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Abstract

ZEMANKOVA M., LEBEDA A. (2001): Fusarium species, their taxonomy, variability and significance in plant pathology.
Plant Protect. Sci., 37: 25-42.

Fusarium Link (1809) is an anamorph genus with worldwide distribution and a remarkable degree of biodiversity. Its species are
common in soil and have been found on a very wide range of vascular plants. Some specialized species are parasitic on other
fungi and or insects. In the system of fungi the genus Fusarium is classified in the class Hyphomyecetes which belongs to the
Deuteromycotina. Teleomorphs have been placed in the genera Nectria and Gibberella, order Hypocreales (Ascomycetes). The
taxonomy of the genus Fusarium is not settled and the number of species and sections varies. A few recent classification systems
of this genus exist. Fusarium spp. have mostly been studied in the context of their ability to cause discases of many economically
important crop plants. Some species produce mycotoxins and other metabolites that can be harmful to humans and livestock.
There is a wide variability in pathogenicity, and in many Fusarium spp. various formae speciales (f.sp.) and physiological races

are known. In this paper a description of the 14 most important soil and plant pathogenic Fusarium spp. is provided.

Keywords: Fusarium spp.; biodiversity; taxonomy and classification; morphology; in vitro growth characters: geographical
distribution; ecology; toxins and other metabolites; pathogenicity; formae speciales and races

GENERAL PART
Taxonomy and classification systems of Fusarium spp.

The genus Fusarium exhibits a remarkable degree of
biodiversity of morphological, physiological and ecolog-
ical attributes. An ideal taxonomic system should reflect
the genetic relatedness of taxa. It should also recognise,
at an appropriate level, taxa which are distinguished by
practical and significant aspects of their pathogenicity,
mycotoxicology or ecology (BURGESS et al. 1997). The
anamorph genus Fusarium Link (1809) has attracted more
attention of various scientists than any other group of fun-
gi. The generic name Fusarium was used for the first time

by LINK (1809). The genus type is considered to be Fusa-
rium sambucinum Fuckel (GERLACH & NIRENBERG
1982).

The history of Fusarium systematics has shown marked
swings between excessively narrow species concepts and
those which are so broad that practical information on
pathogenicity and toxigenicity has been lost. Recent stud-
ies of biodiversity in Fusarium are based on the examina-
tion of large populations of isolates in which traditional
morphological criteria are integrated with detailed data
on pathogenic specialisation, toxin production and ecol-
ogy, and more recently with information derived from
molecular taxonomic studies (BURGESS et al. 1997).

This work was supported by the Ministry of Agriculture (Prague) from the “National Programme of Genepool Conservation of
Microorganisms and Small Animals of Economic Importance” and by Ministry of Education, Younth and Sports (Prague) through
the project “Stress and pathological biology, biochemistry and and bioenergetics of plants” (MSM 153100010).
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During the first decades of taxonomic research, many
scientists contributed to describe over 1000 species, va-
rieties and forms of Fusarium. APPEL and WOLLENWE-
BER (1910) and WOLLENWEBER (1913) published a series
of important studies. On their basis the modern concept
of the genus Fusarium was created (WOLLENWEBER &
REINKING 1935). The authors reduced over 1100 species
of Fusarium to 65 species and 22 forms and varietes. A
much simpler system with only nine species was published
by SNYDER and HANSEN (1940). Although this system
was very popular, especially in the U.S.A., itis now con-
sidered as unsatisfactory.

Later classification systems were developed by MES-
SIAEN and CASSINI (1968, 1981), GERLACH and NIREN-
BERG (1982), NELSON et al. (1983), and one of the most
used systems by BOOTH (1971) is based on descriptions
of 12 sections, 44 species and 7 varietes of Fusariumspp.
Recently, BRAYFORD (1993) considered 12 sections with
52 species and 4 varietes (Table 1). These classifications
and phylogenetic relationships are verified by molecular
genetical criteria (e.g. LOGRIECO et al. 1997).

Taxonomically, the genus Fusarium is classified in the
class Hyphomycetes, belonging to the Deuteromycotina.
Teleomorphs of Fusarium spp. have been placed in sev-
eral ascomycete genera such as Hypomyces (Fr.) Tul..
Calonectria de Not. and Micronectriella Hohnel, but cur-
rently they are regarded as a part of Nectria (Fr.) Fr. or
the closely related genus Gibberella Sacc., order Hypoc-
reales (SEIFERT 1996).

Morphology

The genus Fusarium is characterized usually by fast
growing, pale or bright-coloured colonies with a felty
aerial mycelium and diffuse or sporodochial sporulation.
Fusarium spp. produce fusiform, curved, multiseptate
macroconidia with a pointed apical cell and pointed bas-
al cell that has the appearance of a foot. In some species
smaller, 0-1 septate microconidia are formed. Thick-
walled chlamydospores may be present, however, depend-
ing on the species (BOOTH 1971).

Most of the Fusarium spp. isolated from nature pro-
duce their macroconidia on sporodochia. These sporodo-

Table 1. List of sections and species of Fusarium spp. — according to BRAYFORD (1993)

Section Anamorph (Fusarium) Teleomorph (Gibberella, Nectria)
Elegans F. oxysporum Schlecht.”) unknown
F. udum Butler G. indica Rai et Upadhyay
F. xylarioides Steyaert G. xylarioides Heim et Saccas
Liseola © F annulatum Bugnicourt unknown S
F. beomiforme Nelson, Toussoun et Burgess unknown
F dlamini Marasas, Nelson ¢t Toussoun unknown
E moniliforme Sheld G. fujikuroi v. moniliformis (Wineland) Kuhlman
F. moniliforme v. intermedium Neish et Leggett G. fujikuroi v. intermedia Kuhlman
F. moniliforme v. subglutinans Wollenw. G. fujikuroi v. subglutinans Edwards et Reinking
F. napiforme Marasas, Nelson et Rabie unknown
F. nygamai Burgess et Trimboli Gibberella sp.
F. succisae (Schroter) Sacc. unknown
ﬁotrichiella E poae (Peck) Wollenw. unknown
F tricinctum (Corda) Sacc. G. tricincta El-Gholl, McRitchie,
Schoulties et Ridings
Arthrosporiella  F avenaceum (Fr.) Sacc. G. avenacea R. J. Cook
F camptoceras Wollenw. et Reinking unknown
F. chlamydosporum Wollenw. et Reinking unknown
E pallidoroseum (Cooke) Sacc. unknown
F polyphialidicum Marasas, Nelson, Toussoun et Van Wyk  unknown
F. sporotrichioides Sherb. unknown
Gibbosum E acuminatum Ellis et Everhart G. acuminata Wollenw.

F. compactum (Wollenw.) Gordon
E equiseti (Corda) Sacc.
F. longipes Wollenw. et Reinking

unknown
G. intricans Wollenw.

unknown
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Table 1 to be continued

Section Anamorph (Fusarium) Teleomorph (Gibberella, Nectria)
Discolor F. buharicum Jacz. unknown

E crookwellense Burgess, Nelson et Toussoun unknown

FE culmorum (W. G. Sm.) Sacc. unknown

F. flocciferum Corda unknown

E graminearum Schwabe G. zeae (Schw.) Petch

F. heterosporum Nees G. gordonii C. Booth

F sambucinum Fuckel G. pulicaris (Fr.) Sacc.

F. tumidum Sherb. G. tumida Broadhurst et Johnston
Lateritium E lateritium Nees G. baccata (Wallr.) Sacc.

F. lateritium v. buxi C. Booth G. buxi (Fuckel) Wint.

F. stilboides Wollenw., G. stilboides Gordon ex C. Booth
Martiella F. bugnicourtii Brayford unknown

F. coeruleum Lib. ex Sacc unknown
Ventricosum F. illudens C. Booth N. illudens Berk.

E solani (Martius) Sacc, N. haematococca Berk. et Br.

F. staphleae Samuels et Rogerson N. atrofusca (Schw.)EIL et Everh.

F. ventricosum Appel et Wollenw, N. ventricosa C. Booth
Spicarioides F. decemcellulare Brick N. rigidiuscula Berk. et Br. -
Episphaeria 2 F aquaeductuum Lagerh. N. purtonii (Grev.) Berk. e

F. aquaeductuum v. medium Wollenw. N. episphaeria (Tode;Fr.) Fr.

F. buxicola Sacc. N. desmazierii Becc. et De Not,

E ciliatum Link unknown; possibly N. decora (Wallr.)

Fuckel, fide Samuels et Nirenberg

F epistroma (Hohn) C. Booth N. magnusiana Rehm ex Sacc.

F. expansum Schlecht. N. stilbosporae Tul.

F. melanochlorum (Casp.) Sacc. N. flavoviridis (Fuckel)Wollenw.

F. merismoides Corda unknown

F. sphaeriae Fuckel N. leptosphaeriae Niessl
Coccophillum®  F, coccidicola Henn. N. diploa Berk. et Curt.

F coccophilum (Desm.) Wollenw. et Reinking N. flammea (Tul.) Dingley

E larvarum Fuckel N. aurantiicola Berk. et Br.

F. tasmanicum (MacAlpine) Rossman N. coccidophaga (Petch) Rossman
Setofusarium  F! sefosum Nirenberg et Samuels N. setofusariae Samuels et Nirenberg N

") Fusarium spp. (in bold) described in this paper

2 Section includes spp. known as parasites of pyrcnomycetous ascomycetes or as saprophytes living on plant debris in soil or water

% Section includes spp. parasitising on scale insects

chial types often mutate in culture, especially on rich
media. Mutations may occur rarely in nature. The mu-
tants mostly show a loss of pathogenicity, and the ability
to produce toxins may be reduced or lost (NELSON et al.
1983). Two major types of mutants arise from the sporo-
dochial type: 1) the pionnotal type, and 2) the mycelial
type. The pionnotal type produces little or no aerial myce-

lium, masses of macroconidia on the surface of the colo-
ny and more intense pigmentation of colonies than the
sporodochial colonies. The characteristics of the myce-
lial type are the production of abundant aerial mycelium,
the production of very few or no macroconidia and fre-
quent lack of sporodochia and pigmentation in culture
(NELSON et al. 1994).
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Geographical Distribution and Occurrence

Representatives of the genus Fusarium occur in a wide
range of ecological niches in most regions of the worid
(BURGESS et al. 1997) and are widely spread from Arctic
tundra and Subantarctic regions (LORI et al. 1999) to trop-
ical rain forests (BRAYFORD 1993). Some species tend to
occur predominantly in tropical and subtropical regions
(F. oxysporum f. sp. cubense), some appear to be restrict-
ed to cold climatic and alpine zones e.g. F. sambucinum
(BURGESS et al. 1988), whereas others have a cosmopol-
itan distribution (e.g. F oxysporum). The latter species
have a high degree of variability in their physiological
and pathogenic characteristics (Table 2) and morphology
in culture. This variability has presumably enabled them
to occupy diverse ecological niches in many geographi-
cal areas (BURGESS 1981; BURGESS et al. 1988). Other
species which are less variable, such as species exhibit-
ing a high degree of host specificity (for example those
that occur on scale insects), tend to be less widely distrib-
uted (SEIFERT 1996).

Fusarium spp. are common in soil and associated with
roots of living plants, or they persist as chlamydospores

or hyphae in plant residues and organic matter (GORDON
1960). Several species produce airborne conidia and are
common colonisers of stems, leaves and floral parts of
plants. Some species occur in freshwater, and several spe-
cies are parasites on other fungi (Pyrenomycetes) or on
scale insects (BURGESS 1981). PRICE (1984) divided the
Fusarium spp. into four main groups: 1) plant pathogens
(including mycoparasites), 2) insect pathogens, 3) sapro-
phytes, and 4) soil inhabitants. A few species bridge the
gap between the various groups, attacking both plants and
insects or are able to live actively away from their host.

Production of Toxins and other Metabolites

Many Fusarium spp. are regarded as “field fungi” rath-
er than “storage fungi” since they do not grow at reduced
moisture (SMITH et al. 1984). Fusariim spp. ar¢ a com-
mon part of the fungal mycoflora of seed (MAUDE 1995;
NEERGAARD 1977). Some species may be seed-borne
pathogens and/or can produce a variety of toxic metabo-
lites (DRYSDALE 1982; SNIIDERS 1990). A list of these
metabolites is summarized in Table 3. The majority of
Fusarium metabolites belong to the trichothecene group

Table 2. List of soil Fusarium species and their host specificity - according to BRAYFORD (1993)

A) Number of formae speciales described within Fusarium spp.

Section Species Number of formae speciales
Elegans F. oxysporum 96
Martiella F. solani L62)

B) Number of races described within formae speciales of Fusarium

Fusarium spp. Forma specialis

Number of races

F. oxysporum batatas
callistephi
conglutinans
cubense
cucumerinum
dianthi
lupini
lycopersici
matthioli
melonis
niveum
perniciosum
phaseoli

pisi
tracheiphilum

vasinfectum

o)

F solani cucurbitae

radicicola

B RO W B RN W R DWW W W s DN
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Table 3. Survey of Fusarium spp., their toxins and other metabolites

Fusarium spp. Toxins and other metabolites References

E. acuminatum Trichothecenes WING et al. (1991, 1993)
Zearalenon BOSCH & MIROCHA (1992)

F. avenaceum Antibiotic Y GOLINSKI et al. (1986)

Acetamidobutenolid and Enniatin B

HERSHENHORN et al. (1992)

Fusarin C GOLINSKI & CHELKOWSKI (1992)
Chlamydosporol SHIER & ABBAS (1992)
Moniliformin SHARMAN ef al. (1991)
Zearalenon ZHU & ZHANG (1991)
Trichothecenes LAUREN ef al. (1992)

F crookwellense Apotrichothecenes GREENHALGH et al. (1989)
Fusarin C GOLINSKI & CHELKOWSKI (1992)

Trichothecenes

LAUREN ef al. (1992)

Zearalenon GOLINSKI & CHELKOWSKI (1992)

F. culmorum Chlamydosporol ABBAS et al. (1992)
Fusarin C GOLINSKI & CHELKOWSKI (1992)
Moniliformin SCOTT et al. (1987)
Trichothecenes MARASAS et al. (1984)
Zearalenon MARASAS ef al. (1984)

F. equiseti Trichothecenes MARASAS et al. (1984) ' i
Zearalenol BOTTALICO et al. (1985)
Zearalenon BOTTALICO et al. (1985)

F. graminearum Fusarin C THRANE (1988) B
Trichothecenes (type A) LOGRIECO et al. (1993)
Trichothecenes (type B) [CHINOE et al. (1983)
Zearalenon WINDELS et al. (1989)

F. moniliforme Fumonisins LESLIE et al. (1992) )
Fusarins JACKSON & LANSER (1993)
Macrofusin LAURENT et al. (1989)
Micromonilin LAURENT et al. (1989)
Moniliformin MARASAS et al. (1984)
Trichothecenes Liet al. (1990)
Zearalenon MARASAS et al. (1984)

F. oxysporum Moniliformin CHELKOWSKI erf al. (1990)
Sambutoxin KIM & LEE (1994)
Wortmannin ABBAS et al. (1991)
Zearalenon RICHARDSON et al. (1985)

F. pallidoroseum Anhydrofusarubin HASHMI & THRANE (1990)
Bostrycoidin HASHMI & THRANE (1990)
Chlamydosporol SHIER & ABBAS (1992)
Equisetin HAsHMI & THRANE (1990)
Fusarubin HASHMI & THRANE (1990)
Moniliformin HASHMI & THRANE (1990)
Pyrones ALTOMARE et al. (1997)
Zearalenon ZHU & ZHANG (1991)
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Table 3 to be continued

Fusarium spp. Toxins and other metabolites

References

F poae Enniatin BURMEISTER & PLATTNER (1987)
Fusarin C GOLINSKI & CHELKOWSKI (1992)
Moniliformin CHELKOWSKI et al. (1990)

F solani Trichothecenes UENO (1977)

F. sporotrichioides Fusarin C THRANE (1988)
Moniliformin SCOTT et al. (1987)
Trichothecenes LOGRIECO ef al. (1990)

F. tricinctum Chlam&dosperol SOLFRIZZO & VISCONTI (1991)
Enniatin BURMEISTER & PLATTNER (1987)
Fusarin C GOLINSKI & CHELKOWSKI (1992)
Moniliformin CHELKOWSKI et al. (1990)
Visoltricin VISCONTI & SOLFRIZZO (1994)

of sesquiterpenes (GOLINSKI et al. 1997, MOSS 1984).
Fusariotoxins can be very harmful to humans and live-
stock (NELSON et al. 1994).

Significance of Fusarium spp. in Plant Patholegy and
Variation in Pathogenicity

Fusarium spp. have mostly been studied in relation to
their ability to cause diseases of many economically im-
portant plants. A broad range of disease symptom expres-
sion is known: seedling blights; root rots; basal rot of
bulbs; stem, leaf and head blights of cereals; postharvest
storage rots; cankers of woody hosts; vascular wilts (NEL-
SON er al. 1981).

Species of the genus Fusarium can be primary patho-
gens of plants or can negatively affect host plants togeth-
er with other pathogenic fungi or nematodes. However,
they can also be common secondary pathogens of plant
tissue that has been stressed by abiotic or biotic factors
(BRAYFORD 1993). When Fusarium spp. act as primary
pathogens they can express various degrees of host spec-
ificity. Pathogen specificity on the species level has been
classified into formae speciales (f.sp.), and in some cases
into physiological races (Table 2), on the basis of the re-
action of differential genotypes of the host plant (AM-
STRONG & AMSTRONG 1968). For example, more than
120 different formae speciales have been described for F.
oxysporum (HAWKSWORTH et al. 1995). It is not possi-
ble to reliably differentiate between formae speciales or
between pathogenic and saprophytic strains by means of
morphology. Tests through inoculation of the host plants
are currently required to identify formae speciales and
races, although the recent development of in vitro and
molecular identification techniques has made some
progress (CORRELL 1991; BAAYEN & WAALWIIK 1997;
WOO et al. 1998).

30

A further aspect indicating differentiation within some
Fusarium spp. are their sexual relationships. It is known
that some isolates are homothallic, while others are het-
erothallic; however, some appear to be only anamorphic.
In terms of genetics, these mating groups could be inter-
preted as distinct biological species, but it is difficult to
distinguish between mating groups by using morphologi-
cal criteria (MATUO & SNYDER 1973). Mating groups
have been described e.g. within the broadly defined mor-
phological species F. solani sensu SNYDER and HANSEN
(1941).

SPECIAL PART

Description of the Most Important Soil and Plant
Pathogenic Fusarium Species

The following alphabetical list includes the most com-
mon Fusarium spp. — modified and improved according
to BOOTH (1971) and BRAYFORD (1993) (Table 1) — with
their main characteristics and significance in soil biology
and plant pathology.

Fusarium acuminatum Ellis et Everhart (Fig. 1)

Colonies on PSA (Potato Sucrose Agar) with floccose
aerial mycelium and with pink pigment darkening to hon-
ey or light brown, reverse livid red to dark vinaceous.
Growth rate on PSA is 80-100 mm/10 days (diam.). Mac-
roconidia, mainly 3-5 septate, 25-60 x 2-5.5 pym, arisc
from cylindrical conidiogenous cells. On SNA (Synthetic
Nutrient Agar) the shape of macroconidia is falcate/luna-
te, widest near the middle and tapering evenly to a point-
ed apical cell and distinctly pedicellate basal cell.
Microconidia normally absent. Chlamydospores present
singly, in chains or clusters. Recently, F. acuminatum has
been split into two taxonomic groups, formally described
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as F. acuminatum Ell. & Ev. subsp. acuminatum Burgess
& al. and E acuminatum subsp. armeniacum Forbes,
Windels et Burges according to their morphological, cul-
tural and ecological characteristics, and toxigenic vari-
ability (ALTOMARE et al. 1995; BURGESS et al. 1997).
There is evidence about a close phylogenetic relationship
between F. acuminatum subsp. armeniacum and F. sporo-
trichioides based on comparisons of partial ribosomal
RNA sequences (LOGRIECO et al. 1992).

The species F. acuminatum is widely distributed on a
wide range of hosts, mostly as a saprobe and as a second-
ary invader (ALTOMARE et al. 1995). The fungus lives in
association with roots of diverse herbaceous and woody
hosts (LORIL et al. 1999). It causes root and crown rots
and occurs as part of disease complexes with other fungi
and nematodes. It can cause postharvest rotting of fruit.
In addition to root and foot rot of cereals, it can cause a
symptomless infection of cereal roots (HILL ef al. 1987).
E acuminatum is a common component of cereal seed
and producer of toxins of the group enniatins (VISCONTI
et al. 1992).

Fusarium avenaceum (Fr.) Sacc. (Fig. 2)
syn.: F. diversisporum Sherb., F. anguioides Sherb.

Colonies on PSA with floccose aerial mycelium, white
at first, darkening to pink or livid vinaceous; dark vina-
ceous near the centre. Growth rate on PSA is 40-70 mm
per 10 days (diam.). On SNA the formation of two types
of macroconidia is known: 1) macroconidia (3-5 septate,
40-100 x 2-5 um, filiform, thin-walled, curved, with
pointed apex and pedicellate basal cell) forming orange,
slimy sporodochia on the agar surface; 2) macroconidia
(1-3 septate, 15-50 x 35 um, fusiform, with pointed apex
and conical basal cell lacking pedicella) arising from poly-

blastic cells in aerial mycelium. Microconidia normally
absent, but sparse ovoid microconidia are produced by
young colonies of some strains. Chlamydospores absent.

This species is widely distributed, but more common in
temperate regions, The fungus has a wide host range and
is known as either a primary pathogen or component of
disease complexes on seedlings and mature plants of
diverse crops (AL-HAMDANY 1998; LITTERICK &
MCQUILKEN 1998), including cereals (KLAASEN & MA-
RASAS 1998; NARKIEWICZ-JODKO & GIL 1997; REM-
LEIN-STAROSTA 1997) and Fusarium head blight (FHB)
of barley (SALAS et al. 1999). It is also a pathogen of
woody plants, causing seedling blight, stem cankers and
is associated with dieback (OLESKEVICH et al. 1998).

Fusarium crookwellense Burgess, Nelson et Toussoun
(Fig. 3)

Colonies on PSA with floccose aerial mycelium, ini-
tially white, darkening to honey and greyish rose to dark
vinaceous. Growth rate on PSA is 50-75 mm/4 days
(diam.). On SNA sporulation abundant in slimy sporodo-
chia, conidiogenous cells cylindrical/swollen. Macro-
conidia 5-7 septate, 30~55 x 4-5 um, appearing thick
walled, falcate, swollen in the middle, apical cell taper-
ing to a point, foot cell with distinctly protruding pedicel.
Microconidia absent. Globose chlamydospores present in
mature colonies.

The fungus has a wide geographical distribution but is
more common in temperate climates. It forms part of stalk,
foot and root rot complexes on cereals, including wheat
and maize (SAYER & LAUREN 1991), and grass/clover
pastures where it produces zearalenone (TOWERS &

@
U
)

&

SPROSEN 1995).

Q

1. F acuminatum

2. F. avenaceum

3. F crookwellense

Fig. 1-3. Morphology of conidia and conidiophores of Fusarium spp. — according to BRAYFORD (1993); scale bar = 10 um
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Fusarium culmorum (W. G. Sm.) Sacc. (Fig. 4)

Colonies on PSA with floccose aerial mycelium, pink
at first, darkening to livid red and honey colour to dark
vinaceous. Growth rate on PSA is 50-80 mm/4 days
(diam.). On SNA sporulation abundant in sporodochia.
Cylindrical/swollen conidiogenous cells (monophialides)
borne in clusters on irregularly branching conidiophores.
Macroconidia mostly 3-5 septate, 30-50 x 5-9 um, ap-
pearing short and fat, thick walled, with curved dorsal
surface and straight ventral surface, pointed apical cell
and wedge-shaped basal cell without a distinctly protrud-
ing pedicel. Microconidia absent, sometimes sparsely
occurring in old cultures. Chlamydospores mostly inter-
calary, single or in short chains.

This species is typical for regions with a cool climate.
It causes root and foot rot, headblight, ear blight (scab)
and seedling disease of cereals (KLAASEN & MARASAS
1998; NARKIEWICZ-JODKO & GIL 1997; PARRY et al.
1995). F. culmorum is not restricted only to Gramineae,
but may cause disease on a wide range of other host plants
(NELSON et al. 1981).

The most important toxins produced by F culmorum
are summarized in Table 3. The major trichothecene me-
tabolite is 3-acetyldeoxynivalenol (ZAMIR & FARAH
2000). During storage, the mycotoxin (DON and ZEN
toxins) content of infected wheat seed increases under
warm and humid conditions (HOMDORK et al. 2000a). Tt
is possible to reduce or prevent DON contained in infect-
ed wheat seed by applying in the developing crop the sys-
temic fungicide tebuconazole (as Folicur) (HOMDORK ef
al. 2000b).

Fusarium equiseti (Corda) Sacc. (Fig. 5)

Colonies on PSA with abundant, floccose aerial myce-
lium, pink, in some strains darkening to hazel. Growth
rate on PSA is 80-100 mm/10 days (diam.). On SNA mac-
roconidia formed in orange sporodochia and small, slimy
droplets. Conidiogenous cells borne in clusters on irregu-
larly branching conidiophores with a single conidioge-
nous locus. Macroconidia 3-7 septate, 2080 x 3—6 ym,
curved, swollen in the middle, with pointed elongated
apical cell and distinctly pedicellate foot cell. Microconid-
ia absent, but sometimes 0—1 septate spores may be present
in young cultures. Thick-walled chlamydospores form-
ing abundantly.

This fungus is widely distributed mainly in soils of a
warm climate (ADLER & LEW 1995), but is also found in
temperate areas (WOLCAN et al. 1993). It occurs in soil
and in association with roots of many plants. F equiseti
may be a primary cause of disease such as root/foot/rhi-
zome rot, stem rot, postharvest fruit and vegetable rot, or
be part of disease complexes with other pathogens (LORI
et al. 1999).

Fusarium graminearum Schwabe (Fig. 6)

Colonies on PSA with floccose aerial mycelium, white,
darkening to greyish rose to dark vinaceous. Growth rate
is 40-70 mm/4 days (diam.). On SNA macroconidia are
usually present on the agar surface. Sporulation also oc-
curring from conidiogenous cells in the aerial mycelium.
Conidiogenous cells cylindrical/swollen, scattered singly
or borne apically on irregularly branching conidiophores.
Macroconidia mostly 5-6 septate, 45-65 x 3-5.5 pm, fal-

VOB
i

S

SNEET-TT

)

4. F. culmorum

5. F equiseti

6. F. graminearum

Fig. 4-6. Morphology of conidia and conidiophores of Fusarium spp. — according to BRAYFORD (1993); scale bar = 10 um
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cate or straight, with slighty curved dorsal surface, slight-
ly swollen in the middle, with distinctly protruding pedicel
on the foot cell, the apical cell tapering to a fine point.
Microconidia absent. Chlamydospores sparse or absent.

This fungus is common in warm climate regions (ME-
HROTRA et al. 1998) but also occurs in temperate regions
(WINDELS 2000). It is one of the economically most im-
portant species in the genus. F. graminearum is best known
as a pathogen of cereals, causing seedling blights, root,
foot, crown and stem rot, kernel and head blight (DILL-
MACKY & JONES 2000; REMLEIN-STAROSTA 1997,
SALAS et al. 1999; SCHAAFSMA 1995) and is commonly
seed borne.

Two groups have been delineated within F. graminea-
rum populations, differing in their pathological activity,
mating systems and subtly in their morphology (BURGESS
et al. 1975). Strains of group 1 are heterothallic and oc-
cur mostly in the soil, causing foot and crown rot diseas-
es, whereas strains of group 2 are homothallic and occur
on aerial parts of plants, causing scab symptoms on cere-
als (BALMAS er al. 1995). Recent data suggest that the
two groups are genetically more distinct than was expect-
ed previously (BURGESS et al. 1997). RAPD markers,
cluster analysis (UPGMA) and principal coordinate anal-
ysis indicated that members of group 2 of F. graminearum
have a greater genetic affinity to . culmorum and F. crook-
wellense than to those of group 1 of F. graminearum
(SCHILLING et al. 1994).

F graminearum produces the mycotoxins deoxynivale-
nol (vomitoxin, DON; 3-acetyl DON and 15-acetyl DON)
and zearalenone (ZEN). DON toxins appear very soon
(48 h) in spikelets of barley after inoculation with macro-
conidia (EVANS et al. 2000). The level of DON is proba-
bly not the most important factor of aggressiveness of F,
graminearum (MIEDANER et al. 2000). This contrasts with
some results that support the view that DON may act as a

virulence factor to enhance the spread of the fungus on
maize (HARRIS et al. 1999). Increasing temperature af-
fects significantly the production of DON and ZEN; nev-
ertheless, there is no correlation between fungus growth
and production of either DON or ZEN (RYU & BULLER-
MAN 1999).

Fusarium lateritium Nees (Fig. 7)

Colonies on PSA with floccose, white or pink aerial
mycelium, colonies of some strains with an irregular, lo-
bate margin. Colour of colony reverse varies between
strains, beige, brown, sometimes with orange or yellow
pigment. Growth rate on PSA is 20-40 mm/10 days
(diam.). On SNA pale sporodochia are formed. Conid-
iogenous cells cylindrical, borne in dense clusters on ir-
regularly branching conidiophores. Macroconidia 3-5
septate, 35-60 x 3.5—4 pm, cylindrical, hardly swollen in
the middle, straight or slightly curved, sometimes beaked,
papillate tip, basal cell with protruding pedicel. Microconid-
ia normally absent. Chlamydospores sparse or absent.

This fungus is known on herbaceous plants (CLARK et
al. 1990) and common on a wide range of woody host
substrates as a saprophyte or as a weak pathogen causing
seedling death, cankering or is associated with dieback
(ELLIS & ELLIS 1997; VAINA 2000). However, this spe-
cies is also considered as endophyte (neutral fungal sym-
biont) and is harboured by woody stems of many trees
and shrubs (D1X & WEBSTER 1995).

Fusarium moniliforme Sheld. (Fig. 8)
syn.: F. verticillioides (Sacc.) Nirenberg

Colonies on PSA with white or pink floccose aerial
mycelium and with dark purple pigment. Growth rate is
70-100 mm/10 days (diam.). Macroconidia on SNA (1-7
septate, 30—60 x 2-3.5 um, thick-walled, fusiform, straight
or slightly curved, with pointed apical cell and pedicel-
late foot cell) forming in slimy droplets in the aerial myce-
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7.F lateritium T 8. F. moniliforme —

Fig. 7-8. Morphology of conidia and co-
nidiophores of Fusarium spp. — according
to BRAYFORD (1993); scale bar = 10 um
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lium or in slimy sporodochia. Macroconidia arising from
conidiogenous cells borne apically on irregularly branch-
ing conidiophores. Microconidia 5-16 x 1,5-4,5 um, clav-
ate with rounded apex and tapering towards their flattened
base, successive spores adhering in long chains. Chlamy-
dospores absent.

This fungus is very common in warm climates (KHAN
et al. 1999; MACDONALD & CHAPMAN 1997), but was
also detected in the Subantarctic Region (LORI ef al.
1999). 1t causes stalk rot and head blight of cereals, espe-
cially maize and sorghum (CHULZE et al. 1995; IDREES
et al. 1999; MA ef al. 1998). It causes “bakanae” (abnor-
mal elongation) and foot rot of rice, causing up to 70%
losses in isolated rice fields, and air-borne microconidia
may infect rice at flowering (MANANDHAR 1999). F. mo-
niliforme also causes disease on a wide range of other
hosts, usually on the aerial parts of the plants rather than
in the soil. Very frequently is from poultry feeds and raw
materials (CASTELLA et al. 1995). Production of fumo-
nisins together with some other secondary metabolites
(e.g., fusaric acid, moniliformin) may play arole in patho-
genicity (JARDINE & LESLEY 1999).

Fusarium oxysporum Schlecht. (Fig. 9)

Colonies on PSA with white or pink, floccose aerial
mycelium (sometimes sparse and colonies adpressed and
slimy) and with pink, peach or dark purple pigment.
Growth rate is 80—-100 mm/10 days. Macroconidia 3-5
septate, 25-55 x 2.5-6 um, fusiform, curved with a ta-
pering, pointed, sometimes hooked, apical cell and dis-
tinctly pedicellate basal cell. Macroconidia arising from
short monophialides. In some strains macroconidia sparse.
Microconidia forming abundantly from short monophi-
alides similar to those forming macroconidia. Chlamy-
dospores forming abundantly. F. oxysporum lacks a known
teleomorph. Sequence analysis of the 285 rRNA gene
indicates that it is closely related to the section Liseola
(GUADET ef al. 1989; WAALWIIK et al. 1997a).

This fungus causes seedling blights, root and crown rots,
bulb and corm rots and vascular wilt diseases of a wide

Fig. 9. Morphology of conidia and conidiophores of Fusarium
oxysporum — according to BRAYFORD (1993); scale bar = 10 pm
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range of important crop plants in temperate regions and
in the tropics. However, soils also harbor large popula-
tions of nonpathogenic F, oxysporum (EDEL et al. 1997).
It may also act synergistically with nematodes and is a
part of disease complexes with other fungi, including other
Fusarium species. Saprophytic strains also occur in soil
and in close association with plant roots. When [ oxy-
sporum acts as a primary pathogen it can cause root/crown
rots, bulb rots or vascular wilt. Isolates which cause wilt
diseases are usually host specific and over 100 formae spe-
ciales and races have been described (Table 2) (BAAYEN
& WAALWLK 1997). This large diversity can arise by
mutations, transpositions and the parasexual cycle (LES-
LIE 1990). The genetic diversity within F. oxysporum has
been categorized on the background of vegetative com-
patibility grouping (VCG) within specialized forms (KIST-
LER 1997; KISTLER et al. 1998). Enormous local and regional
variation in populations of F. oxysporum was recognized
(APPEL & GORDON 1994). Extensive polymorphism of
F. oxysporum was found by RAPD-PCR and isozyme
analyses. Isolates could be distinguished from each other
by RAPD-PCR, but also by isozymes (PAAVANEN-HUH-
TALA et ¢l. 1999). The example of F. oxysporum f. sp.
cubense, causing Fusarium wilt (Panama disease), dem-
onstrated not only a large genetic variation, but also ge-
netic isolation suggesting that the pathogen had arisen
independently, within and outside of the center of origin
of the host (BENTLEY et al. 1998).

Fusarium pallidoroseum (Cooke) Sacc. (Fig. 10)
syn.: F. incarnatum (Roberge) Sacc., F. semitectum
Berk ef Rav., F. semitectum var. majus Wollenw.

Colonies on PSA with pink or honey floccose aerial
mycelium and peach or hazel color. Growth rate form 60
to 90 mm/10 days. On SNA two types of macroconidia
are formed, dry or slimy, Dry macroconidia (3-7 septate,
20-55 x 3—6.5 pum, fusiform, strait or slightly curved, with
pointed apex and conical basal cell) are formed in the
aerial mycelium, arising from polyblastic cells. Slimy
macroconidia (3-7 septate, 20-70 x 2.5-7 pm, curved,
fusiform) arising from cylindrical monophialides are
formed on the agar surface or in droplets in the aerial
mycelium. Chlamydospores present in mature colonies,
sparse to abundant, globose, single or in chains or clus-
ters.

The fungus is common in tropical and subtropical re-
gions on plant debris in soil and seeds (KHAN et al. 1999;
MEHROTRA et al. 1998). It may occur as a weak plant
pathogen causing seedling blights, root rot, stem rot, post-
harvest fruit rot on a wide range of plants (BRAYFORD
1993).

Fusarium poae (Peck) Wollenw. (Fig. 11)

Colonies on PSA with floccose white or pale pink aeri-
al mycelium and dark vinaceous to blood colour. Growth



Plant Protection Science — 2001

Vol. 37, No. 1: 2542

rate is 50-80 mm/4 days (diam.). Fresh strains on PSA
with a strong fruity odour. Macroconidia on SNA 2-5 sep-
tate, 20-65 x 4-9 pm, falcate, with pointed apex and pedi-
cellate foot cell; macroconidia sparse in many strains.
Microconidia mostly 0 septate, 6—12 x7—18 pm, globose
subglobose, with a small protruding abscission papilla.
Conidiogenous cells borne apically on branching conid-
iophores or sessile on vegetative mycelium, appearing
swollen — barrel shaped, with a single conidiogenous lo-
cus. Chlamydospores absent.

This species has little direct economic significance as a
plant pathogen and is considered as a weak pathogen of
cereals. However, some strains are highly toxigenic, pro-
ducing trichothecenes in contaminated cereal grain (BI-
LAI et al. 1983; PETTERSSON & OLVANG 1995), and
nivalenol, 15-acetoxyscirpenol and scirpentriol (SALAS
et al. 1999). F. poae is a common member of the cereal
grainmycoflora in temperate climates, but may infect leaves
at the seedling stage and the flag leaf (REMLEIN-STAROS-
TA 1997). It can be the causal agent of Fusarium head blight
(FHB) of barley, though to very limited extent (SALAS et
al. 1999). It is rare in the tropics. F. poae has a trichodiene
synthase gene with high sequence similarity to the Tox5
gene of F. sporotrichioides (HORNOK et al. 1997).

Fusarium solani (Martius) Sacc. (Fig. 12)

Colonies on PSA with floccose white or buff aerial
mycelium, sometimes becoming pale brown at the centre,
sometimes bluish pigment in rings. Growth rate is 70~
120 mm/10 days (diam.). Macroconidia initially forming
{rom scattered conidiogenous cells in the aerial mycelium,
later forming in slimy sporodochia on the agar surface, aris-

ing from shorter phialides aggregated on irregularly
branching conidiophores. Macroconidia 3—7 septate, 25—
50 x 4—6 pm, cylindrical to fusoid, curved, with bluntly
pointed or conical apical cell; foot cell wedge-shaped to
rounded, only slightly pedicellate. Microconidia abundant-
ly forming from erect, elongated conidiogenous cells and
accumulating in small slimy droplets. Microconidia 0-1
septate, 625 x 3—5 pm, ovoid or fusoid. Chlamydospores
present in mature cultures.

This fungus occurs in different ecological zones (SSE-
KYEWA et al. 1995) and causes disease of a wide range of
host plants, often acting as part of disease complexes with
other fungi, bacteria or nematodes. It may also saprophyt-
ically colonise, as a secondary invader (LORI ez al. 1999),
tissues killed by other pathogenic agents. As a primary
pathogen it causes diseases of seedlings, roots, crowns,
tubers or other undergrounds parts (NELSON et al. 1981),
A number of formae speciales have been described with-
in E solani (Table 2).

Fusarium sporotrichioides Sherb, (Fig. 13)

Colonies on PSA with floccose white or pale pink aeri-
al mycelium, colour of colony dark vinaceous or blood,
but pigment may be lost in degenerated isolates. Growth
rate is 50-85 mm/4 days (diam.). Macroconidia on SNA
(35 septate, 10-20 x 2.5-4 pm, falcate, with pointed api-
cal cell and pedicellate foot cell) arising in slimy drop-
lets, from cylindrical monophialides. Microconidia
pyriform, 0-1 septate, 5-15 x 4-8 pm and fusiform, 0-3
septate, 8—40 x 2.5-4 um. Conidiogenous cell polyblas-
tic. Chlamydospores usually abundant in mature cultures,
globose, in intercalary chains.

10. E pallidoroseum

11. F. poae

12. F, solani

Fig. 10-12. Morphology of conidia and conidiophores of Fusarium spp. — according to BRAYFORD (1993); scale bar = 10 ym
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This species occurs mainly in cool climatic regions rath-
er than in the tropics. It is found in soil, plant debris and
in association with roots, stem-bases and lower foliage
(LITTERICK & MCQUILKEN 1998). F. sporotrichioides
is considered as a weak pathogen (SEEMULLER 1968);
nevertheless, it can also cause Fusarium head blight (FHB)
on barley, though to a very limited extent (SALAS ef al.
1999). Strains of this species are often very toxigenic,
producing high amounts of trichothecenes (Table 3), in-
cluding T-2, HT-2, T-2 tetraol, DON and DAS (LO-
GRIECO et al. 1990; MARASAS et al. 1991; SALAS et al.
1999). F. sporotrichioides and F. acuminatum subsp. ar-
meniacum have been found to be genetically related, and
both species synthesize type A trichothecenes (ALTOMARE
et al. 1995).

Fusarium tricinctum (Corda) Sacc. (Fig. 14)

Colonies on PSA with floccose white or pale pink aeri-
al mycelium and dark vinaceous to blood pigment. Growth
rate is 30-50 mm/4 days (diam.). Macroconidia on SNA
(lunate with distinct toe-like pedicel on the basal cell)
sparse or developing only after 3-4 weeks incubation.
Microconidia 0-1 septate, 7-18 x 3,5-8 pm, pyriform
per limoniform. Conidiogenous cells cylindrical, form-
ing apicaily on irregularly branching conidiophores in the
aerial mycelium or on the agar surface. Chlamydospores
formed sparsely.

This species occurs in plant debris in soil (LITTERICK
& MCQUILKEN 1998) and is most common in cool cli-
mates. [t has little plant pathogenic ability (KLAASEN &
MARASAS 1998; SEEMULLER 1968), but can be a com-
mon contaminant of cereal grain (SHIPILOVA 1995). F
tricinctum and F. acuminatum subsp. acuminatum share

some similarities in morphological and cultural traits and
are able to synthesize enniatin and moniliformin, but not
trichothecenes. These taxonomic relationships were also
verified by isozyme analysis and RAPD assay (AL-
TOMARE et al. 1995).

CONCLUSIONS

The systematics of the genus Fusarium is rather com-
plicated. There are at least two main reasons for this: 1)
the taxonomic, and 2) the cultural plasticity of Fusarium
species (BRAYFORD 1993). The taxonomy of the genus
Fusarium, based on morphological characteristics, has
been a subject of controversy for many years (NELSON
1990). Until rather recently, Fusarium species have not
been widely used in genetic studies of variation between
and within populations (BURNETT 1984; WOO et al.
1998). This has changed over the last 10 years, and many
species have been subjected to genetic analysis (LESLIE
1990; WAALWIK et al. 1997a,b). For exact character-
ization it is possible to use different molecular techniques,
e.g., VCGs — vegetative compatibility systems (LESLIE
1993; KISTLER ef al. 1998; VILIOEN et al. 1997), RFLP
— restriction fragment length polymorphism (EDEL et al.
1995; FERNANDES et al. 1997; ROSEWICH ef al. 1999),
RAPD - random amplified polymorphic DNA (HERING
& NIRENBERG 1995; MULE ef al. 1995; MULE & LoO-
GRIECO 1997, O’ DONNEL et al. 1999), PCR — polymerase
chain reaction (BRAYFORD 1997; MOELLER et al. 1997,
VAN DER PLAS et al. 1995).

Some results of molecular taxonomy suggest that the
traditional grouping of the sections in some cases does
not correspond with genetical relations of Fusarium spe-

Fig. 13-14. Morphology of conidia
and conidiophores of Fusarium

13. FE sporotrichioides

36

14. F. tricinctum

spp. — according to BRAYFORD
(1993); scale bar = 10 um
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cies. However, it is certain that cooperation between clas-
sical taxonomists, workers applying new molecular tech-
niques in Fusarium research and geneticists is necessary
and useful for a more detailed understanding of the tax-
onomy of this genus. Recently, BURGESS er al. (1997)
stressed that there is a strong case for acceptance of spe-
cies and infra-species descriptions and taxonomic place-
ment on the basis of data from molecular techniques as
well as morphological and physiological criteria. How-
ever, as a critical is considered, that studies on genetic
diversity within and between populations of species must
be based on the analysis of a large number of cultures
originating from a wide range of substrates and geographic
areas. According to LESLIE (1997) genetic approaches to
problems in Fusarium have been limited. From this view-
point genetic standards in terms of both strains and termi-
nology are lacking. Their development would facilitate
comparisons of results from various laboratories.

Acknowledgements: Comments of Dr. J. NIELSEN (Win-
nipeg, Canada) are gratefully acknowledged.
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Souhrn

ZEMANKOVA M., LEBEDA A. (2001): Druhy rodu Fusarium, jejich taxonomie, variabilita a vyznam ve fytopatologii. Plant
Protect. Sci., 37: 25-42.

Fusarium Link (1809) je anamorfni rod s celosvétovym geografickym roziifenim a rozsdhlym stupném biodiverzity. Druhy rodu
Fusarium jsou b&Zné v plidé a byvaji nalézany na mnoha druzich cévnatych rostlin, Nékteré specializované druhy mohou para-
zitovat i na jinych houbéch nebo na hmyzu. V systému hub je rod Fusarium fazen do tiidy Hyphomycetes, oddéleni Deuteromy-
cotina. Teleomorfy jsou soucasti rodd Gibberella a Nectria, ¥adu Hypocreales (tfida Ascomycetes). Taxonomie rodu Fusarium
neni ustdlend a poet druhii i sekei je velmi riizny. V soudasnosti existuje n&kolik klasifikaénich systémil tohoto rodu. Druhy
rodu Fusarium byvaji nejvice studovany v souvislosti s jejich schopnosti zptisobovat choroby mnoha ekonomicky vyznamnych
plodin. Nékteré druhy produkuji mykotoxiny a jiné metabolity, které mohou byt kodlivé pro &lovéka i hospodatska zvitata. Je
znama rozsahld variabilita v patogenité a u mnoha Fusarium spp. jsou popsény specializované formy (£. sp.) a fyziologické rasy.

ey

V praci je shmut popis Etrndcti nejdiileZitgjsich piidnich a fytopatogennich druhii rodu Fusarium.

Kli¥ova slova: Fusarium spp.; taxonomie; klasifikace; morfologie; geografické roziifeni; toxiny; jiné metabolity; patologie
rosthn: formae speciales; rasy; ristové charakteristiky in vitro
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