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PREFACE

This manual was initially prepared for an ACIAR-sponsored
International Mycorrhizal Workshop in Kaiping, China in 1994.
The main focus of this workshop was to promote the use of
mycorrhizal fungi for eucalypt plantation forestry in China, but
other mycorrhizal research topics were presented. This
document was created to provide explanations of the main
procedures employed by mycorrhizal scientists to work with
mycorrhizal fungi and roots in the laboratory, nursery or natural
and managed ecosystems. The targeted audience of this manual
includes managers of forest nurseries and plantations,
horticulturalist and agronomists, as well as students and scientific
researchers. Practical applications of mycorrhizal research in
forestry and agricultural situations, especially using Australian
trees and fungi, in the Asian Region have been emphasised.
Diagrams and recipes were designed to contain sufficient
information to allow these procedures to be used without
additional information or prior experience. In this manual,
emphasis has been placed on techniques which require only
readily obtainable and relatively inexpensive equipment and
chemicals. We expect that this manual will be especially helpful to
scientists who have limited access to scientific literature. VWe have
also tried to restrict methods presented to those we have
successfully used ourselves and have endeavoured to reproduce
instructions and formulas as clearly an concisely as possible.
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Chapter |
INTRODUCTION

1.1. MYCORRHIZAL ASSOCIATIONS

Mycorrhizas are highly evolved, mutualistic associations between
soil fungi and plant roots. The partners in this association are
members of the fungus kingdom (Basidiomycetes, Ascomycetes
and Zygomycetes) and most vascular plants (Harley & Smith 1983,
Kendrick 1992, Brundrett 1991). In the mycorrhizal literature, the
term symbiosis is often used to describe these highly
interdependent mutualistic relationships where the host plant
receives mineral nutrients while the fungus obtains photosynthetically
derived carbon compounds (Harley & Smith 1983, Harley 1989).

A. Association types

At least seven different types of mycorrhizal associations have
been recognised, involving different groups of fungi and host
plants and distinct morphology patterns (Table 1.1). The most
common associations are:

I. vesicular-arbuscular mycorrhizas (VAM) — in which
Zygomycete fungi produce arbuscules, hyphae, and vesicles
within root cortex cells,

2. ectomycorrhizas (ECM) — where Basidiomycetes and other
fungi form a mantle around roots and a Hartig net between
root cells,

3. orchid mycorrhizas — where fungi produce coils of hyphae
within roots (or stems) of orchidaceous plants,

4. ericoid mycorrhizas — involving hyphal coils in outer cells of
the narrow ‘hair roots’ of plants in the plant order Ericales,
and

5. ectendo-, arbutoid and monotropoid associations which are
similar to ectomycorrhizal associations, but have specialised
anatomical features (Table I.1).

Only ECM and VAM associations will be considered in this manual.

Table 1.1. Types of mycorrhizal associations (after Harley & Smith 1983).

VAM ECM Ectendo- Arbutoid  Monotropoid  Ericoid Orchid

Root structures

Septate hyphae -{*) +— + = + + + +

Hyphae in cells + -{*) o+ + + + +

Hyphal coils i = + + = + +

Arbuscules + = — ~ = — =

Fungal sheath - + (=) + (=) + + - -

Hartig net - + + + + = =

Vesicles + — ~ - - - - —
Host plants Vascular plants Gymnosperms Ericales Mono- Ericales  Orchidaceae

& Angiosperms tropaceae

Plant has chlorophyll + + + + - - + +—
Fungi Zygo-Glomales Most Basid-, but some Asco- and Zygo- Asco- (Basid-)  Basid-
Notes: — = absent, + = present, (+) = sometimes present, () = sometimes absent, +— = present or absent,

Basid- = Basidiomycetes, Asco- = Ascomycetes, Zygo = Zygomycetes.
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B. Host plants

Field surveys have found that plants with mycorrhizal associations
predominate in most natural ecosystems in Australia and
throughout the world (Brundrett 1991, Brundrect & Abbote 1991,
Brundrett et al. 1994). VAM are the most prevalent of these
associations in Australian plant communities, but trees and plants
with ECM associations are important in most habitats, and non-
mycorrhizal species such as members of the Proteaceae are also
often common (Table 1.2). However, there is still much to learn
about the fungal associations of Australian plants, including
species which are economically important.

Table 1.2. Mycorrhizal associations of some economically important families and genera of woody Australian
plants (Turnbull 1986). Data from Brundrett & Abbott (1991), Brundrett et al. (1995) and the additional

references which are given.

Family
Genus

Mycorrhizal association

Notes and additional references:

Anacardiaceae
Buchanania
Caesalpiniaceae
Cassio, Erythrophleum, Senna, Labichea
Casuarinaceae
Allocasuarina,
Casuarina
Combretaceae
Terminalia
Euphorbiaceae
Petalostigma
Fabaceae
Most genera
Gompholobium, facksonia, Mirbelia,
Oxylobium, etc.

Daviesia™
Lecythidaceae
Planchonia
Meliaceae
Owenia
Mimosaceae
Acacia

Moraceae
Ficus
Myrtaceae
Agonis
Eucalyprus, Leptospermum, Melaleuca

Syzygium
Proteaceae
Banksia, Grevillea, Persoonia, etc.
Rhamnaceae
Trymalium
Sapotaceae
Planchonella
Sterculiaceae
Brachychiton

VAM
VAM

ECM/VAM
VAM (ECM)

VAM
VAM
VAM
ECM/VAM
NM*
VAM
VAM/ECM

ECM/VAM
VAM

VAM
VAM/ECM
ECM/VAM

VAM

NM
ECM/VAM
VAM

VAM

N-fixing nodules

N-fixing nodules
Theodorou & Reddell (1991), Thoen
et al. (1990), Dell et al. (1994)

N-fixing nodules

VAM most common, but many also have
dual ECM/VAM associations and a few
are nonmycorrhizal

Kope & Warcup {1986)

*Cluster roots

N-fixing nodules
Warcup (1980), Reddell &
Warren (1987), Bellgard (1991)

Smaller shrubs often have VAM only,
while larger shrubs and trees have ECM
or dual ECM/VAM associations

Chilvers & Pryor (1965), Lamont (1979).
Bellgard (1991)

Cluster roots

Notes: NM = non-mycorrhizal, ECM/VAM or VAM/ECM = dual associations with the most important listed first.
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C. Mycorrhizal fungi

Members of the fungus kingdom obtain nutrition from many
sources, including decomposition of organic substrates, predation
and parasitism, and involvement in mutualistic associations
(Christensen 1989, Kendrick 1992). Many soil fungi are saprobes
with the enzymatic ability to digest organic substrates of varying
degrees of complexity, but some subsist on very low levels of
organic or inorganic substrates (Wainwright 1988). Mycorrhizal
fungi are a major component of the soil microflora in many
ecosystems, but usually have limited saprophytic abilities (Harley
& Smith 1983). Mycorrhizal fungi have many important roles in
natural and managed ecosystems (Table |1.3). More information
about fungi forming ECM and VAM associations is provided in
Chapters 2 and 4, respectively.

In a recent review of mycorrhizal research trends,
Kilronomos & Kendrick (1993) state that ‘we may know less than
we think about mycorrhizas, since we have consistently based
broad hypotheses and conclusions on studies of a small number
of taxa’. Populations of mycorrhizal fungi are thought to have
occupied the same soil habitats for millions of years, slowly
adapting to changes in site conditions (Trappe & Molina |986).
Some mycorrhizal fungi appear to have worldwide distribution
patterns and have apparently adapted to a wide range of habitats,
but it is known that soil factors such as pH restrict the
distribution of many taxa (Abbott & Robson 1991, Brundrett
1991). Unfortunately, information about the soil and climatic
conditions where isolates used in experiments were originally
obtained is usually not provided. These data are urgently needed
to allow isolates to be selected for use in inoculation programs
and to establish correlations between their taxonomy and
physiology. The fact that most mycorrhizal research has been
concerned with plant growth responses with little consideration
of the fungi involved has also helped to create the false
impression that most of these fungi are functionally equivalent
(Abbott & Robson 1991, Brundrett 1991). Table 1.4 lists
properties of individual mycorrhizal fungi, resulting from their
adaptations to soil/environmental/host factors, which can be used
to select isolates for specific purposes. Fungal properties which
would help determine the effectiveness of mycorrhizal
associations include the amount of soil hyphae produced relative
to root colonisation, the rate of hyphal growth and root colony
initiation and physiological characteristics which regulate nutrient
absorption or nutrient translocation by hyphae and exchange with
the host (Kottke & Oberwinkler 1986, Smith & Gianinazzi-
Pearson 1988, Abbott et al. 1992).

The potential for manipulating mycorrhizal associations to
increase plant productivity in plantation forestry, or plant
establishment during ecosystem recovery after severe
disturbance, is the focus of major research initiatives. There is
also much interest in their potential utilisation in agriculture and
horticulture. However, we know very lictle about the taxonomic

Chapter | Introduction
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or functional diversity of mycorrhizal fungi in Australia (Bougher
1995). Indeed, there is a paucity of knowledge about all Australian
fungi, with only about 10% of these organisms having been named,
while an estimated 80% of them remain undiscovered (Pascoe
1991). Knowledge of mycorrhizal fungus diversity is important
because of their important roles in natural and managed
ecosystems (Table 1.3). Since different fungal taxa would vary in
their capacity to utilise resources, withstand adverse conditions,
etc. (Table |.4), mycorrhizal fungus diversity must contribute to
the resilience of ecosystems. The functional diversity of
mycorrhizal fungi provides opportunities to select fungi adapted
to specific combinations of host/environment/soil conditions
(Table 1.4) to optimise tree growth in plantations. The high
diversity of mycorrhizal fungi associated with eucalypts in
Awustralia provides a very large and valuable biological resource
for plantation forestry.

Table 1.3. Important roles of mycorrhizal fungi in natural and
managed ecosystems.

A. Benefits to plants

« Plant nutrient supply through mycorrhizal roots

« Antagonism of parasitic organisms

* Non-nutritional benefits due to water relations, etc.
B. Other roles in ecosystems

*» Nutrient cycling and conservation by soil mycelia

= Fungi are important food sources for many animals

* Improving soil structure

*» Carbon transport from plant roots to other soil organisms
C. Values to people

* Valuable food resources

*» Medicinal uses

« Aesthetic values

* Fungal diversity is a bio-indicator of environmental quality

Table 1.4. The functional diversity of mycorrhizal fungi includes
variations between individual species and isolates of fungi in the
following capacities.

A. Obtaining limiting soil nutrients:
inorganic forms of phosphorus, nitrogen, etc.
organic forms of nitrogen, etc.
trace elements
B. Amelioration of adverse soil conditions due to:
toxic concentrations of metal ions
extremes in pH
high conductivity (salinity)
nutrient imbalances such as high Mg:Ca ratios
C. Responses to severe climatic conditions:
limited or excessive water supply
temperature extremes
D. Compatibility with different hosts
E. Tolerance of adverse soil conditions:
disturbance, microbial competition. etc.
F. Survival and spread in soil by spores, mycelia, etc.
G. Capacity for inoculum production:
spore production
growth in sterile culture (ECM)
growth in pot cultures (VAM)
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Figure 1.1 Mycorrhizal associations involve three-way interactions between the
fungus, host plant and soil factors. Numbers in this figure refer to the mycorrhizal
research topics fisted below and correspond to chapters in this book.

A. A typical plant with VAM (clover) B. An ECM plant (pine) with
heterorhizic roots

B Primary root

B Isc order lateral
[ 2nd order lateral
['1 3rd order lateral

Short roots

O

Roots hairs ‘

C. Longitudinal section of a growing root tip

[] Apical meristem
M Root cap

[ |Epidermis

B Cortex

[ Endodermis

M Stele

Figure 1.2. Structural and developmental features of roots.

A. Components of a clover plant root system showing orders of lateral roots.

B. Cross-section of a growing root tip (much enlarged) with the development of major tissue types diagrammatically
represented by colour gradients.

Page 5



