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5.1 Introduction

The phyla Ascomycota and Basidiomycota have regular septa in their hyphae and
form a dikaryophase (hyphae containing two genetically distinct haploid nuclei) in
their life cycle. They also have a number of other features in common including
chitinous cell walls, pores in their septa and complex, often macroscopic, sexual
fruiting bodies. Most mycologists believe that members of the two phyla evolved
from a common ancestor. There are however a number of differences between the
two groups and these, together with their similarities, will be discussed in this
chapter.

5.2 Ascomycota

This phylum contains over 32,OOO species making it the largest fungal phylum.
Some taxa such as the yeasts are unicellular or pseudomycelial (Fig.3.2). The
majority of species however, have a well-developed septate mycelium and occur
as saprophytes, parasites (particularly of plants), symbionts (e.g. mycorrhizal
species) or lichenised fungi. About 42o/o of the Ascomycota are lichenised.

The character that distinguishes the Ascomycota from all other groups of fungi
is the formation of an ascus (pl. asci) which is a sac-like structure that typically
contains eight ascospores, although this number varies in some species. The
shape, the arrangement of ascospores within asci and the method of dehiscence
varies among species (Fig. 5.1). A second character that appears to be diagnostic
is the presence of hyphal walls that are basically two-layered. Electron
microscopy shows that the walls have a thin electron-dense outer layer and a
thicker electron-transparent inner layer. This contrasts with the Basidiomycota
which have multi-layered walls. A third characteristic of the Ascomycota is the
presence of septa that have simple, central pores with a spherical Woronln body
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on each side of the pore (Fig. 3.1). Woronin bodies can plug the pore if hyphae
become damaged.

Asci are usually borne in a well-developed fruiting structure called an ascoma
(pl. ascomata) and are often, but not always, arranged in a distinct layer within
the ascoma called the hymenium.

Characteristics of asci and ascomata

The ascus wall structure and methods of dehiscence of asci together with
features of the ascospores including their shape, size, colour and septation are
used widely as criteria in the classilication and identification of Ascomycota. TWo
main types of ascus wall structure are recognised, unitunicate and bitunicate.
o unitunicate asci have a single cell wall and may be operculate or inoperculate.

An operculum is a lid or cover which opens to release ascospores. Inoperculate
asci are dehiscent through a pore or slit or indehiscent when the ascospores
are liberated as a result of ascus breakdown (Fig. 5.1).

. bitunicate asci have a relatively thick and rigid outer wall which splits near
the apex to permit the flexible inner wall to extrude through the opening. The
apex of the inner wall is characteristically thick and contains a. pore for the
rapid discharge of ascospores which are usually pigmented and multicellular
(Fig. 5.IH).

Fig;ure 5.1 Variations in the shape of asci, arrangement of ascospores within asci and
method of dehiscence by asci in the Ascomycota. (A) and (B) Apical and
sub-apical operculate asci. (C) and (D) Inoperculate asci which discharge
their ascospores through a slit or pore. Unitunicate ascus and ascospores
of (E) Pgronema sp. (F) Hgpomyces rosellus and (G) GaeumqnnomAces
graminis. (H) Bitunicate ascus and ascospores of Pleospora herbarum..
(From Parbery, 1980cr.)

Four types of ascoma are commonly recognised (Fig. b.2).
' A cleistothecium is a globose ascoma with no natural opening and therefore

tends to rupture when mature. The asci are usually not arranged at a corunon
level but are formed at various levels within the cleistothecium.

' A Perithecium is a subglobose or flask-shaped ascoma possessing a pore
(ostiole) through which ascospores are discharged. The enclosed asci are found
at a common level in the hymenium. In some species the ostiole elongates into
a beak (rostrum).

. An apothecium is an open, often saucer- or cup-shaped ascoma with an
exposed hymenium (when mature) containing asci and paraphyses. However,
radical modifications in both apothecial form and hymenial structure occur in
some taxa (e.g. the truffles and morels).

' An ascostroma is a fruit-body composed of pseudoparenchyma tissue in
which asci develop in cavities called ascolocules. The ascostroma mav be
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simple and contain one locule in a structure resembling a perithecium which is
called a pseudothecium (e.9. MgcosplraereLLa) or it may be more complex
consisting of several locules (e.9. Myriangium and Elsinoe). All ascostromatic
fungi have bitunicate asci.
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(Ventutia inaequalis)

Figure 5.2 Types of ascomata formed by Ascomycota. (From Parbery, l9BOa.)

Sterile structures may form between asci or project into the locule or ostiole of
the ascomata. These structures are collectively known as the hamathecium. Six
types of hamathecium are recognised and are used to separate different orders of
Ascomycota. (Diagrams from Hawksworth et al. f995.)

I. Interascal pseudoparenchyma where the asci
develop within parenchymatous tissue which may
stay the same or become compressed as the asci
develop, e.g. Weftsteinina-

2. Paraphyses are vegetative hyphae that originate
from the base of the ascoma and grow up between
the asci. Paraphyses are often unbranched and
unfused (not anastomosed), e.g. Xglaria spp.
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3. Pseudoparaphyses are hyphae found in some
bitunicate Ascomycota that originate from above the
asci and grow down between the developing asci and
become attached to the base of the ascal cavity.
They often become free from the upper part.
Pseudoparaphyses are often regularly septate, show
regular anastomosis and are often broader than
paraphyses, e.g. Pleospora spp.

4. Paraphysoids resemble pseudoparaphyses but
usually have fewer septa and are narrower;
anastomosis common, e.g. Patellaria spp.

5. Perlphysoids are short hyphae similar to
pseudoparaphyses but which do not reach the base
of the ascal cavity, e.g. Nectna spp.

6. Periphyses are hyphae that form a -fringe on the
inside of the ostiole or pore of ascomata and grow
towards the opening. They are septate, unbranched
and do not anastomose, e.g. Gibberella spp.

7. Hamathecial tissue absent (not figured), e.g.
Dothidea spp.
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The traditional system of classi$ring the Ascomycota is based on the tytrle of
ascoma, the structure of the ascus wall, the method of ascus dehiscence and the
method of development of the centrum (the structures within the ascoma such as
the asci and inter-ascal tissue). This system, which is now recognised as being
artificial because it does not indicate natural phylogenetic relationships, is
outlined inTable 5.1.

Table 5.1 Key to the classes of Ascomycota.

A" Asci unitunicate or if bitunicate then in the exposed h5rmenium of an apothecium.
B. Asci naked, formed as discrete free cells or in a hymenium of indefinite extent

but not bounded bv a stroma or bv ascoma tissue: asci indehiscent.
Class Hemiascomycetes

B.* Asci formed in ascomata
C. Asci scattered at various levels within a cleistothecium or a beaked

perittrecium; asci indehiscent.
Class Plectomycetes

C.* Asci formed at a common level in a hymenial layer or in a fascicle (a
group) at the base of the ascoma.
D. Ascoma usually a perithecium, less often a cleistothecium with

basal fasciculate asci or an ascostroma with unitunicate asci: asci
inoperculate, with an apical pore or slit.

Class P5zrenomycetes
D.* Ascoma an apothecium; asci operculate, inoperculate or

indehiscent.
Class Discomycetes

Ar' Asci bitunicate and formed in an ascostroma but not in an apothecium.
Class Loculoascomycetes
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Sexual reproduction in the Ascomycota

Most ascomycota have two distinct reproductive phases (i) the ascus or sexual
stage {the perfect state) which is called the teleomorph and (ii) the conidial or
asexual stage (the imperfect state)which is called ttre anamo{Ph.

Sexual reproduction occurs when the nuclei from two compatible mating types
come into contact to initiate a restricted dikaryophase (cf. Basidiomycota which
have an extended dikaryophase). Fertilisation can be achieved by several
processes (Fig. 5.3) including:
r Planogametic conJugation where plasmogamy (cytoplasmic fusion) involves

one or more motile gametes.
. Gametangial contact where morphologically dissimilar gametangia (female

ascogonia and male antheridia) fuse and tle male nucleus passes into the
ascogonium through a pore. Sometimes the ascogonium has a hair-like
trichogyne which receives the male nucleus.

PLANOGAMETlC
CONJUGATION

f-W
€

\

Anisogomous

GAMETANGIAL
CONTACT

GAMETANGIAL
CONJUGATION

{

SPERMATIZATION

SOMATOGAMY

Figure 5.3 Tlrpes of plasmogamy in fungi. See text for detail. (From Talbot, 1971.)
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. Gametangial conjugation where plasmogamy (cytoplasmic fusion) is
immediately followed by nuclear fusion. No dikaryon is formed. This process
occurs in the yeasts.

. Spermatization occurs in species that do not form antheridia. The male
nucleus can reach the ascogonium by fusion of spermatia (non-motile 'sex'

cells) with trichogmes, ascogonia or receptive hyphae.
o Somatogamy where compatible hyphae fuse to form a dikaryotic cell.

Fertilisation is followed by a restricted dikaryophase (Fig. 5.4). The ascogonia
(the female gametangia that receive nuclei from the male donor) of most
Ascomycota form ascogenous hyphae (specialised hyphae that produce one or
more asci). The male and female nuclei within the ascogonium and ascogenous
hyphae divide synchronously. The tip of the ascogenous hypha often curls to
produce a hook-like structure called a crozier. The two genetically different
nuclei in the crozier simultaneously divide to produce four nuclei. Two septa are
then laid down. The two nuclei in the penultimate (last but one) cell then fuse to
form a diploid nucleus and tJ'is cell becomes the young ascus initial. The ascus
initial is the only diploid stage in the life cycle. The diploid nucleus then
undergoes meiosis to form four haploid nuclei. A single mitotic division usually
follows to form eight nuclei. Each nucleus then becomes surrounded by
cytoplasm and a cell wall is laid down. Thus a mature ascus contains eight
ascospores. Because several ascogenous hyphae are often formed within a single
ascogonium several asci are usually formed in an ascoma.

Ascogoniun Trichogyne

Anthenidiun

{ urozler

Figure 5.4 Sexual reproduction and ascus development in the Ascomycota
(diagrammatic). {From Parbery, l98oa.)

Classification of the Ascomycota
The traditional system of classifying the Ascomycota into the classes
Hemiascomycetes, Plectomycetes, $rrenomycetes, Discomycetes, Laboulbenio-
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mycetes and Loculoascomycetes is based on characteristics of the ascoma in
which asci are produced. The form of the ascoma reflects the ability of a fungus
to protect and disperse its ascospores. Apothecia readily eject their spores for
efficient airborne dispersal but do not effectively protect the asci and ascospores
from unfavourable elements. Perithecia provide more protection to the spores but
cannot as effectively liberate large numbers of spores for efficient airborne
dispersal. Cleistothecia protect their spores best but cannot liberate their spores
efftciently without outside help (e.g. animals and microbial degeneration).

Any classification based on functional characters such as the strategy used to
produce and release spores (e.g. ascoma morphology) is bound to be artificial.
Many totally unrelated fungi will have adopted a similar strategr to protect and
liberate their spores, particularly when there is a limited number of options to
choose from. Convergent evolution is probable, if not inevitable, in such
situations. Characters of functional value, such as those aiding survival and
dispersal, develop readily and may appear repeatedly in different groups. Thus,
morphologically similar species may be completely unrelated in a phylogenetic
sense.

It is apparent that the traditional system of classiffing Ascomycota, although
useful in identification, is artificial and does not always indicate phylogenetic
relationships among taxa. Each taxonomic category consists of a mixture of
closely related and unrelated species.

Modern systems of classification use a range of characters including ascus
structure (there are many more ascus types than unitunicate and bitunicate),
methods of ascus dehiscence, ascoma anatomy, internal development of the
ascoma, life-cycle patterns, conidial ontogeny (the method of conidial
development), cell wall chemistry and more recently, molecular and biochemical
methods. Multiple character classification systems are replacing the earlier
systems based on just a few characters.

Ascomycota classification has been made even more confusing by the fact that
before the late l97Os lichenised fungi (almost half of the Ascomycota) were
treated separately to all other groups of fungi and were rarely studied by
mycologists. It is now recognised that lichens are a nutritional rather than a
taxonomic group of fungi. It will take a great deal of time and effort to study them
and integrate them into Ascomycota classification.

Hawksworth et al (1995) and Walker (1996) accepted no taxonomic categories
above the rank of order in Ascomycota classification because they believed that
insufficient taxonomic studies had been made to devise a classification system in
which they had confidence. Hawksworth et al (1995) recognised 46 orders of
which 13 contained lichenised forms. Kendrick (1992) provided a dichotomous
key to 17 of. these orders. This key is reproduced, with some additions, in Table
5.2.

Table 5.2 Dichotomous key to 17 orders of Ascomycota. (Based on Kendrick, 1992).

Order Examples

I No ascoma produced

I Ascoma produced

2 Hyphae often absent asci free
or produced on individual
hyphae

2

3

[Yeasts)
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Table 5.2 (Continued)
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Examples

2 Hyphae always present; asci Taphrinales Taptvinadeformans (peach leaf
borne in a layer on the surface curl fungus)
of the host plant

3 Thallus containing algal or (Lichens)
cyanobacterial cells

3 Thallus without algae 4

4 Ascus wall thick, with two Dothideales Guignordia citricarpa (citrus
functionally different layers black spot), Microcgctrts ulei
(bitunicate) (rubber leaf spot), Venhtrin

inaequalis (apple scab),
Mg m s pttaer eLLa mtsicola
(Sigatoka leaf spot of banana),

::H fti:tfj 
and dark mldews'

4 Ascus wall thin, functionally 5
single-layered, lysing at or
before maturity in some orders

5 Ascus wall lysing before spore 6
maturity; ascospores not forcibly
discharged (Protunicateae)

5 Ascus wall persists; ascospores 10
forcibly discharged except in
hypogeous (subterranean) forms
(Unitunicateae)

6 Assimilative hyphae absent; Laboulbeniales Attached to exoskeletons of
ascomata on the exterior of insects
insects, appearing as spine-like
outgrowths

6 Assimilative hyphae well- 7
developed

7 Hyphae always superficial and Erysiphalesr Powdery mildews: Blumerta
hyaline; ascomata with highly (Erysipte) graminis (cereals and
characteristic appendages; obligate grasses), Podosphaera
plant parasites letrcotricha (apple), Sphaerotheca

pa,nnoso- (rose), Uncinula necator
(graPe)

7 Hyphae mostly immersed in 8
substrate; parasites, saprobes or
mutualistic symbionts

8 Ascoma usually ostiolate; ascus Ophiostomatales Ophiastoma ulmi (Dutch elm
wall lysing early and spores disease), Ceratocgstis
oozing out in a gelatinous Jagctcearurn (oak wilt)
matrix

B Ascoma cleistothecial.
occasionally ostiolate; asci
spherical, randomly arranged in
the ascoma
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Order Examples

9 Peridium complete; ascus wall
lysing just before maturity

Eurotlales Aspergiltus & Penictllium
anamorphs, P enictllium digitahtm
(green mould of citrus), P.
expansum hlue mould of apple),
Aspergitlus niger (black mould of
fruits and vegetables)

Some parasites of humans and
other animals (dermatophytes
such as the ringworm fungus)

Onygenales (syn.
G5rmnoascales)

9 Peridium often loosely woven, with
characteristic hyphal appendages

lO Asci opening by an operculum
(operculate), or with a thin
apical wall

10 Asci opening by an apical pore
or canal, often with an apical
ring

l1 Ascomata apothecial or
hypogeous; asci in a hymenial
layer

l1 Ascomata hypogeous; asci
randomly arranged

12 Mature ascomata have an
exposed hymenium

12 Mature ascomata perithecial

13 Asci with apical ring blueing in
iodine (amyloid) or not (non-
amyloid); apothecia widely open
at maturity, often light coloured

13 Asci with non-amyloid ring;
apothecia opening in irregular
cracks or slits; often dark
coloured

14 Asci with apical ring amyloid
(llueing in iodine)

14 Asci with non-amyloid ring, or
ring absent

l5 Ascomata compound, perithecia
radially arranged within a black
stroma; ascospores sausage-
shaped (allantoid)

15 Ascomata single, or compound in
a stroma; ascospores not
sausage-shaped

l6 Ascomata single

16 Ascomata grouped in a stroma
or on a subiculum (a wool- or
crust-like growth of mycelium
under fruit bodies)

1 l

L2

Pezlzales

Elaphomycetales

13

T4

Leotiales (syn.
Helotiales)

Rtrytismatales

16

Diatrypales

Xylartales (syn.
Sphaerlales )

Sordariales

Many saprophytic macrofungi,
AscoboLus, Ggromitra
(poisonous), Morchelta, Peziza,
Tuber (truffles)

Elaphomg ce s (deer truffles)

Monilinin Jnrchcola (peach brown
rot), Sclerotinta scterotiorum (rots
in many hosts), Botrgottnia
(Bo@tts) cinerea (g3ey mould of
many hosts)

I-ophadermium pinas ft (pine
needle cast), Rhgti.sma acerinum
(tar spot of sycamore)

In need of modern taxonomic
revision

Hg p oxylan n"Lo,mfi LoLhtm (po plar
canker), Xglrtrir-spp.

Many saprophyte s, Chsetomium,
Neurospora, Sordarta

15

L7
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Table 5.2 (Continued)
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Order Examples

17 Stroma often stalked; asci long,
nzurow, lacking apical ring; ascal
apex thick, pierced by a pore;
ascospores thread-like, often
fragmenting at maturity; alt
parasitic

17 Stroma never stalked: asci and
ascospores not as above

18 Ascomata compound,
perittrecia immersed, beaked,
usually dark coloured; asci
with apical ring but lysing

18 Perithecia not beaked. often
brightly coloured, embedded in
a stroma, or superficial on a
subicular layer; asci not lysing

Hylrocreales
(syn.

Clavicipitales)

18

Diaporthales

Ctauiceps purpurea. (ergot of rye),
Cordgceps spp. (caterpillar
parasites) ; Epichto€, Acremonium
(NeotUphodium) (grass
endophyles that cause livestock
poisonin$

Cry phone ctrin p ar asitica
(chestnut blight),
G aeumantnomA ce s g r aminis
(wheat take-all)

Gibberetln zeae (crown rot of
wheat), Nectrin ha.ematococca
(damping-off)

H5pocreales

I The order Erysiphales is considered by Hawksworth et al. (1995) to have bitunicate asci.

Asexual reproduction in the Ascomycota
As mentioned previously, most Ascomycota have two reproductive stages, the
sexual (ascus) or teleomorphic and the asexual (conidia) or anamorphic states.
Some Ascomycota never or rarely produce asexual spores, only ascospores (e.g.
order Sordariales). Others regularly produce both the teleomorph and the
anamorph. Many species however, readily produce the anamorph (asexual
conidia) but rarely or never form the sexual ascospores. This last situation, which
is very common with plant pathogens, has led to a situation where many
ascomycetes have been named and classified on the basis of their anamorphic or
asexual state and placed in the artificial form-class Fungi Anamorphici or Fungi
Imperfecti. Many workers use the form-class name Deuteromycetes rather than
Fungi Anamorphici. When the teleomorph of such fungi is found, it is classified in
the Ascomycota under a different name. Thus, the fungus has two names, an
anamorphic and a teleomorphic name. It should be noted, however, that
anamorphic taxa (genera, orders, etc) are not taxa in the same sense as
teleomorphic taxa. Anamorphic taxa are based solely on morphological
similarities and may be very heterogenous with relationships in various orders of
Ascomycota and Basidiomycota.

This dual system of classification has many practical advantages. Many
Ascomycota and some Basidiomycota, including many plant pathogens, rarely or
only at certain times of the year produce sexual states on their host and rarely or
never produce them on artificial media. The same fungi however often readily
form their conidial state (the anamorph) on culture media. By having a
classification and nomenclature system based on conidial characters it is
possible to identi$r the fungus without having to wait for it to develop sexual
reproductive structures. The fungus can then be correlated with its teleomorphic
name (Table 5.3). Currently only about lO-l5o/o of the I5,OOO named species of
anamorphic fungi have been connected to their teleomorphs.

Some anamorphic genera have teleomorphs in more than one genus and some
teleomorphic genera have anamorphs in more than one genus. For example, the
anamorphic genus Firrsctrium has teleomorphs in the genera Nectria, Calonectria
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and Gibberellz while the teleomorphic genus MgcosphaereLLahas anamorphs that
are either hyphomycetes such as Cercospora, CLadosporiumand CercosporeLLaor
coelomycetes such as Pfwmq Ascochgta and Septon,a.

Despite the dual system of naming fungi, the preferred name that should be
used is the name based on the teleomorph because this state indicates the
phylogenetic position of the fungus in the overall system of fungal classification.
However, both the anamorphic and teleomorphic names are valid. The
classification system based on the asexual anamorphic state is very artificial and
does not indicate true relationships between species. Thus for example, when
referring to the fungus that causes crowrr rot of wheat, it is either referred to as
the Flrsarium graminearum anamorph of. Gibberella zeae or as the Fi-rsanum
anamorph of G. zeae. The term holomorph is used to describe the whole fungus
in all its anamorphic and teleomorphic states.

Table 5.3 Some examples of anamorphic and teleomorphic Ascomycota.

Anamorph
(Fungi Anamorphici)

Teleomorph
(Ascomycota)

F\sartumgraminearum
hFl:rsrrriumrigidittsculum
F\sartum solani
F\sarium episphaeria
Cglindr ocarp on r adicola
P s eudocerco spora mus ae
P s eudacer co sp or a aleuritis
Phoma caricae-papagae
Septoria trttici
Stagonosporanodorum

Gibberetla zeae
C alone ctrta rigidttts cula
Nectriahaematococca
Nectrin episphaerta
Nectria radicicota
Mg co s phner elta musicola
Mg co s phaer eLLa aleurttis
Mg co s ptuer ella caricae
Mg co s phaer ella gr aminicola
Phaeosphaeriandorum

Classification of anamorphic Ascomycota
A traditional system of classi$ring anamorphic fungi, which is based on the
morphological characteristics of the asexual reproductive structures, is still used
by many plant pathologists. Although this system is very artificial and does not
always give indications of relationships between species, it is still useful for
identi$ring and naming fungi.

The Italian botanist Pier Saccardo introduced the first useful system of
classi[ring anamorphic fungi in 1886. Saccardo's scheme is based on the type of
fruiting structure (conidioma) in or on which conidia are produced (to distinguish
classes), the way in which the conidiophores (simple or branched hyphae that
bear conidia) are grouped (to distinguish orders), the colour of the conidiophores
and conidia (to distinguish families) and the type of conidiophore as well as the
shape and septation of the conidia (to distinguish genera). Saccardo's system
placed considerable emphasis on the septation and pigmentation of conidia (Fig.
5.5).

Conidia can be borne in or produced on four types of fruiting structures called
conldiomata (multihyphal structures bearing conidia) or on conidiogenous cells
not contained in a conidioma (Fig. 5.6).
' PSrcnidium (pl. pycnidia): a globose or flask-shaped conidioma of fungal tissue

with a circular or longitudinal ostiole. The inner surface of the conidioma is
lined with conidiophores bearing conidia. $rcnidia can be superficial, semi-
immersed or immersed in host tissue.
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Ftgrrre 5.5 Conidia and Saccardo's spore terminologr. (A) Allantospore (Ifuletln tunata).
(B) Amerospore (Fusicladium sp.). (C) Didymospore (Trichocladium
asperum). (D) Phragmospore (Drechslera ho,waiiensis). (E) Dictyospore
(Alternarin atternata). (F) Scolecospore (Cercospora sp.). (G) Helicospore
(Helicodendron sp.). (H) Helicospore (HelrcomAces sp.). (D Staurospore
{Lemonniera sp.). (From Parbery, 1980 b.)

Conidiophores and conidia can be hyaline or pigmented. Hyaline conidia are
transparent (colourless), or nearly so. Pigmented conidia contain black or dark
brown pigments.

A modification of the Saccardoan system of classification is given in Table 5.4.

Table 5.4 Classif ication of anamorphic fungi (Fungi Anamorphici) based on the system
proposed by Saccardo (1BBG).

1. Conidia produced in pycnidia or acervuli Coelomycetes
(i) pycnidial forms ..... Sphaeropsidales

(D aceryular forms ..........Melanconiales

2. Conidia not borne in pycnidia or acervuli ........Hyphomycetes
(i) conidiophores aggregated as s5mnemata....... . StiLbeLLaIes

(ii) conidiophores aggregated in sporodochia.............. ..Tuberculariales
(iii) conidiophores and conidia not organised as synnemata

or sporodochia (no conidiomata) ........;.. Hgptwmgcetales
(a) mycelium and conidia hyaline or light-coloured ....... Moniliaceae
(b) mycelium and/or conidia dark coloured........... ..... Dematiaceae

(iv) no reproductive spores known Agorrcmgcetales

3. Colonies produce yeast and yeast-like cells; mycelium absent
or poorly developed. The imperfect yeasts. Blastomycetes

(i) conidia forcibly discharged; all known taxa are
Basidiomycota ........... .... Sporobolomgcetales

(ii) conidia not forcibly discharged; reproduction by budding ......... cryptococcales

5. FwWi with septate ttgphae artd a dikaryophase

Acenrulus (pl. acervuli): a saucer-shaped conidioma embedded in host tissue
in which a hymenium of conidiogenous cells develops on a pseudoparen-
chymatous stroma. Acer',ruli are often subcuticular or subepidermal in host
tissue which ruptures at maturity to expose conidia.
Sporodochium (pl. sporodochia): a conidioma consisting of a cushion-shaped
stroma of pseudoparenchyma covered by conidiophores and conidia.
S5rnnema (pl. synnemata): a conidioma in which many conidiophores are
aggregated into a column.
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Current trends in classification of anamorphic fungi

Considerable criticism of the Saccardoan classification of anamorphic fungi,
particularly the Hyphomycetes, has appeared in the literature over the past 40
years or so. This criticism relates to the unreliabilrty of many of the characters
used. For example, spore morpholory and septation, the degree of pigmentation
and tJ'e type of conidioma formed vary with colony age, the substrate on which
the fungus is grown and other environmental factors.

Nowadays, considerable emphasis is placed on the process of conidium
formation (conidiogenesis) and how conidia are liberated from their
conidiophores. TWo basic patterns of conidial development occur, (i) btastic
conidiogenesis in which the young conidium is recognisable before it is cut off
by a cross wall and (ii) thallic conidiogenesis where a cross wall is laid down
before the conidium is recognisable. Conidia become recognisable as they mature
(Fig. 5.7). Mature conidia can be liberated from the conidiophore in two basic
ways, schizolytic and rhexolytic. In schlzolytic dehiscence tl:e two halves of a
double septum split apart by breakdown of a middle lamella-like structure. In
rherolytic dehiscence the outer wall of a cell beneath or between the conidia
breaks down (Fig. 5.7). The reader is referred to Hawksworth et al. (1995) and
Kendrick (1992) for further details of classification based on conidiogbnesis.

I
A, blastic conidiogenesis B, ttrallic conidiogenesis

C, schizolytic secession D, rhexolytic secession

Figure 5.7 Basic modes of conidium development and release. (From Kendrick, 1992.)

5.3 Basidiomycota
The phylum Basidiomycota contains fungi familiar to the average person. Most
fungi with large fruiting bodies, the so-called macrofungi (e.g. mushrooms,
puffballs, bracket fungr) are members of the Basidiomycota. The rust, smut and
bunt fungi, all of which are plant parasites, also belong to t]:is phylum.
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The characteristic that distinguishes the Basidiomycota from all other groups
of fungi is the formation of a basidium on which basidiospores are produced.
The basidium can be aseptate or septate and usually bears four exogenous
basidiospores which are often dispersed by air currents. Basidiospores are sexual
spores that are formed after meiotic division of the diploid zygote nucleus in each
basidium.

In the class Basidiomycetes, basidia and basidiospores are usually formed in a
well-developed fruiting structure called a basidioma (pl. basidiomata). They are
usually borne on a distinct hymenium consisting of a layer of basidia which may
be interspersed with sterile cells called cystidia (s. cystidium). Cystidia are
generally larger than basidia and protrude beyond them.

In addition to producing basidia and basidiospores, the Basidiomycota have a
number of other characters that distinguish them from other groups of fungi.
r Clamp connections are hyphal outgrowths which, at cell division, make a

connection between the resulting two pells. They provide a by-pass for one of
the nuclei produced during cell division (Fig. 5.8). Clamp connections are
readily seen under the compound microscope. Although clamp connections are
characteristic of the dikaryophase of Basidiomycota, many species (including
all of the rust fungi) do not produce them. Thus their absence does not
necessarily indicate that a fungus is not a Basidiomycota.

il.hhfu$
Figure 5.8 Diagrammatic representation of clamp formation in Basidiomycota. (From

Parbery, 198Ocr.)

. Members of the Basidiomycota have an extended dikaryophase which is the
dominant part of their life cycle. After cytoplasmic fusion (plasmogamy) the
haploid nuclei from each parent multiply synchronously but do not fuse to
form a diploid nucleus. Thus each cell contains two haploid nuclei, one from
each parent. There is a marked time lag between cytoplasmic and nuclear
fusion. Special nuclear stains are required to observe nuclei under the
compound microscope.

' The hyphat walls are multi-layered and electron-opaque under electron
microscopy.

' The production of asexual spores is not common in the Basidiomycota except
in the rusts, smuts and bunts. They are however produced by some agarics
and other macrofungi.
There are many ways of classifring the Basidiomycota. In this chapter the

system of Hawksworth et al. (1995) who recognised three classes within the
Basidiomycota will be used.

(i) Basidiomycetes which include most of the macrofungi including
mushrooms and toadstools, boletes, bracket fungi, club and coral fungi,
puflballs and earth stars, bird's nest fungi, stinkhorns and jelly fungi as well
as a number of microfungi.
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Teliomycetes which consist of two orders, the Uredinales (the plant rusts)
and the Septobasidiales (a small group associated with insect hosts).
Ustomycetes consisting of seven orders of which the Ustilaginales (smut
furgr) and Tilletiales (bunt and smut furgi) are the most important to plant
pathologists.

Basidiomycetes

Most members of the Basidiomycetes play an inconspicuous but vital role in
degrading organic material such as forest litter and are therefore important in
nutrient cycling. Many enter into mycorrhizal associations with plant roots,
particularly ectomycorrhizas and arbutoid ectendomycorrhizas and, they
therefore, contribute to the nutrition of plants. Some however are very serious
plant pathogens. For example, ArrnilLaria tuteobubalina, which produces honey
coloured, mushroom-like basidiomata, causes armillaria root rot in many plant
species including eucalypts and other native plants. Similarly Heterobasidion
annosum (a bracket fungus) causes a serious butt rot in conifers and PheLlinus
noxius (also a bracket fungus) causes brown root rot of plants, particularly in
tropical regions.

The anamorphs (asexual state) of several basidiomycetes also cause serious
diseases of plants. For example, Rhizoctonia solani, which is the anamorph of
Thanatephorus cucumeris, causes damping-off, rhizoctonia root and stem rots
and storage rots in a wide range of plants. Similarly, ScLerotium rolfsii, which is
the anamorph of Athelia roLJsii, causes stem and foot rot in many plant species,
especially in tropical and warm temperate regions.

A diagnostic character which can be used to distinguish Basidiomycetes from
many other groups of Basidiomycota is the presence of dolipores in the septa (Fig.
3. f ). Dolipores are barrel-shaped septal pores that can be readily seen using
transmission electron microscopy but cannot be seen using light microscopy
unless special stains (e.g. congo red) and high magnification are used.

A typical life cycle of a Basidiomycete (of which there are many variations)
begins with germination of the basidiospore to produce a septate, haploid
primary mycelium. Hyphal components of the primary mycelia of compatible
mating types fuse and nuclear migration results in the formation of a dikaryotic
secondary mycelium which forms the predominant part of the life cycle. The
secondary mycelium forms various types of basidiomata in or on which basidia
are formed. Basidia form from terminal cells of hyphae. Within the basidium the
two nuclei derived from each parent fuse (karyogam5r) after which the diploid
nucleus undergoes meiosis giving rise to four haploid nuclei. Four outgrowths
(sterigmata) form at the top of each basidium. The tips of the sterigmata enlarge
to form basidiospore initials. A nucleus then migrates to each basidiospore initial
which develops into a basidiospore (Fig. 5.9). Basidia are released into air
currents and the process begins all over again.

The class Basidiomycetes can be divided into two interrelated series called the
H5rmenomycetae (often referred to as the hymenomycetes) and the
Gasteromycetae (or gasteromycetes) (Table 5.5). Most hymenomycetes actively
discharge their basidiospores from hymenia that are exposed before
basidiospores are mature. Gasteromycetes on the other hand do not actively
liberate their spores and do not expose their basidiospores until after they are
mature.
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Table 5.5

JohnBroun

Some characteristics of the series Hymenomycetae and Gasteromycetae of the
Basidiomycetes which are useful groupings although not recognised as official
taxonomic categories.

Hvmenomvcetae Gasteromycetae

Basidia formed on a distinct hymenium

Hymenium exposed before basidiospores
reach maturity

Basidiospores actively liberated

Basidiospores as1rrnmetrically mounted
(offset) on sterigmata

Examples: mushrooms, boletes, coral
fungi, bracket fungi, spine fungi

Hymenium present or absent

Basidiomata closed when basidiospores
reach maturity

Basidiospores not actively liberated

Basidiospores sJnnmetrically mounted on' 
sterigmata

Examples: puffballs, earthstars,
stinkhorns, bird's nest fungi

Teliomycetes

The plant rusts (order Uredinales) constitute the main group of fungi in the
Teliomycetes and have been responsible for widespread destruction of cultivated
plants. All rust fungi (164 genera and 7,OOO species of which about 4,OOO belong
to the genus Puccinial are obligate parasites that obtain their nutrients from
living plant cells. In nature they do not have a saprophytic phase in their life
cycle although a few rusts have been cultured on artificial media under
laboratory conditions. The rusts infect ferns, Srmnosperms and angiosperms and
are believed to have co-evolved with their hosts. Although rusts attack an
extremely wide range of plants, individual rust species usually have a very
restricted host range. Wheat growers throughout the world are aware of the need
to grow only cultivars that are resistant to stem rust (Puccinia graminis), stripe
rust (Puccinia stritJorrmis) and leaf rust {Puccininrecondita).

Nuclci nigrete ro

YounS buldiocrrp

Sccondery nycelium nyccliurn

- / l
+ i "

----e< Frtn.ry nyccliun

Socoadrry ayccliurn \

Figiure 5.9 Life cycle of a typical basidiomycete (diagrammatic).
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Rusts have eliminated thriving industries and potentially important industries
from various regions. Coffee rust epidemics in Ceylon {now Sri Lanka) and other
areas of south east Asia during the 1870s and 188Os eliminated the lucrative
coffee industry from the region. In Ceylon, which was a British colony at the time,
the coffee plantations were replaced with tea plantations and tea replaced coffee
as a source of caffeine for people in Britain and its then empire. The disease
continues to threaten world coffee production. So far the fungus has not been
found in Australia but it has become established in Papua-New Guinea. The
introduction of the poplar rusts, MeLampsora medusae rn 1972 and Metampsora
Larict-populina about 12 months later, ruined the Australian poplar industry in
the early stages of its development. It is believed that M. medusae was illegally
introduced into Australia with planting material smuggled in by a poplar grower.

Rusts can also damage native plants. The gall forming rust UromgcLadium
tepperianum caused the complete destruction of hedges of Acacia armata nr
Melbourne during the late l8OOs and early 19OOs. Usually however, acacia gall
rust is important aesthetically rather than economically. Guava rust (Prrccinia
psuCii) causes severe defoliation of eucalypts and other members of the family
Myrtaceae imBrazlJ and other parts of South America. Guava rust, which has not
been detected in Australia, poses a serious threat to components of the native
Australian flora.

Most rusts are known for the economic damage they cause to important
agricultural and forestry plants. Some however have been used to the advantage
of humans. Puccinirr chondrtLtino-, for example, was successfully used to control
some forms of skeleton weed in south eastern Australia in the 1970s. The fungus
is native to the Mediterranean region of Europe from where it was introduced.
Similarly, Phragmidium uiolaceum was introduced into Chile from Germany in
L972 to control blackberries. The rust was illegally released in eastern Australia
in the 198Os but has not been particularly effective in controlling the weed.

General characteristics of rusts

The rusts produce terminal, thick-walled teliospores which germinate to form
septate basidia on which 4 basidiospores develop on sterigmata. Teliospores are
often formed in a sorus (a spore mass) called a telium (pl. telia) which becomes
exposed on the surface of the host. In some species (e.9. Puccinia graminis) the
teliospores act as resting spores and enable the fungus to survive during
intercrop periods when hosts are not available, or during periods when the
environment is unfavourable for vegetative growth (e.g. overwint.fug). In the case
of P. gramrnis, teliospores do not germinate unless they have been exposed to
environmental extremes such as wetting and drying as well as freezing and
thawing. In many species however (e.g. Puccinia xanthii on Xanthium spp. and
Puccinia horiana on chrysanthemum) the teliospores germinate almost
immediately after they are formed and do not appear to have a survival function.

The morphologr of the telium and teliospores provides the major criterion for
classifring the rusts. Telia may be scattered in the mesophyll (e.g. uredinopsis),
within epidermal cells (e.g. Milesina), grouped in one-spore-deep subepidermal
crusts {e.9. MeLampsorc), in erumpent cushions (e.g. Prrccinia) or exuded as hair-
like columns or telial horns (e.g. Cronartium).In many instances the teliospores
initially form in uredinia and later replace the urediniospores.

Teliospores can be sessile (e.g. MeLampsora), in chains (e.g. cronartium,
Cumminsin) or borne on pedicels (e.g. Puccinia, [Jromgces). They may be single-
celled (e.9. Uromgces, Melampsora), two-celled (e.g. Puccinia) or multicelled (e.g.
Phragmidium). They also exhibit a range of surface ornamentations being smooth,
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spined, verrucose (warty appearance), reticulate (net-like) or punctate (with small
spots).

The Teliomycetes have a number of other characteristics in common including
the presence of a simple septal pore that is often blocked by what is called a
pulleywheel occlusion which prevents migration of nuclei from cell to cell (Fig.
3.1). Most rusts produce asexual spores called urediniospores which are
analogous to conidia produced by other groups of fungi. Clamp connections are
rarely formed in the rusts. Many rusts produce distinct sex organs which enable
nuclei to come together to form the dikaryophase in the life cycle.

Life cycles

The rusts have the most complex life cycles shown by fungi. In some species the
life cycle can involve more than one host and up to five types of spores which are
represented by the following Roman numerals.

O Spermagonia (sometimes called pycnia) bearing spermatia (sometimes called
pycniospores) and receptive hyphae

I Aeciospores produced in aecia
tr Urediniospores produced in uredinia

III Teliospores produced in telia
IV Basidiospores produced on basidia

The cereal stem rust fungus, Ptrccinia graminis, is an example of a rust that in
certain environments produces all five spore stages and requires two hosts to
complete its life cycle. Towards the end of summer, teliospores (Fig.5.lOD) are
produced on infected cereal plants, mainly on stems but also on leaves. The telia
in which teliospores are formed appear as black streaks on the stems of
susceptible cereal cultivars and related grasses.

After the cereal is harvested, the fungus overwinters as resistant teliospores on
the stubble. In the following spring, after exposure to environmental extremes
during winter, the teliospores germinate to produce a basidium with three
transverse septa. The basidiospores (Fig.s. f OE) that form on the basidium are
dispersed by wind. They germinate when conditions are moist. However, they
cannot infect cereals. They can only infect barberry and related species (Berberis
and Malwnia spp.) in the dicot family Berberidaceae. If barberry bushes are not
available the life cycle is broken. The barberry plant is called the alternate host.

The basidiospores germinate on young barberryr leaves in spring and infect
them by directly penetrating the cuticle and epidermis. A monokar5rotic, haploid
colony develops and tiny flask-shaped spermagonia are produced on the upper
surface of the leaf (Fig. 5.f 0A). Each sperrnagonium, which is the sexual stage in
the life cycle, contains spermatla, which ooze out in a sweet-smelling nectar, and
receptive hyphae. Insects are attracted to the nectar and serve as agents of
fertilisation. When spermatia of a plus (+) mating type are deposited on receptive
hyphae of a minus (-) mating type, fertilisation occurs and a dikaryotic colony is
produced. The dikaryotic mycelium spreads to the lower surface of the barberr5r
leaf and cup-shaped aecia are produced (Fig. 5. toB). The aecia produce
dikaryotic aeciospores in chains. The aeciospores are dispersed by wind but
cannot infect barberryr. They only infect cereals and a few related grasses in the
monocot family Poaceae.

On cereals, the new dikaryotic mycelium arising from aeciospore infection,
produces rusty-brown pustules called uredinia (Fig. 5.lOC). The uredinia contain
urediniospores which are dispersed by wind and are responsible for the
development of rust epidemics in wheat crops. The asexual urediniospores
gerrninate on wheat when free water is present (e.g. dew) to produce a germ tube.
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Wtren gerrn tubes come into contact with stomates they produce apprcssoria. A
penetration peg arising from the appressorium, enters the leaf through the
stomatal pore and forms a substomatal vesicle in the cavity beneath the
stomate. Intercellular hyphae arising from the substomatal vesicle grow between
the mesophyll cells and produce haustoria within tJre mesophyll and epidermal
cells. Haustoria absorb nutrients from plant cells and translocate them to the
rust colony. Uredinia form 8-12 days after the cereal plant is inoculated and on a
susceptible cultivar each uredinium can produce over 50,000 urediniospores. It
is not surprising therefore that stem rust epidemics can develop rapidly on
susceptible cultivars when environmental conditions are favourable.

In the summer, as the cereal plant matures, the uredinia begin to produce
dark, 2-celled teliospores. The teliospores germinate in the following spring to
produce basidia and basidiospores and the life cycle reconunences.

In mild climates, such as those in Australia, the fungus can survive during the
winter and summer months in the uredinial (asexual) state on volunteer, self-
sown, cereal plants. There is no need for an alternate host in the life cycle.

Fi$ure S.loPrrccnta graminis trttici, (A) Spermagonium containing spermatia and
receptive- hyphae. (B) Aecium bounded bv a peridium and containing
chains of aeciospores. (C) Uredinium on a'wheat leaf containing binucleatE
urediniospores. (D) Telium containing dark two-celled teliospores. (E)
germinating teliospore showing the basidium and four basidiospores.
(From Parbery l980cr")

Variations in life cycle patterns

On the basis of the spore states present in the life cycle of a particular species,
three basic types of life cycles can be distinguished:

macrocyclic nrsts (all spore states present)
demicyclic rusts (uredinial state absent)
microcyclic nrsts (aecial and uredinial states absent)
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Macrocyclic and demicyclic rusts may complete their life cycles on a single
host species in which case they are said to be autoecious. Many rusts however,
cannot complete their life cycle on a single plant species. They require an
alternate, completely unrelated plant species to complete their life cycle. The rust
has to alternate between the two unrelated host species. Rusts requiring
alternate hosts are said to be heteroecious rusts. On the basis of spore states
present and whether an alternate host is involved, five types of life cycles are
recognised.

1. Heteroeclous-macrocyclic (heteromacrocyclic) nrsts
Cronartium ribicoLa-white pine blister rust-currant rust. $rcnia and

aecia on Pinus spp., uredinia, telia and basidia on Ribes spp. Not in
Australia.

MeLampsoramedusae-Poplar rust. Pycnia and aecia on Larix spp.,
Pseudotsugd spp. and Pinus spp., uredinia, telia and basidia on
Populus spp. especially PopuLus dettoides.

Ptrccinia coronata-crown rust of oats and rye grass-buckthorn rust.
$rcnia and aecia on Rha.mnus spp., uredinia, telia and basidia on
Auenaspp., Iahum spp. and other grasses.

Ptrccinia graminis-wheat stem rust-barberrSr rust. Srcnia and aecia on
Berberis spp., uredinia, telia and basidia on ?.itrrcum spp.

Ptrcciniarecondita-wheat leaf rust. $rcnia and aecia on Thaticfrum spp.,
Isopgrum spp., Clematis spp. (all Ranunculaceae), uredinia, telia and
basidia on grasses and cereals.

2, Autoecious-macrocyclic (automacrocyclic) rusts
M eLamp s or a Lini-flax (lins eed) ru st
Ptrccinis trcLianthi-sunfl ower ru st
Uromg ce s appendictilahts-common bean rust

3. Heteroecious-demicycllc (heterodemicyclic) nrsts
Gg mno s p or ang ium j unip eri- u ir g inianae- Arneric an ce d ar- apple ru st.

Pycnia and aecia on apple and crab apple (Malus spp.), telia and
basidia on Junipens uirgininna. Not in Australia.

4. Autoeclous-demicyclic (Autodemicycllc) nrsts
KuehneoLa uredinis-orange rust of Rubr.rs (blackberry)

5. Microcyclic nrsts
Puccinia msluacearulzt-hollyhock or mallow rust.
Ptrccinia xanthit-xelrlllhium rust.
Ptrccinia trorirno.-white rust of chrysanthemum.

Ustomycetes
The class Ustomycetes consists of the smuts and bunts which have a narrower
host range than the rusts and only infect angiosperms (an exception is
Melanotaenium spp. on the spike 'moss' Setagirrctla). They are parasites of cereals,
grasses, ornamentals and a wide range of non-economic plants. They are
particularly common on grasses and sedges and can cause severe losses in cereal
crops. Some of the differences between rusts and smuts are shown in Table 5.6.

During the first part of the twentieth century, flag smut of wheat caused by
Urocystis agropgri was of major economic importance in Australia but the
problem was overcome by the development of resistant wheat cultivars such as
Nabawa which was released in f 915. The disease is now rarely found. Bunt or
stinking smut of wheat caused by TIIIetia caries also caused significant losses in
wheat until chemical seed treatments were found to control the disease cheaply
and effectively. During the early lgoos, particularly in the United States, there
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were numerous reports of 'bunt explosions' resulting from ignition of the bunt
spores (bunt dust) that accumulated in harvesters. Not only was farm machinery
damaged, but the fires associated with the explosions destroyed large areas of
ripe, unharvested wheat.

Table 5.6 Characteristics of the classes Teliomycetes (the rusts) and Ustomycetes (the
smuts).

Teliomvcetes Ustomycetes

8 1

Teliospores terminal
Four basidiospores produced on

sterigmata
Basidiospores actively liberated

(discharged)

Clamp connections rarely formed
Distinct haustoria formed
Obligate biotrophs

Often require an alternate host to
complete its life cycle

Infections usually localised
Teliospores in telial sori, location non-

specific
Infect ferns, grmnosperms and

angiosperms

Teliospores intercalary or terminal
Variable number of basidiospores

produced. No sterigmata
Basidiospores not usually actively

liberated
Clamp connections common
Haustoria not distinct
Facultative biotrophs, form yeast-like

colonies on artificial media
Complete life cycle on a single host

species
Infections usually systemic
Teliospores usually in a specific host

organ, e.g. leaves or inllorescence
Infect angiosperms only

The smuts produce large quantities of teliospores (sometimes called
ustilospores) in their hosts. Teliospores are formed when virtually all of the cells
in the colony's mycelium lay down a thick wall and are converted into teliospores.
The spores may be formed singly (Ustil"ago, Tilletial, in pairs (Mgcosgrinx,
SchizoneLta), in balls (Sorosporium, Totgposporium) or in balls surrounded by
sterile cells (Urocysfrs). Ornamentations on the walls of teliospores can be used to
differentiate m€ury species of smuts.

Each mature teliospore contains a diploid nucleus. Teliospores germinate to
form a basidium (often referred to as a promycelium) into which the diploid
nucleus migrates and undergoes meiosis. In many species (e.9. Ustilago zeae, the
cause of gall smut of maize) three transverse septa are laid down to cut off four
cells, each of which contains a single haploid nucleus. The nucleus within each
cell divides mitotically. One of the nuclei moves into the basidiospore. After the
basidiospore is released, the process can be repeated. Thus a variable number of
basidiospores is produced by each basidium. Because of this, some workers refer
to the spores as sporidia rather than basidiospores. In some species, the
detached basidiospores form more spores by budding. Basidiospores germinate to
give fine hyphae. The fine hyphae of compatible mating types fuse to form a
dikaryon which infects the host. The way in which the dikaryon is formed varies
among species (Figs 5.11, 5.12 and 5.f3).

On the basis of the infection process, the smuts can be divided into three
types : local-infecting, seedling-infecting and floret-infecting.

Local-infecting smuts

Gall smut of maize (UstiLago zeae), which became established in Australia in
1982, is an example of a local-infecting smut. The disease affects all above
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ground parts of the plant where galls of various sizes develop. Galls form on the
ears, tassels, stalks and leaves of susceptible cultivars (Fig. 5.11). Large
reductions in yield result when galls develop on cobs.

\
7 - . .  ' . ,  4

/ . ro i . .  I  __r>!Li
f-a-a; -:i--al
l , / r /  ) E ' l | ' U

\ '  
" !  

B ' J

-
elium changing
teliospores

infected maize
plant
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The fungus overwinters as teliospores in crop debris where the spores retain
their viability for many years. The teliospores germinate in spring and summer
and the airborne or water-splash-dispersed basidiospores initiate infection after a
dikaryon is formed. The dikaryotic hyphae penetrate the host through stomates,
wounds or directly through the cell walls. The hyphae cause the host cells to
multiply and enlarge in an abnormal way forming galls. Young leaves and
developing grain are most affected. As the plant approaches maturity, the cells in
the smut's hyphae a.re converted to thick-walled teliospores which are contained
in the galls. Each gall results from a local infection. Systemic infections are rare
with U. zede.

Seedli ng-i nfecti ng sm uts

Common bunt or stinking smut of wheat, caused by TiLLetia canes and T. Laeuis,
is an example of a seedling-infecting smut. The disease occurs in most wheat-
growing €Ireas and was among the most important diseases of wheat before seed
treatment with fungicide was adopted as a routine practice by farmers. The
disease is now rarely seen. The name 'stinking smut' arose because the bunt
spores have a fishy odour and a dark appear€rnce.

The seeds of bunted plants are replaced by masses of teliospores and are
converted into bunt balls. During harvest, the spores from the bunt balls become
dislodged and adhere to the surface of healthy seeds or fall to the ground with the

myc
into
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trash. The fungus can survive as teliospores on contaminated seed or in soil for
up to 3 years.

Botl. species of bunt fungi have similar life cycles. However the two species can
be distinguished by their teliospore walls which are reticulate (net-like) in
T. caries and smooth in T. Laeuis. Upon germination, each teliospore produces a
basidium on which eight terminal basidiospores develop (Fig. 5.12). These
basidiospores fuse near the middle in compatible pairs to form four H-shaped
structures. These dikaryotic structures germinate to produce either infectious
hyphae or secondary conidia.
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Infectious hyphae arising from the fused basidiospores or germinated
secondar1r conidia penetrate and infect the young coleoptiles of germinated wheat
seedlings before they emerge from the ground, thus the name'seedling-infecting
smut'. Only young seedlings become infected as older plants are resistant to
infection. The fungus invades the meristem tissues and is then carried upwards
with the inflorescence primordia when internodes elongate. After systemic
development in the plant, the mycelium forms teliospores which replace tJle grain
as the host matures. Another example of a seedling infecting smut is lJsttlago
btillata spp. which is common in northern New South Wales and Queensland.

smutted
wh€at
head
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Floret-i nfecti ng sm uts.

Loose smut of wheat, caused by Ustrlago trittci" is a floret-infecting smut. Plants
infected by the loose smut fungus do not show symptoms of disease until after
heading. In mature plants, kernels are replaced by smut spores and only the
rachis remains intact on the inflorescence. Infected plants often head earlier and
are taller than non-infected plants (Fig. 5.13).
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Figtrre 5.13 Disease cycle of Ustilago tnficr, the cause of loose smut of wheat.

Teliospores blown from infected plants land on the inflorescences of healthy
plants during flowering. They germinate to produce basidia but no basidiospores
are formed. Instead, each of the four cells of the basidium germinates into hyphae
which fuse in compatible pairs to form dikaryons. The dikaryon penetrates the
pericarp of the developing seed and becomes located in the ovary. The ovary and
attachments develop resistance to infection about one week after pollination. The
fungus remains dormant in the cotyledon of the embryo until the seed
commences to germinate in the following season. No symptoms of disease are
apparent until the plant approaches maturity. When the plant matures the
inflorescences are replaced by masses of teliospores.
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