










MYCORRHIZAS FOR FORESTRY AND AGRICULTURE 

E. Agaricales 
Mushrooms and toadstools are perhaps the most commonly 
observed type of fruit body in many forests including eucalypt 
forests, and are dealt with in some detail below. The classification 
of mushroom-like fungi (i .e. those with a cap and a stalk), has 
received different treatments by various authors (e.g. Julich 1981 , 
Klihner 1980, Singer 1986). Families recognised by one author 
may be elevated to order level by another. For example, some 
authors elevate the family Boletaceae to an order level 
(Boletales), and similarly Russulaceae to Russulales (e.g. Klihner 
1980, Watling 1982). The reader is referred to comprehensive 
books on mushroom-like fungi by Klihner (1980) and Singer 
(1986) for details of classifications. See also out line below with 
three types of schemes. 

Three types of classification schemes for mushroom-like fungi (families with at least some 
mycorrhizal species are shown in bold) 

Kuhner (1980)/Watling (1982) Singer (1986) Hawksworth et al. (1 995) 
Agaricales 

Agaricaceae 
Bolbitiaceae 
Coprinaceae 
Cortinariaceae 
Lepiotaceae 
Strophariaceae 

Russulales 
Russulaceae 

Pluteales 
Pluteaceae 
Entolomataceae 

Tricholomatales 
Hygrophoraceae 
Pleurotaceae 
Tricholomataceae 

Amanitales 
Amanitaceae 

Boletales 
Boletaceae 
Strobilomycetaceae 
Gomphidiaceae 
Paxillaceae 
Coniophoraceae 

Page 116 

Agaricales 
Agaricaceae 
Bolbitiaceae 
Coprinaceae 
Cortinariaceae 
Lepiotaceae 
Strophariaceae 
Russulaceae 
Pluteaceae 
Entolomataceae 
Hygrophoraceae 
Tricholomataceae 
Amanitaceae 
Boletaceae 
Gom phidiaceae 
Paxillaceae 
Crepidotaceae 
Bondarzewiaceae 

Agaricales 
IS families e.g. 
Agaricaceae 
Amanitaceae 
Bolbitiaceae 
Coprinaceae 
Entolo mataceae 
Hygrophoraceae 
Pluteaceae 
Strophariaceae 
Tricholomataceae 

Boletales 
I I families e.g. 
Boletaceae 
Gomphidiaceae 
Paxillaceae 

Cortinariales 
4 families e.g. 
Cortinariaceae 
Crepidotaceae 

Russulales 
Elasmomycetaceae 
Russulaceae 

Although many of the Agaricales are ectomycorrhizal fu ngi, 
the order al so includes many saprophytes and parasites (famil ies 
listed above that are not in bold). Saprophyt ic and parasitic 
Agaricales are also included he re to aid the disti nct ion of these 
fungi fro m mycorrh izal taxa. Mushroom-like fungi with gills under 
the cap (many fa milies) are separated from those with a sponge­
like su rface unde r the cap (the fami ly Boletaceae) . For further 
details of the various fami lies outlined below, numerous books 
may be co nsu lted. These incl ude a book by Largent and Baroni 
( 1988) which give outlines of the genera and various keys and 
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charts based on different character types, e.g. emphasising 

stature, spore colour, macroscopic features and growth substrate. 

There are very few books on Australian fungi. They include 

Cleland (1934), Young (1982), Fuhrer (1985), Fuhrer & Robinson 

(1992), and Bougher & Syme (1996). 

Here we group all the mushroom-like fungi within the order 

Agaricales according to a system based on that of Singer (1986). 
An artificial grouping of the Agaricales families is presented to 

permit identification without the need to address classification 

schemes that are in a state of flux. The 15 or so well-established 

Agaricales families were originally classified largely on the basis of 

spore colour by Fries in the nineteenth century. This character is 

the easiest way of recognising families, although it must be 

remembered that there are exceptions to spore colour rules, e.g. 

although most pink-spored fungi are in the families Pluteaceae 

and Entolomataceae, some members of other families have pink 

spores such as some Tricholomataceae and some Amanitaceae. 

Spore colour is determined by making a spore print (as described 

in Section 2.2). Note that the colour of the gills cannot be reliably 

used as an indicator of spore print colour as they are not always 

the same. 

F. Mushrooms with gills 
The four following charts (Tables 2.10-2.13) are based on spore 

print colours - white, brown, black or pink. They display some 

of the main differences between families of mushroom-like fungi. 

Numbers of genera given for each family are approximate only in 

most cases, and only selected genera are listed (e.g. truffle-like 

genera are not listed). Photographs of fruit bodies for the main 

genera are presented in Figures 2.24-2.30. 

Chapter 2 Working with 
Ectomycorrhizal Fungi 

Table 2.10. Some families of mushroom-like fungi with predominantly white spore prints. Mycorrhizal 
white-spared families are indicated in bold. For more information about fungi with white spore prints see 
Tables 2. 16-2. 17 for details of genera and Figures 2.24-2.27 for photographs of fruit bodies. 

Family and selected genera Gill attachment Volva Ring Spores Other features 

Amanitaceae free often often smooth. divergent 
2 genera: present present amylOid or gill 
Amanita non-amyloid trama 
Limacella 

Hygrophoraceae attached - absent absent smooth. long 
About 10 genera: adnexed mostly basidia 
Hygrophorus. Hygrocybe, to decurrent non-amyloid 
Camarophyllus 

Lepiotaceae free absent present smooth. parallel or 
About 8 genera: often interwoven 
Lepiota, Chlorophyllum, Leucocoprinus dextrinoid gill trama 

Russulaceae attached absent absent ornamented. composed 
2 epigeous genera: amyloid of cells 
Russula, Lactarius and filaments 

Tricholomataceae attached absent present or smooth or 
Over 7S genera: absent ornamented. 
Armillaria, Tricholoma, Laccaria, amyloid or 
Leucopaxillus, Clitocybe non-amyloid 
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Figure 2.24. Photographs of mushroom-like Agaricales I: Amanitaceae. 
A. Amanita sp. er hemibapha. * B. Amanita sp. * C. Amanita sp. * (vaginatae group), note the thick fleshy saccate volva 
at the base of the stem. D. Amanita muscaria. * E. Amanita brunneibulbosa. * F. Limacella er illinata ** 
(* = mycorrhizal, ** = not mycorrhizal). 
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Chapter 2 Working with 
Ectomycorrhizal Fungi 

Table 2.1 I. Some differences between families of mushroom-like fungi with predominantly brown spore 
prints. Mycorrhizal brown-spored families are indicated in bold. For more information about fungi with brown 
spore prints see Tables 2. 18-2. 19 for details of genera and Figures 2.27-2.30 for photographs of fruit bodies. 

Family and Gill 
selected genera 

Agaricaceae 
2 genera: 
Agaricus. Melanophyllum 

Bolbitiaceae 
About 5 genera: 
Agrocybe. Bolbitius, Conocybe 

Cortinariaceae 
About 20 genera: 
Cortinarius, Descolea. Hebeloma, Inocybe 

Paxillaceae 
3 or 4 genera: 
Paxillus, Phylloporus 

$trophariaceae 
About 10 genera: 
Hypholoma. Pholiota, Psilocybe. Stropharia 

attachment 

free 

usually 
free 

usually 
attached 

decurrent 

attached 

Ring 

present 

present 
or absent 

present 
or absent. 
cortina often 
present 

usually 
absent 

often 
present 

Cap cuticle Spores Spore print 

filamentous smooth. chocolate-
with brown 
apical pore 

cellular usually rust to 
smooth. with cinnamon-
apical pore brown 

usually smooth or rust to 
filamentous rough. usually cinnamon-

without brown 
apical pore 

filamentous smooth. rust to 
without clay-brown 
apical pore 

filamentous usually purplish-
smooth. with brown 
apical pore 

Table 2.12. Some differences between families of mushroom-like fungi with predominantly black spore 
prints. Mycorrhizal black-spored families are indicated in bold. For more information about fungi with black 
spore prints see Table 2.20 for details of genera and Figure 2.30 for photographs of fruit bodies. 

Family and selected genera Gill attachment Gills Cap cuticle Spores 

Coprinaceae attached thin. cellular not 
About 7 genera: deliquescent subfusiform. 
Coprinus. Panaeolus. Psathyrella. Lacrimaria with 

apical pore 

Gomphidiaceae decurrent thick. not filamentous subfusiform. 
3 genera: deliquescent without 
Chroogomphus, Cystogomphus, Gomphidius apical pore 

Table 2.13. Some differences between families of mushroom-like fungi with predominantly pink spore prints. 
For more information about fungi with pink spore prints see Figure 2.30 for photographs of fruit bodies. 

Family and selected genera Gill attachment Volva Spores Habit 

Entolomataceae attached absent angular on ground 
About 10 genera: or striate 
Clitopilus. Entoloma, Leptonia. 
Nolanea. Rhodocybe 

Pluteaceae free present or smooth and often on 
About 3 genera: absent not angular wood 
Chamaeota. Pluteus, Volvariella 
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G. Fungi with predominantly white spore 
prints 

Amanitaceae 
Members of this family are recognised by the often large fruit 

bodies with free white gills. a universal veil enclosing young 

specimens and often (but not always) remaining as a volva (cup at 

the base of the stem) and annulus (ring on the stem). The spore 

print is usually white and the spores are smooth. 

Table 2.14. Genera of the Amanitaceae. Amanita species are obligately mycorrhizal. while species of 
Limacella may be ectomycorrhizal or saprophytic. See Figure 2.24 for photographs of fruit bodies. 

Genera 

Amanita 

Limacella 

Valva 

present as a loose 
cup, rim, collar, 
concentric scales, 
or powdery zone 

usually absent, 
slimy if present 

Annulus 

present as a 
membranous ring, 
or absent 
(sect. Vaginatae) 

distinct annulus 
absent 

Pileus 

often warty, 
not usually 
viscid 

not warty, 
usually viscid 
or glutinous 

Spores of the Amanitaceae 

Stipe 

usually not 
viscid 

usually viscid 
or glutinous 

Habit 

on ground 

on ground 

Spore print - white, cream, rarely grey, yellowish, greenish or 
pinkish. 

Under microscope - hyaline. thin-walled, smooth-walled, non­
amyloid (Amanita subgenus Amanita) or amyloid (Amanita 
subgenus Lepidella). mostly subglobose to ellipsoid. 

Hygrophoraceae 
Members of this family are recognised by the often bright 

coloured. small to medium-sized fruit bodies with thick, waxy 

lamellae. The spore print is usually white and the spores are 

smooth. The basidia are typically very long - over 5 times as long 

as the spores. Three genera are described in Table 2.15, but there 

are numerous other genera now recognised by some but not all 

authors in the Hygrophoraceae (e.g. Aeruginospora, Bertrandia, 
G/iophorus, Humidicutis. Neohygrocybe). See Singer (1986) and 

Horak ( 1990) for keys and descriptions of Hygrophoraceae 

genera. 

Table 2.15. Some main genera of the Hygrophoraceae. Hygrophorus includes some mycorrhizal fungi, but 
most members of other genera are saprophytes. See Figure 2.25 for photographs of fruit bodies. 

Genera Colour of Gill tram a Veil Gills Habit 
fruit bodies 

Hygrophorus usually dull-white, bilateral (ie. present adnate to on ground 
grey, brown divergent from or absent decurrent 

a central strand) 

Hygrocybe usually bright - regular, parallel absent free to adnexed on ground 
orange, red, yellow to decurrent 

Camarophyllus usually dull- irregular, absent usually on ground 
white, grey, interwoven decurrent 
brown 
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Spores of the Hygrophoraceae 
Spore print - white. rarely tinged grey. magenta or violet. 
Under microscope - hyaline. thin-walled. smooth-walled. non­
amyloid. mostly ovoid-ellipsoid. 

Russu/aceae 
Members of this family are recognised by t he usual absence of a 
veil (some tropical species have an annulus). brittle fl esh. and 
bright colours. Russulaceae is distinguished from other fa milies of 
mushroom-like fungi with gills by the presence of cell s (swo ll en 
hyphae called sphaerocysts) and fi laments which constitute t he 
fruit bodies and can be o bserved under t he microscope in t he gill 
trama and o ther parts. Al l other families lack sphaerocysts. T he 
spore print is usually white and t he spores have amyloid 
ornaments. The Russulaceae usually lack clamp connections in the 
hyphae of the fruit bod ies. 

Chapter 2 Working with 
E.ctomycorrhizal Fungi 

Table 2.16. Main genera of t he Russulaceae. These genera are mostly obligately ectomycorrhizal. See Figure 
2.26 fo r photographs of fruit bodies. 

Genera 

Lactarius 

Russula 

Latex 

present as clear. white. or co loured 
exudations from damaged gi ll s or fl esh 

absent 

Spores of the Russulaceae 

Gill trama 

sphaerocysts 
absent or rare 

sphaerocysts abundant 

Spore print - usually white. cream. o r ye llowish. less often with a 
brown t inge o r ochraceous. 
Under microscope - hyaline . but with amylo id ornamentation 
(blue in Melzer's reagent) such as warts. spines o r a network of 
ridges thin-walled. mostly subglobose to ellipso id. 

Trich%mataceae 
This is the largest family of mushroom-like fungi and the members 
are extremely diverse. The family is best determined by exclusion 
rather than by a succinct set of unique characters. e.g. fungi 
without long basidia. and without sphaerocysts. The spore print is 
usually white (sometimes cream. grey. pinkish. or ye ll owish) and 
the spores vary from smooth to ornamented. and may be amyloid 
o r non-amyloid. The family includes many non-mycorrhizal genera 
such as wood decay fungi. but there are some ectomycorrhizal 
genera. Four of the main genera are outl ined below. 

Habit 

on ground 

on ground 
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4916 
cm 

Figure 2.25. (above) Photographs of mushroom-like Agaricales 2: Hygrophoraceae - A. Hygrocybe sp. **? 
B. Hygrophorus lewelliana **? C. Bertrandia astatogala **? D. Hygrocybe graminicolor **? 
Lepiotaceae - E. Lepiota rachodes **. F. Leucocoprinus sp. ** (* = mycorrhizal, ** = not mycorrhizal). 

Figure 2.26. (Right) Photographs of mushroom-like Agaricales 3: RU55ulaceae - A. Russula rosacea (not Australian) * 
B. Russula sp. * C. Russula sp. * D. Russula cr albonigra * (note the blackening colouration). E. Russula sp. * 
F. Lactarius eucalypti * (note the white latex on the small cap near the bottom of the picture). G. Lactarius sp. * 
H. Lactarius sp. (not Australian) "' (note this species has been gathered for food in Yunnan Province, China) (* = mycorrhizal). 
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Table 2.17. Some main ectomycorrhizal genera of the Tricholomataceae. This table includes only four 
selected ectomycorrhizal genera. Most of the other Tricholomataceae genera are probably non-mycorrhiza l. 
See Figure 2.27 for photographs of fruit bodies. 

Genera 

Cotothelosmo 

Loccorio 

Leucopoxillus 

Tricholomo 
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Fruit bodies 

large. robust 

small.robust 
or fragile 

large. robust 

medium to large. 
robust 

Colour of 
fruit bodies 

white 

pink. li lac. 
or purp lish 

mostly white 

mostly whi te. 
less often 
coloured 

Annulus 

double an nu lus 

absent 

absent 

present or 
absent 

Gill attachment 

adnate to 
decurrent. 
not waxy 

adnate to 
decurrent. thick. 
waxy 

adnate to 
decurrent. not 
waxy 

sin uate or 
adnexed, 
not waxy 

Spores o f the Tricholomataceae 

Spores 

smooth , elongate. 
amyloid 

echinulate or 
roughened. globose 
to ell ipsoid. 
non-amyloid 

warty or smooth. 
subglobose to 
ellipsoid. amyloid 

smooth. subglobose 
to ell ipsoid, 
non-amyloid 

Spore print - usually white. o therwise cream. grey. pinkish. or 
ye llowish. 

Under microscope - hyaline. smooth-walled or ornamented. 
amyloid or non-amyloid. all shapes. 

H. Fungi wit h predominantly brown spore 
prints 

Cortinariaceae 
The fami ly is cha racterised by smooth or ornamented brown 

spores. lacki ng a ge rm pore. The ge nus Cortinarius is one of t he 

largest genera of ECM fungi and is extremely diverse in A ustra lia. 

Cortinarius is lo osely characte rised by having a rapidly disappeari ng 

cobweb-li ke par tial vei l called a corti na. 

Figure 2.27. Photographs of mushroom-like Agaricales 4: 
Tricholomataceae. A. Tricholoma coactatum *. B. Laccaria 
canaliculata *. C . Laccaria sp. * D. Lepista nuda **. E. Leucopaxillus 
amarus (not Australian) *. F. Termitomyces microcarpus (not 
Australian) ~'*. Agaricaceae - G. Agaricus placomyces **. 
Bolbitiace ae - H. Bolbitius vitell inus ** (* = mycorrhizal. 
** = not mycorrhizal). 
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