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Summary. There is a large body of literature concerning 
the value of mycorrhiza to plant growth. Recent empha- 
sis on the potential benefits of the fungi to natural eco- 
systems conservation and productive agriculture has fo- 
cused attention on the roles and underlying mechanisms 
of the association. In parallel, recognition that isolates/ 
species of vesicular arbuscular mycorrhizal fungi have 
variable life-history traits has resulted in investigations 
focused on the symbiotic fungi rather than the host, a 
perspective which may reflect the fungal evolutionary 
strategies. This paper discusses progress in understand- 
ing interactions amongst hyphae, which in one form or 
another are a major component of mycorrhiza and each 
phase of the life-history. 
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Introduction 

Mycorrhizal fungi are a major microbiological compo- 
nent of plant and soil ecology. They underpin plant 
function in most natural habitats and may have a similar 
role in many agricultural and land rehabilitation sites. 
Any interactions among hyphae of vesicular arbuscular 
mycorrhizal (VAM) fungi will influence their functional 
relationships with roots, the soil-root interface and the 
wider soil matrix. While the value of mycorrhizal fungi 
may be considered by plant ecologists and agriculturists 
to be the benefits to plant survival and growth and by 
soil scientists to be their contribution to the microbiolo- 
gy, organic matter and certain structural aspects of soil, 
the prime strategy for these fungi, as for any other or- 
ganism, is to persist. 

To survive, these biotrophic fungi must form an as- 
sociation with a host plant which enables them to pro- 
duce propagules perennating throughout periods when 
living roots are absent (Tommerup 1988). The life styles 
of individual VAM fungi associated with susceptible 
hosts are influenced by three major facets of their envi- 
ronment, namely, the incidence of competitors, stress 

and disturbance (Tommerup 1985). In the absence of a 
susceptible host, the nature and importance of stress 
factors are increased. The fungi have a wide host range, 
an isolate forming associations with taxonomically div- 
erse hosts (Gerdemann 1975). As a consequence of this, 
their polycyclic habit and their characteristic of growing 
through soil to colonise other roots, the fungi may de- 
velop an extensive network linking colonies within and 
among root systems (Francis et al. 1986). Fungal isolates 
probably have the same host range as the species, al- 
though the degree of compatibility between fungal iso- 
lates and host lines (sub-species genetic categories) may 
vary (Tommerup 1988). For plants which are highly re- 
sistant to VAM fungi, such as the Brassicaceae and Lu- 
pinus, there may be more easily recognised differences 
among isolates in their interaction phenotypes, which in- 
dicate fungus strain-host cultivar specificity. Although 
some crop plants may be resistant, in natural ecosystems 
where resistant and susceptible plants are interspersed, 
differentials in susceptibility to the fungi may prejudice 
the outcome of competitive interactions amongst them. 

Many VAM fungi can simultaneously colonise a root 
segment (Wilson 1984a, b; Francis et al. 1986; Tomme- 
rup 1988). Hence, hypha-hypha interactions within a 
root, at the root surface or in soil may be between hy- 
phae of the same isolate, the same species or different 
species. Distinguishing the hyphae relies on visual tech- 
niques for recognising anatomically distinct hyphae (Ab- 
bott 1982), immunological or enzymological (Rosendahl 
et al. 1989) or restriction fragment length-polymerase 
chain reaction methods. Developing the specific tech- 
niques for the latter is the subject of current research. 
Competitive interactions in roots/mycorrhiza or at 
root/mycorrhiza surfaces are discussed below. 

Interactions within and among individuals 

The question arises as to what is an individual VAM 
fungus? The form of an individual varies with the stage 
in the life-history and it may not be a constant genetic 
entity. Spores have a population of nuclei which may be 
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genetically diverse (Tommerup 1988). Mycelium arising 
from a spore may or may not have all the diversity of 
the spore, and a mycelium may have greater diversity 
due to hyphal fusion with another, probably related, in- 
dividual and consequent genetic transfer. A key factor 
for an individual is to maintain or expand its genetic po- 
tential and to propagate that to the next generation. 
That versatility allows the fungus to adopt different 
strategies under different situations and at different 
times during its life-history (Tommerup 1992). 

Interactions occur between arbuscules and other hy- 
phae and among intra-/extraradicle hyphae in coopera- 
tive and competitive frameworks for nutritional aspects 
such as carbon and phosphorus flow and mycelium sur- 
vival. Differences within an isolate in survival between 
arbuscules and other intraradicle hyphae, and thin- and 
thick-walled hyphae have been quantified to some extent 
(Mosse 1973; Tommerup 1992; Wilson and Tommerup 
1992). Such differences have not been quantified among 
isolates within a species or among species. Carbon/ 
phosphorus movement occurs within colonies (Cox and 
Tinker 1976; Cooper and Tinker 1978; Francis et al. 
1986; Jakobsen 1991). However, at the level of interac- 
tions amongst individual hyphae, the mechanisms of co- 
operation and competition are yet to be established. The 
possible role of the host-fungus compatibility phenotype 
in influencing quantitative aspects is also not under- 
stood. These factors are recognised as being important 
for elucidating key aspects of mycorrhiza function, and 
current research in several laboratories may provide 
functional hypotheses in the near future. 

Interactions and sexual and asexual reproduction 

The capacity for compatible anastomosis amongst vege- 
tative hyphae has been used as a character to distinguish 
putative genetic similarity/dissimilarity amongst mycelia 
arising from morphologically similar spores (Tommerup 
1988). Within one species, mating type compatibility can 
overcome vegetative incompatibility (Tommerup and Si- 
vasithamparam 1990). Strands comprised of aggregated 
vegetative hyphae appear to be rarely formed by VAM 
fungi, although hyphae may extend radially more than 
11 cm from a root (Rhodes and Gerdemann 1975; Ja- 
kobsen et al. 1990). However, sporocarps are comprised 
of loose aggregates of many hyphae which arise as 
branches from a few hyphae (Abbott and Robson 
1979). 

Interactions and competition 

The ability to obtain energy must be a major factor in 
interactions among hyphae. Both the mechanisms for 
acquiring energy and whether or not species/isolates dif- 
fer in their capacities to do so are at present unknown. 
Observations indicate that in susceptible portions of 
roots prior occupation does not eliminate a competitor 
and many species can have overlapping colonies in a 
root (Wilson and Trinick 1983; Wilson 1984a; Rosen- 

dahl et al. 1989). Fungi vary in their abilities to cohabit. 
Comparisons among pairs of fungi showed that those 
which were most aggressive and most likely to reduce 
colonisation by another were least likely to be found as 
dual occupants (Wilson and Trinick 1983; Wilson 
1984b). Prior occupation of a root may bestow a nutri- 
tional advantage to that isolate whether or not nutrient 
flow is preferentially directed due to colonisation. If the 
first coloniser of a root region has a nutritional advan- 
tage, then geometry of colonisation may be an impor- 
tant attribute of aggressiveness. The fungi vary in their 
colonisation patterns due to differences in rates of intra- 
radicle growth, amount of hyphae per entry point, and 
growth of external mycelium along roots before entry 
points are formed (Tommerup 1992; Wilson and Tom- 
merup 1992). The size, number and distribution of pro- 
pagules of individuals will be important factors in ini- 
tiating colonies. Reproduction in one season will affect 
competitive ability in the next. In relatively non- 
stressed, undisturbed environments, persistence of an in- 
dividual will depend on its competitive and aggressive 
ability, for which hyphal networks seem to be a particu- 
larly important component (Wilson and Tommerup 
1992). 

Interactions and stress 

Environmental stress is imposed by physical or chemical 
factors which limit the production of fungal biomass 
and propagules. Species differ in the temperature, mois- 
ture and pH extremes for propagule regrowth and bio- 
mass production (Tommerup 1992; Wilson and Tomme- 
rup 1992). For any one isolate, intra- and extraradicle 
hyphal growth of mycorrhiza may not necessarily be in- 
fluenced by particular environmental factors to the same 
extent as hyphae from non-mycorrhizal propagules, 
Therefore, in assessing competitive interactions amongst 
fungi, it is unwise to extrapolate from one life-history 
phase to another. Furthermore, because at present there 
is insufficient understanding for any species to confi- 
dently extrapolate within a species, for most hyphal 
characteristics the specific behaviour of an isolate needs 
to be defined. 

Interactions and disturbance 

Disturbance can be a destructive environmental change, 
such as tillage and vegetation clearing, or one which 
provides new opportunities for colonisation, such as 
revegetation of fallow soil or mine overburdens. The 
ecological success of fungi under these conditions will 
result from their stress tolerance, competitiveness, ag- 
gressiveness and ruderal characteristics. Fungi having 
ruderal characteristics may have both competitive hy- 
phae and many different propagule forms favouring 
survival (Wilson and Tommerup 1992). Inter- and intra- 
radicle hyphal interactions may also be such that they 
promote hyphal spread within and among root systems 
to rapidly produce extensive colonisation (Wilson and 
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Trinick 1983; Wilson and T o m m e r u p  1992). Density-de- 
pendent  t rade-offs  in growth  rate and reproduc t ion  
(Mueller et al. 1991) have not  been examined in the con- 
text o f  mycorrh iza .  

The future 

While much  progress has been made  in unders tanding 
the funct ioning of  mycorrh iza ,  less is k n o w n  of  the 
mechanisms governing the interactions a m o n g  the hy- 
phae.  As the level o f  knowledge of  individual isolates 
and the interactions between pairs o f  these is increased 
by fol lowing their progress th rough  a variety o f  regimes, 
with special allowances made  for  the processes o f  poly-  
cyclic development ,  arbuscule format ion /senescence  
and long-short- l ived extraradicle hyphae,  deterministic 
and other  forms o f  models  will become available. The 
funct ional  significance o f  the various differentiated hy- 
phal  forms will become clearer now that  recent technol-  
ogical advances make  it possible to investigate living or- 
ganisms. Most  mycor rh iza  studies examine interactions 
involving plants,  fungal  symbionts  and bacter ia /ac t ino-  
mycetes,  and the role o f  the latter in the interactions is 
being increasingly quest ioned and examined. 
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