii) Di-mon pairings: 
Tables 15 and 16 show the result of pairing dikaryotic 
isolates from fruit bodies with sib-related monokaryons. 
 
In each case dikaryotization resulted in 11 out of  the 
12 pairings but only after initial antagonism. In all 
cases dikaryotization resulted in the gradual thickening 
of the monokaryon from the initial point of contact 
between the two opposing isolates (see Plate 12). 
Sometimes isolated thick patches formed in the monokaryon 
giving the colony a lumpy, mottled appearance. 
 
 
 

Table 15.  Di-mon pairings; MOUNT READ T1.1 (M = monokatyotic, D = 
dikaryotic, + clamps formed, - no clamp formation). 

 
Day 1 2 4 7 8 12 13 15 16 17 18 19 

10 I I I I I C/I I I I I I I 
 - - - - - + - - - - - - 

17 C I C C C I I I I C I I 
 + + - + + + + + - + - - 

24 C C C C C C C C C C C C 
 + - + - + + + + + + - + 

31 C C C C C C C C C C C C 
 + + + + + + + + + + - + 
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Table 16.  Di-mon pairings; MOUNT READ T1.3 (M = monokatyotic, D = 

dikaryotic, + clamps formed, - no clamp formation). 
 
Day 1 2 3 4 7 8 9 10 12 13 16 18 

10 I I I I C/I I I I I I I I 
 - - - - + - - - - - - - 

17 I C/I C/I C/I C/I C/I I C/I C I C/I I 
 + + + + + - + + + + - + 

21 I C C C C C I C C I C I 
 + + + + + - + + + + + + 

31 I C C C C C I C C I C I 
 + + + + + - + + + + + + 

 
 
 

 
 

Plate 12. Reactions resulting from sib-related di-mon matings of H. 
hemitephrum. 

 
 
 
(iii) Sib-related synthesised dikaryotic pairings: 
In all pairing between sib-composed dikaryons only weak 
antagonism was observed. Most reactions produced were of 
type 4 described in Chapter 2, occasionally a weak hyphal 
build up resembling reaction type 3 was observed. 
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DISCUSSION 
Pairing monospore isolates from the same fruit body and 
from fruit bodies from different populations shows that 
H. hemitephrum is a tetrapolar basidiomycete with a high 
outbreeding potential. However, results from pairing 
monospore isolates obtained from fruit bodies belonging 
to adjacent decay columns do not support the hypotheses 
of free outcrossing, as only 26.6% of these pairings were 
compatible. This cannot be properly explained without 
further investigations being undertaken, but perhaps the 
two fruit bodies in question belong to decay columns in 
which the adjacent mycelia are very closely related. 
 
Although it was tempting to use macroscopic growth form 
to assess compatibility, it was a less consistent 
character than the presence or absence of clamp 
connections or nuclear status. The difficulty in 
assessing whether some reactions were compatible or 
incompatible can be realized if Tables 12(a) and 12(b) 
are compared. Some reactions appeared to be compatible 
and freely merge, however, microscopic examination 
revealed a lack of clamp connections and single nuclei 
per cell. In some compatible reactions, zones resulting 
from initial antagonism also persisted as weak lines in 
the agar under the resulting dikaryotic culture. 
 
Chase and Ullrich (1981) also noted the difficulty in 
assessing compatibility using macroscopic growth form in 
their study on Heterobasidion annosum. Boddy and Rayner 
(1983) also note that some compatible reactions between 
monospore isolates of Phlebia rufra failed to form clamp 
connections. They noted the presence of pseudoclamps, as 
do Nguyen and Neiderpruem (1984) for Schizophyllum 
commune, with or without true clamp connections in some 
pairings. In this study the pairing between monospore 
isolates 16 and 17 from Mount Read T1.1 (refer Table 
12(b)) possessed bulbous, sometimes incomplete clamps 
which were assumed to be pseudoclamps. 
 
Moore-Landecker (1972) states that in certain nuclei, 
heterokaryons can be established between monokaryotic 
hyphae bearing either common A or common B alleles. In 
Schizophyllum commune it has been demonstrated that 
common A alleles prevent the formation of clamp 
connections, disrupt the regularity of nuclear 
distribution and cause morphological and metabolic 
abnormalities in the mycelium. Common B alleles prevent 
nuclear migration, completion of clamp connections, 
karyogamy and meiosis (Moore-Landecker, 1971). She goes 
on the further suggest that apparently all tetrepolar 
fungi are controlled in the same manner. If this is the 
case then it may explain the lack of clamp formation 
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between monospore cultures from colonies resulting from 
these sib-related pairings. However, these observations 
may also be due to different rates of nuclear migration 
through the hyphae. 
 
The high outbreeding potential of H. hemitephrum is 
demonstrated by Tables 14(a) and 14(b) where all pairings 
between non-related monospore cultures resulted in the 
formation of dikaryotic cultures. However, not all 
pairings resulted in the formation of clamp connections. 
The previous explanation for lack of clam formation 
probably does not explain why it has occurred in this 
instance, as it appears to be more than a chance event. 
Only further investigation can supply an answer as to why 
this occurred. It is most likely a peculiarity of isolate 
10 from the Arve Loop as all the Mount Read monospore 
cultures in question were involved in at least one 
pairing resulting in the formation of clamps when paired 
with sib-related monospores (see Table 12(b)). 
 
The ability of a dikaryon to dikaryotize a monokaryon 
appears to be a commen phenomenon in wood-decay 
basidiomycetes (Rayner and Todd, 1979, for Coriolus 
versicolor; Nguyen and Neiderpruem, 1984, for 
Schizophyllum commune; Coates, Rayner and Todd, 1981, for 
Stereum hirsutum). However, Adams and Roth (1967) 
reported that dikaryotic cultures of Fomes cajanderi are 
unable to dikaryotize monokaryons. 
 
Initial antagonism superseded by complete fusion in di-
mon pairings is also characteristic for C. versicolor and 
recorded by Rayner and Todd (1978). They noted in these 
instances, traces of the original antagonistic reaction 
was still discernible on the plates when viewed from 
below. Table 16 shows that in some di-mon pairings, 
dikaryotization resulted even though an incompatible 
reation persisted. This phenomenon was also observed by 
Rayner and Todd (1978) in di-mon pairings for C. 
versicolor. However, the antagonism was only clear along 
distal portions of the interaction interface ans at the 
point of initial contact between the mycelia fused 
imperceptibly (Rayner and Todd, 1979). 
 
The fact that only weak antagonism was observed between 
dikaryons synthesised from sib-related monokaryons was to 
be expected. As mentioned in Chapter 2, the intensity of 
reaction decreases with increased relatedness. The fact 
that antagonism results between dikaryons in which all 
the monokaryotic components are fully compatible shows 
that this antagonism is a purely dikaryotic phenomenon 
(Rayner and Todd, 1979) and is not related to the mating 
system. 
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CHAPTER 4 
 
 

HOST SPECIFICITY OF Heterobasidion hemitephrum 
 
 

INTRODUCTION 
From my field observations and the knowledge of 
experienced forest scientists, H. hemitephrum appears to 
be host specific in Tasmania, and is found fruiting only 
on Nothofagus cunninghamii. 
 
Marks et al (1982) list Acacia dealbata as well as N. 
cunninghamii as hosts in Victoria, with the latter being 
more common. Cunningham (1965) documents eight species 
belonging to five families on which H. hemitephrum has 
been recored fruiting on in New Zealand. These hosts are: 
CUNONIACEAE, Weinmammia racemosa; FAGACEAE, Nothofagus 
cliffoides, N. fusca, N. menziesii: LAURACEAE, 
Beilschmedia taraire, B, tawa: PODOCARPACEAE, Dacrydium 
cupressum and PROTEACEAE, Khightia excelsa. Cunningham 
also lists N. cunninhamii  and Eucalypus sp. from the 
FAGACEAE and MYRTACEAE respectively as hosts in Victoria. 
 
Although no sampling was undertaken in the field in order 
to see if H. hemitephyrm was present in the wood of 
different species, a simple laboratory test was performed 
as an indirect method of ascertaining whether H. 
hemitephrum was capable of growing on the wood of other 
species. 
 
 
METHOD 
Wood samples representing 10 different species (including 
N. cunninghamii) were collected from the Arve Loop site 
in the Arve Valley (see Fig. 1) where H. hemitephrum is 
prolific on stags and fallen dead wood of N. 
cunninghamii. 
 
All the species collected are common wet forest trees in 
Tasmania, of which six belong to families represented by 
hosts in Cunningham (1965), one is listed by Marks et al 
(1982) and three represent species belonging to families 
not recorded as hosts for H. hemitephrum. The families 
and the ten species are: (1) FAGACEAE, N. cunninghamii 
(Myrtle); (2) MYRTACEAE, Euclayptus obliqua; (3) 
CUNONIACEAE, Andopetalum biglandulosum (Horizontal); (4) 
PROTEACEAE, Cenarrhenes nitida (Native Plum); (5) 
PODOCARPACEAE, Phyllocladus aspleniifolius (Celery top 
pine); (6) PODOCARPACEAE, Lagarastrobus franklandii (Huon 
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pine); (7) LEGUMINOSAE, Acacia dealbata (Silver wattle); 
(8) EUCRYPHIACEAE, Eucryphia lucida (Leatherwood); (9) 
RUTACEAE, Phebalium squameum (Lancewood); and 
MONIMIACEAE, Antherosperma moschatum (Sassafras). 
 
The samples collected were sections of branch or trunk, 
approximately 15 cm diameter. Thus being of sufficient 
age to have reasonable quantities of both heartwood and 
sapwood present. 
 
Each sample was debarked (in order to remove any toxic 
phenols which may be present) and then shipped into a 
coarse sawdust. A sufficient quantity of each was then 
placed separately into 500 ml beakers, covered with 
alfoil and autoclaved for 15 minutes in order to kill and 
contaminants present. 
 
The sterile samples were then transferred to 9 mm petri 
dishes and inoculated with H. hemitephrum, which was 
growing in culture on a malt agar medium, and then 
incubated in the dark at 25° C. 
 
Growth rates and density were recorded over a period of 
one month, during which time the wood was kept at a 
suitable moisture content by periodically adding sterile 
tap water as needed. 
 
 
RESULTS 
By far the most vigorous growth occurred on the shavings 
of Antherosperma moschatum which supported a very thick 
healthy mat of mycelium covering the whole plate to such 
an extent that almost all the shavings were completely 
smothered by the fungus (see Table 17 and Plate 13). 
 
Acacia dealbata, Anodopetalum biglandulosum and Eucryphia 
lucida also supported a much healthier and vigorous 
fungal growth than was the case on the N. cunninghamii 
shavings. In all three of these samples the mycelium had 
spread to cover the whole area of the plate, but the 
hyphal mat had not thickened to the same extent as was 
the case on the A. moschatum shavings. 
 
N. cunninghamii, Eucalyptus obliqua, Phebalium squameum 
and Cerrhenes nitida did not support fungal growth to 
anywhere near the same extent as the four species 
previously mentioned, within the 30 days of observation. 
These species only supported a thin patchy growth of 
mycelium. Of these four N. cunninghamii supported the 
healthier growth of H. hemitephrum mycelium. 
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Table 17.  Growth of H. hemitephrum on wood chips of various wet 
forest tree species. 
 

SPECIES 10 DAYS AFTER 
INOCULATION 

15 DAYS AFTER 
INOCULATION 

30 DAYS AFTER 
INOCULATION 

Athrosperma moschatum Growth, 2.5 cm 
radius. Dark 
stain present. 

Thick woolly 
growth 
throughout the 
dish. 

Very thick 
growth covering 
the entire dish 
area. 

Acacia dealbata Growth, 2.0 cm 
radius. Dark 
stain present 

Thick woolly 
growth 
throughout the 
dish. 

Thick mat 
around 
inoculum, and 
woolly growth 
throughout the 
dish. 

Anodopetalum biglandulosum Growth, 2.0 cm 
radius. Dark 
stain present. 

Thick woolly 
growth 
throughout the 
dish. 

Thick growth 
around 
inoculum, and 
woolly growth 
throughout the 
dish. 

Eucryphia lucida Growth, 1.3 cm 
radius. Dark 
stain present. 

Thick growth, 
2.0 cm radius 
with thin 
growth 
radiating from 
this. 

Thick growth 
around 
inoculum, and 
patchy thick 
growth 
throughout the 
dish. 

Nothofagus cunninghamii Growth, 1.5 cm 
radius. No 
staining. 

Thin growth 
throughout the 
dish. Dark 
stain present. 

Thin even 
growth 
throughout the 
dish. 

Eucalyptus obliqua No significant 
growth. No 
staining. 

Thin growth 
throughout the 
dish. 

Patchy thick 
growth 
throughout the 
dish. 

Phlebalium squameum Growth, 1.5 cm 
radius. No 
staining. 

Growth, 1.5 cm 
radius with 
radiating 
patches to 2.5 
cm. 

Patchy thick 
growth 
throughout the 
dish. 

Cenarrhenes nitida Growth, 1.5 cm 
radius. Dark 
stain present. 

Growth, 1.5 cm 
radius with 
radiating 
patches to 2.5 
cm. 

Thin growth 
throughout the 
dish. 

Lagarostrobus franklinii No significant 
growth. 

No significant 
growth. 

No significant 
growth. 

Phyllocaldus asplifoliusen No significant 
growth. 

No significant 
growth. 

No significant 
growth. 
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Plate 13. Growth of H. hemitephrum mycelium on wood shavings of 
common Tasmanian wet forest tree species, 30 days after inoculation. 
 
 
 
No significant growth as observed on either the 
Phyllocladus aspleniifolius or Lagarostrobus franklinii. 
 
On a number of the samples a dark staining of the wood 
shavings was associated with the spread of the fungus. 
However, this was not the pigment that is often 
associated with H. hemitephrum decay of wood in nature 
(see Cunningham, 1965). The staining observed preceded 
the growth of the mycelium by 1.0 to 1.5 cm in some cases 
and contained no visible pigment, but merely gave the 
wood shavings the appearance of being wet. This was most 
likely a result of enzymatic activity interacting with 
the wood. 
 
 
DISCUSSION 
Of the six species tested which represent families listed 
as hosts by Cunningham (1965), only one species, 
Anodopetalum biglandulosum, supported a thick healthy 
growth of mycelium that was vigorous enough to entirely 
cover the substrate provided during the time of the 
experiment. Two of these species did not support any 
significant growth at all. 
 
It is interesting to note that Cunningham lists four 
species of Nothofagus as hosts for H. hemitephrum, and in 
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Tasmania this fungus appears to be host specific on N. 
cunninghamii. However, in this experiment, N. 
cunninghamii did not support growth to nearly the same 
extent as was recorded on Anodopetalum biglandulosum, 
Acacia dealbata or Eucryphia lucida. Marks et al (1982) 
also notes it is more common on N. cunninghamii than of 
A. dealbata in Victoria, but these results show it is 
capable of more vigorous growth of A. dealbata in the 
laboratory. 
 
The results show that H. hemitephrum is capable of 
growing on a wide range of wood types, however, it must 
not be assumed that H. hemitephrum is capable of 
infecting these woods in nature. 
 
These samples were artificially inoculated with already 
actively growing mycelium and no tests were undertaken to 
test spore germination on any of these substrates. All 
samples were debarked prior to chipping. Bark in many 
tree species contains substances inhibitory to the 
germination of many types of fungal spores. Preventing 
germination of spores temporarily or permanently wards 
off a potential source of infection. Phenols are widely 
distributed in the plant kingdom. Many are present in 
intact tissues and are released when the tissues are 
damaged. On diffusing onto the plant surface they can 
inhibit spore germination, mycelial growth and 
sporulation of fungi (Schönbeck and Schlösser, 1976). 
 
Also the fact that all the wood samples were autoclaved 
prior to inoculation, possibly destroying natural 
mechamisms of inhibition that may be present in the wood 
in natural situations. 
 
Martin et al (1957) noted that macerates of many plants 
can inhibit spore germination and some plants can exude 
anti-fungal substances in response to a wounding 
stimulus. 
 
Preformed inhibitory substances are quite active and are 
present in almost every plant, often in concentrations 
many times the amount required to inhibit many species of 
potential pathogens completely (Schönbeck and Schlösser, 
1976). Saponines are considered to be preformed 
substances being anti-fungal in nature, providing the 
pathogen comes into contact with them while invading host 
tissues. If germination does take place the development 
of a pathogen in a host is often substantially enhanced 
through the secretion of enzymes and/or toxins by that 
pathogen. This process can be retarded or completely 
inhibited is preformed substances in the host tissues 
inactivate the detrimental materials or suppress the 
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production of enzymes or toxins by the pathogen 
(Schönbeck and Schlösser, 1976). 
 
Phytoalexins, substances produced by interaction with the 
host, are also inhibitors of spore germination and are 
particularly important in limiting the growth of the 
fungus (Allen, 1976). Saponine concentration can also 
rise in response to an invading microorganism (Schönbeck 
and Schlösser, 1976). 
 
This brief discussion may or may not answer the many 
questions these results pose. Why has H. hemitephrum only 
been recorded on N. cunninghamii, A. dealbata and 
Eucalyptus sp. in Australia? What are the factors making 
N. cunninghamii the specific host for H. hemitephrum in 
Tasmania and/or what factors are excluding the fungus 
from wood of other species? Is in fact the fungus present 
in these other species and is not capable or has never 
been observed fruiting on them and if this is the case, 
why? Only further investigation will find the answers to 
these questions. 
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CHAPTER 5 
 
 

ARTIFICIAL PROPAGATION OF FRUIT BODIES 
 
 

INTRODUCTION  
Ecological genetic studies of population structure are 
further enhanced if typical fruit bodies of the fungus 
can be propagated artificially in the laboratory. The 
production of fruit bodies in culture enables the 
recovery of monokaryotic lines (Adams and Roth, 1967) 
which facilitates heritability experiments and 
identification of genetic factors influencing fruit body 
form (Williams et al, 1981a) and formation. Such fruit 
body production can also facilitate identification of 
environmental factors influencing fruit body form and 
formation. 
 
Prior to this experiment it was not known whether H. 
hemitephrum could be induced to produce fruit bodies in 
the artificial environment of the laboratory and if it 
could would the fruit body produce a fertile hymenium and 
would it be morphologically similar to fruit bodies 
produced in natural field situations? 
 
 
MATERIAL AND METHODS 
Growing fruit bodies of this form (i.e. brackets) in the 
laboratory involves establishing the culture in an 
enriched sawdust medium in a glass flask and then in a 
humid but not stagnant atmosphere of diffuse daylight, 
allowing it to grow through and fruit on a block of 
readily decayed wood. 
 
The medium used was a slightly modified Tamblyn – Da 
Costa (1958) mixture, consisting of the following 
nutrients mixed in 1000 gms of air dried N. cunninghamii 
sawdust: 
 

25 gms maize meal 
15 gms bone meal 
7 gms dried potato powder 
2 gms dried yeast 
5 gms malt extract 
1.75 gms casein hydrolysate 
0.330 gms thiamine hydrochloride 
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The first four ingredients were mixed as dry powders 
directly into the sawdust and the final three ingredients 
were dissolved in 1000 ml of distilled water which was 
used to moisten the medium. 
 
Fifty grams of the dry medium was packed into a clean 250 
ml laboratory flask, with a screw top lid, and moistened 
with 50 mls of the prepared liquid. This was sufficient 
to thoroughly moisten the sawdust without allowing free 
liquid to drain to the bottom of the flask. Fifteen such 
bottles were prepared, the lids secured and autoclaved 
for 15 minutes at 121° C in order to sterilize both the 
bottles and the medium contained within. 
 
Following sterilization, 12 bottles were inoculated with 
selected samples of H. hemitephrum, two with both H. 
hemitephrum and Ganoderma sp. and one with Ganoderma sp. 
(see Table 18). All bottles were incubated in the dark at 
25° C for a period of three weeks after which the 
mycelium had grown completely through to medium contained 
within each bottle. At this stage the lids were removed 
and replaced by sterile wooden blocks, 50 mm square and 
with a 50 mm long spike which fitted firmly inside the 
neck of the bottle (see Fig. 5) and penetrated 
sufficiently into the medium to enable rapid infection of 
the block by the mycelium. These blocks were either N. 
cunninghamii or balsa wood and were moistened to a 
suitable content prior to autoclaving. 
 
Once in place on the flasks the blocks were covered with 
a sterile plastic film secured by a rubber band around 
the neck of the flask, to exclude contamination. The 
culture jars were then placed in a large glass humidity 
chamber kept at room temperature. The chamber was 
situated in the laboratory in such a way that only 
diffuse light was able to reach the culture bottles. The 
humidity was maintained by bubbling filtered air through 
a reservoir of water maintained in the bottom of the 
chamber. 
 
Slight modifications to some of the balsa plugs (see Fig. 
5) allowed for extra experimentation to be carried out at 
the same time. These modifications allowed some of the 
flasks to be inoculated with two antagonistic H. 
hemitephrum individuals or with two species. The wicks 
enable the blocks to be infected by both individuals or 
species allowing antagonism to be directly observed in 
the blocks. In a number of flasks the wooden blocks were 
replaced by short sections of N. cunninghamii branch of 
suitable diameter (see Table 18). 
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Table 18.  Isolates and block types used for artificial fruit body 
production. 
 

BOTTLE NO. BLOCK TYPE INOCULUM 
SPECIES 

SITE ISOLATE NO.

1 Balsa H. hemitephrum LFR T 5.78 

2 Balsa H. hemitephrum LFR T 5.78 

3 Myrtle H. hemitephrum LFR T 5.78 

4 Myrtle branch H. hemitephrum LFR T 5.78 

5 Balsa H. hemitephrum LFR T 5.87 

6 Balsa H. hemitephrum LFR T 5.87 

7 Mtrtle H. hemitephrum LFR T 5.87 

8 Myrtle branch H. hemitephrum LFR T 5.87 

9 Balsa H. hemitephrum LFR T 3.5 

10 Balsa H. hemitephrum LFR T 3.5 

11 Balsa H. hemitephrum LFR T 3.3 + T 3.4 

12 Balsa H. hemitephrum LFR T 3.3 + T 3.4 

13 Balsa Ganoderma sp. 

H. hemitephrum 

AL 

LFR 

 

T 5.78 

14 Balsa Ganoderma sp. AL  

15 Balsa Ganoderma sp. 

H. hemitephrum 

AL 

LFR 

 

T 5.78 

 
 
 
The samples selected for inoculation  were chosen because 
they represented individuals which naturally infected 
logs had already produced numerous fruit bodies or showed 
strong antagonism towards each other. Ganoderma sp. was 
chosen as an opposing species because it is often found 
infecting the same tree along with H. hemitephrum. All 
samples were thus chosen to enhance the chances of 
getting positive results in the experiment. 
 
 
RESULTS 
After 90 days the majority of the isolates were producing 
abortive fruit bodies (refer Cheung, 1966) on the wooden 
blocks, however, the only isolates to have produced fruit 
bodies with a hymenial layer were LFR T5.78 in bottle 3 
(see Plate 14) and the Ganoderma sp. in bottle 14. 
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Figure 5.  Wooden blocks utilised in fruit body production in the 
laboratory.  Block used for single infection (a), and block used for 
multiple infections (b): each spike acting as a wick for infection. 
 
 
 
After five months all the H. hemitephrum isolates had 
produced abortive fruit bodies on the wooden blocks (see 
Plate 15). The majority of these were produced from the 
lower edge of the block with no consistent orientation. 
In all cases the upper surface of the blocks was covered 
by a hyphal mat. Usually the abortive fruit bodies and 
hyphal mats were coloured white but several were coloured 
pink-brown under which, on some, the characteristic 
orange layer could be seen (refer Chapter 1). At this 
stage the small fruit body produced by LFR T5.78 in 
bottle 3, had aborted its development and the hymenium 
had been overgrown. However, a small fruit body 
possessing a hymenial layer was produced by another 
subculture of this same isolate in bottle 1. This fruit 
body did not resemble those seen in nature as it had no 
colouring and the hymenium was not fully formed. The 
fertile layer consisted of two small areas of pores 
recessed into the lower edge of the fruit body rather 
than covering the entire lower surface. 
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Table 19.  Observations on artificial fruit body production, 5 months 
after inoculation 
 
Block No.    OBSERVATIONS     
 
1. Block still solid.  Small fruit body (17 mm) with hymenium, 

approx. 1.5 mm thick, produced from lower edge of block.  
Several abortive fruit bodies, coloured pink-brown, produced 
from sides of block  

2. Block moderately rotted on front face, still solid on other 
faces.  Pink-brown, abortive fruit bodies produced from 
lower edge of block. 

3. Block still solid.  Abortive fruit bodies produced from 
lower edge of block. 

4. Block still solid.  Pink-brown abortive fruit bodiy produced 
from upper surface of branch. 

5. Block moderately rotted.  Abortive fruit bodies produced 
from lower edge of block. 

6. Block moderately rotted.  Abortive fruit bodies produced 
from lower edge of block. 

7. Block still solid.  Abortive fruit bodies produced from side 
of block. 

8. Branch still solid.  Small abortive fruit bodies on bark 
surface. 

9. Block well rotted, very soft.  Abortive fruit bodies 
produced from all sides of block. 

10. Block well rotted, very soft.  Thick hyphal mat covering 
lower 2/3 of block. 

11. Zone of antagonism formed in block.  Side infected with LFR 
T3.3, well rotted and very soft.  Resupinate fruit bodies 
with hymenium produced from lower edge and side of block.  
Side of block infected with LFR T3.4 moderately rotted.  
Hyphal mat formed on side of block. 

12. Zone of antagonism formed in block and between hyphal mats 
on the surface of the block.  Side of block infected with 
LFR T3.3 well rotted, side infected with LFR T3.4 moderately 
rotted. 

13. Only Ganoderma has infected the block.  Block well rotted 
and soft. 

14. Block well rotted and soft. 
15. Only Ganoderma has infected the block.  Block well rotted 

and soft. 
.            

 
 
 
On block 11, the LFR T3.3 isolate produced a lumpy hyphal 
mat with a hymenium resembling that of a resupinate fruit 
body rather than the normal applanate form produces on 
vertical substrates. 
 
The small fruit body produced by the Ganoderma isolate in 
bottle 14 continued its development and after 5 months 
was morphologically very similar to fruit bodies produced 
in nature (see Plates 15 and 16). The upper surface was 
coloured dark brown with a cream-buff coloured hymenial 
layer. Blocks infected with Ganoderma did not produce 
hyphal mats as observed on the blocks infected with H. 
hemitephrum. 
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Plate 14.  H. hemitephrum fruit body, produced in culture on block 3, 
90 days after inioculation 

 
 
 
As a result of inoculating media in the bottles with 
antagonistic individuals of H. hemitephrum (bottles 11 
and 12) a zone line developed between the opposing 
colonies in the balsa blocks (see Plate 17). This 
antagonistic zone was clearly visible on both the surface 
of the block between hyphal mats and abortive fruit 
bodies and inside the blocks as a pigmented line (see 
Plate 18). The antagonistic zone was clearly visible in 
the sawdust medium in the bottle. 
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Plate 15.  Cultured fruit body production, 5 months afterinoculum.  

Left, abortive fruitbody of H. hemitephrum; right, fertile fruit body 
of Ganoderma sp. 

 
 
 

 
 

Plate 16.  Sections through decayed blocks.  Left, block infected 
with H. hemitephrum; right, block infected with Ganoderma sp. 
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Plate 17.  Zone lines between antagonistic individuals of H. 
hemitephrum. 

 
 
 
When bottles were inoculated with H. hemitephrum and 
Ganoderma sp. (bottles 13 and 15), the Ganoderma outgrew 
Heterobasidion in both cases resulting in single 
Ganoderma infections in the balsa blocks. However, 
interspecific zone lines were clearly visible in the 
sawdust medium in each bottle. 
 
 
DISCUSSION 
Tamblyn and Da Costa (1958) noted that it took up to six 
months for Fomes gilvus (Fr.) Lloyd to develop fruit 
bodies of normal shape, size and colouration. They also 
observed some pileate species developing resupinate 
bodies, and fruit bodies developing on any face of the 
block with many developing from the lower face. 
 
Cheung (1966) noted many cultures of Coriolus versicolor 
producing abortive fruiting bodies and suggests that a 
constant high humidity stimulated the vegetative stage of 
the fungi. He found that by cutting down the water supply 
and allowing the surface of the blocks to remain dry for 
most of the day, climactic fluctuations resembling field 
conditions were simulated, and normal shaped, fertile 
fruit bodies were produced. 
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Plate 18.  Section through block infected with antagonistic 
individuals of H. hemitephrum (note zone line in sawdust medium in 

bottle) 
 
 
 
H. hemitephrum is a reasonably large organism ands this 
experiment was carried out using small volume flasks (250 
ml) which held only 50 gms of dry medium. Although 
Tamblyn and Da Costa successfully fruited Fomes gilvus, a 
similar organism to H. hemitephrum in size and morphology 
(see Fergus, 1960, page 80), in small jars they noted 
that it took at least six months to achieve. Perhaps if 
larger medium jars were used and some modifications along 
the lines adopted by Cheung (1966), normal shaped, 
fertile fruit bodies of H. hemitephrum could be produced 
by this method. 
 
Initially there was heavy Penicillium contamination on 
the surface of the wooden blocks when the sterile plastic 
film was removed. However, this did not appear to 
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adversely affect the growing of either H. hemitephrum or 
Ganoderma. The mycelium spread quite rapidly over the 
surface of the blocks and after 2-3 weeks the Penicillium 
was eliminated altogether. The pink-brown colouring of 
the abortive fruit bodies and hyphal mats was, at first, 
thought to be a contaminant, however, as the experiment 
proceeded it became obvious that the colour was 
associated with H. hemitephrum and on cutting the surface 
of the pink-brown abortive fruit bodies the 
characteristic orange layer was visible underneath. 
 
Although artificial fruit body production was not fully 
successful on this occasion, the experiment served to 
demonstrate several other interesting behavioural aspects 
of H. hemitephrum. 
 
There appears to be much variation in the ability of each 
isolate to decay the wooden blocks. Although all the 
myrtle blocks and branch segments were still very solid 
after five months, there was much variation in the state 
of decay of the balsa blocks. 
 
Blocks infected by the LFR5.78 isolate were still solid 
at the end of the experiment, those infected by the LFR 
T5.87 isolate were moderately rotted, however, the blocks 
infected by the LFR T3.5 isolate were in advanced state 
of decay and quite soft and fibrous. This variation was 
clearly demonstrated in the blocks infected by the two 
antagonistic individuals, LFR T3.3 and LFR T3.4. The side 
of the block infected by LFR T3.3 was in an advanced 
state of decay with the wood structure being almost 
completely broken down and very soft and fibrous. 
 
All the blocks infected by Ganoderma were in an advanced 
state of decay. The efficiency of Ganoderma as a rotting 
agent is most likely the reason it was able to outcompete 
the LFR T5.78 isolate in bottles 13 and 15, as this 
isolate of H. hemitephrum appears to be the weakest 
rotting agent of all the isolates utilized in this 
experiment. 
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CHAPTER 6 
 
 

CONCLUSION 
 
 

Heterobasidion hemitephrum can be added to the list of 
higher fungi in which intraspecific antagonism has been 
observed and the results of this study serve to emphasize 
the possibility that antagonism between dikaryons of 
wood-decay basidiomycetes belonging to the same species, 
may be general rather than exceptional. 
 
If this is the case then the concept, of genetically 
distinct mycelia of the same fungus species acting 
ecologically and physiologically as a single unit, 
proposed by Buller and later advocated by Burnett and 
Partington, no longer holds. Now the “space-invading 
higher mycelial fungi are emerging as highly territorial 
organisms, in which access to domain captured any one 
individual in a population is denied another” (Rayner et 
al, 1984). 
 
Interspecific antagonism in H. hemitephram was shown to 
operate at all levels of population organization , and, 
as is the case in many other species of wood-decay fungi 
(see Chapter 2), antagonism is expressed by the fact that 
isolates of H. hemitephrum derived from opposite sides of 
the dark lines are antagonistic on malt agar, making zone  
lines central to interpreting population and community 
structure in wood. These zone lines can be re-created in 
the laboratory by infecting wooden blocks with 
antagonistic isolates (refer Chapter 5). 
 
Rayner and Todd (1979) indicate the intraspecific 
antagonism in basidiomycetes seems to operate primarily 
as a system for vegetative and non reproductive isolation 
and hence for the delimination of individuals. This is 
shown to be so in H. hemitephrum by the fact that 
monokaryons derived from fruit bodies from different 
localities (Table 4) are all interfertile even though the 
corresponding dikaryotic cultures are antagonistic on 
malt agar. 
 
The establishment of different dikaryons of H. 
hemitephrum within a woody substrate is dependent on the 
initial colonization by basidiospores (refer Chapter 2). 
Recently the importance of the monokaryotic phase in 
resource capture and determining population structure has 
been recognized. Williams et al. (1981b) and Rayner et 
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al. (1984) stress that the final distribution of mutually 
antagonistic mycelia may not be dependent on their own 
intrinsic properties but on the duration, growth rates 
and patterns of nucleus exchange on monokaryons. 
 
The importance of the transition from primary to 
secondary mycelium can be demonstrated by inoculating 
malt agar plates with a number of monokaryotic mycelium. 
Using Coriolus versicolor and Stereum hirsutum, Rayner et 
al (1984) demonstrated that the range occupied by non-sib 
composed secondary mycelium was substantially greater 
than that of sib composed mycelium. 
 
This study also showed that dikaryotic cultures of H. 
hemitephrum have the ability to dikaryotize monokaryons. 
In view of the recent emphasis placed on the monokaryon 
in resource capture, this ability may play a significant 
role in establishing a natural population. This has also 
been suggested by other authors (e.g. Rayner and Todd, 
1979; for C. veriscolor and Bjerkandera adusta). 
 
That columns of decay can be regarded as individuals with 
genetic differences, may be reflected by the 
manifestation of polymorphisms between their fruit 
bodies. Rayner and Todd (1982) found that in wood 
colonized by C. versicolor there was no exception to the 
generalization that where fruit bodies differing in 
appearance were present at the surface, interaction lines 
occurred in the wood, and the delimited individual decay 
columns were equivalent in number and position to the 
various morphological types. 
 
Like C. versicolor, H. hemitephrum was found to be very 
polymorphic (refer Chapter 1), and an estimate of the 
number of morphological types could, in future studies of 
population structure, act as a guide to the number of 
individuals present. 
 
Individuality is also expressed by different isolates of 
H. hemitephrum by their varying abilities to rot wooden 
blocks on which it was attempted to produce fruit bodies 
in the laboratory (refer Chapter 5). Demonstrating that 
individuals vary in their abilities to rot wood aids in 
understanding population dynamics and competitiveness 
within a population and enhances interpretation of the 
three dimensional picture of population and community 
structure (refer Chapter 2). 
 
H. hemitephrum was found to be a binucleate, tetreapolar 
basidiomycete, as is the case with C. versicolor (Todd 
and Rayner, 1978). However, intraspecific antagonism 
appears to operate in a wide range of wood-decay 
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basidiomycetes with a wide variety of mating and nucelar 
behaviours. Other basidiomycetes displaying intraspecific 
antagonism can be holocoenocytic, homothallic as with 
Stereum hirsutum, and Phanerochaete velutina or 
astatocoenocytic, bipolar as with Phlebia merismoides 
(Todd and Rayner, 1978), P. rufa, P. radiata and P. 
contorta (Boddy and Rayner, 1983). 
 
The large number of species of diverse mating and nuclear 
behaviour in which this phenomenon has been reported 
suggests that it may be of general rather than 
exceptional occurrence in the wood-decaying 
basidiomycetes (Rayner and Todd, 1982) or perhaps in the 
higher fungi in general (Rayner and Todd, 1977, 1982). 
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