


























MYCORRHIZAS FOR FORE.STRY AND AGRICULTURE. Chapter I Introduction 

Terminology: 
A. Hyphal components 
Septae - septae are cross-walls which divide fungal cells. In Basidiomycetes, these may be arranged as 
clamp connections - a semi-circular bridge between two cells used to regulate the transfer of nuclei 
during mycelial growth (Chapter 2). 
Melanin - fungal cell walls are often modified by the inclusion of brown, black, or coloured compounds, 
that apparently have a protective role. These are produced by the secondary metabolic pathways of fungi 
and are analogous to the phenolic compounds produced by plant cells. 
B. Organised structures in soil 
Fruit bodies - called sporocarps, basidiocarps, ascocarps, mushrooms, truffles, etc., are relatively large 
reproductive structures formed by Basidiomycetes or Ascomycetes which produce sexual basidiospores or 
ascospores respectively. These develop from primordia produced by the mycelial system and are often 
associated with strands or rhizomorphs. Fruit bodies are used to identify fungi (Chapter 2) and provide a 
source of inoculum (Chapter 6). 
Sclerotia - storage structures produced in soil by some fungi, comprised of compact fungal tissue, which 
is often highly melanized. 
Other spores - small asexual spores (conidia) which function as propagules, may be produced by some 
mycorrhizal fungi. 
Mycelial strands and rhizomorphs - strands of interwoven hyphae. Rhizomorphs are made of compact, 
specialised hyphae. These are considered to function as transport conduits and to spread the association. 
Extraradical hyphae - individual hyphae extending outwards from the fungal mantle or strands into the 
soil. These initiate mycorrhizal associations, acquire soil nutrients, etc. 

Figure 1.6. Morphology of ectomycorrhizal (ECM) associations. 

A,B. Whole roots viewed with a dissecting microscope. 

C-H. Hand sections of (teld-collected root material, cleared and stained with 
Chlorazol black E and viewed with interference contrast microscopy (Chapter 4). 
Abbreviations: C = cortex cell, E = epidermal cell, M = mantle, En = endoderm is. 

A. Eucalyptus roots with ECM (arrows) after growth in chambers containing forest 
soil. 

B. ECM short root (S) of Eucalyptus globulus with a Cenococcum-like mycorrhiza 
with radiating external hyphae (arrows). 

C, D. Pinus strobus ECM short root with thick mantle and Hartig net hyphae 
(arrows) around cortex cells. 

E. Cross-section of a Picea glauca ECM with labyrinthine Hartig net hyphae (arrows) 

F. Longitudinal section of Abies balsamea root showing Hartig net (arrows) . 

G. Populus tremuloides ECM root cross-section showing labyrinthine Hartig net 
hyphae (arrows) around elongated epidermal cells. 

H. Longitudinal section of Betu la papyrifera ECM roots showing Hartig net hyphae 
(arrows) and radially elongated epidermal cells. 
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MYCORRHIZAS FOR FORESTRY AND AGRICULTURE 

1.4. VESICULAR-ARBUSCULAR 
MYCORRHIZAL ASSOCIATIONS 
PRODUCED BY GLOMALEAN FUNGI 

Glomalean fu ngi form vesicular-arbuscu lar mycorrhizal 
associations (abbreviated as VAM in this book) within roots 
(Chapter 3). These associations are also known as arbuscular 
mycorrhizas , VA mycorrhizas, endomycorrh izas, or endotrophic 
mycorrh izas. There is some disagreement about whether 
arbuscular mycorrhizas or vesicular-arbuscular mycorrhizas is t he 
most app ropriate name for these associations, because some 
fungi do not produce vesicles and arbuscules are not always 
present in myco rrhizal roots, and the role of arbuscules in 
nutrient exchange has not been unequivocally demonstrated 
(Smith 1995, Walker 1995). VAM associations consist of soi l 
hyphae, spores and auxiliary bodies produced in the soil, as well 
as hyphae, arbuscules and vesicles in roots (Figs 1.7- 1.10). These 
structu res can be used to identify fungi, quantify them and 
propagate t hese associations using methods described in 
Chapters 3 and 4 (Fig. 1.9). 

A. Development 
The stages in root colonisation by VAM fungi are listed in Table 
1.6 and shown in Figure 1.7. Stages in th is process are outlined 
below and illustrated in Figure 1.9. 

I. Associations start when soil hyphae respond to the presence 
of a root by growing towards it, establishing contact and 
growing along its surface. 

2. Root penetrat ion occurs when one or more hyphae form 
appressoria between adjacent epidermal cells and penetrate 
these ce ll s. 

3. One or more hyphae manage to penetrate the hypodermis 
(th rough passage cells if present in an exodermis) and branch 
in the outer cortex. 

4. Aseptate hyphae spread along the cortex in both directions 
from the entry point to form a colony (infection unit). 
A relatively rapid parallel spread of intercellu lar hyphae may 
occur along air channels, or intracellular hyphae may follow a 
convoluted path through cortex cell s. 

5. Arbuscules grow (see terminology below) within cortex cells 
from subapical branches on internal hyphae. Arbuscule 
formation follows hyphal growth, progress ing outwards from 
the entry point. 

6. Vesicles develop to accumulate storage products in many 
Glomalean associations. Vesicles are initiated soon after the 
first arbuscu les, but continue to develop w hen the arbuscules 
senesce. 

7. In later stages, arbuscules collapse (progressively, starting with 
the finest branch hyphae). Hyphae in the root cortex develop 
cross-walls in old associations. 


