
SUMMARY

Fusarium head blight (FHB) is an important disease
principally attacking wheat, barley and other grains world-
wide. Among the Fusarium species causing this disease,
the most common is Fusarium graminearum. F. avenaceum,
F. culmorum and F. poae are also responsible for FHB, but
are less often implicated. F. poae is a fungus of increasingly
recognized importance, which has been associated with
human and animal toxicoses as its strains produce auro-
fusarin, beauvericin, butenolide, culmorin, cyclonerodiol,
enniatins, fusarin, moniliformin, and trichothecenes of
types A and B. The extensive range of mycotoxin produc-
tion of this fungus requires particular attention because of
the toxicological problems it may elicit. Moreover, as the
profiles of grain contaminants caused by FHB seem to be
related to different environmental conditions, multiple
evaluations using data collected from a large range of sites
with different climatic conditions, would be extremely
useful. The aim of the present review is to highlight the
importance of F. poae in the FHB complex. 

Key words: Fusarium poae, crops and food protec-
tion, toxicological implications, mycotoxins.

INTRODUCTION

Fusarium head blight (FHB) is an important and in-
sidious disease which attacks wheat, barley and other
grains worldwide, especially in humid and semi-humid
areas (Schroeder and Christensen, 1963). FHB is a pre-
harvest disease, but Fusarium species can grow in post-
harvest if grain is not dried properly. FHB reduces ker-
nel weight, thus grain yield. The germination rate and
seedling vigour are also reduced when the seeds are in-
fected. Fusarium species digest proteins and starch and
the use of infected kernels generates technical problems
for bread production (Betchel et al., 1985). 
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FHB infection causes important economic losses
wherever cereal crops are grown. For example, in Ar-
gentina, during the last 60 years, several epidemics of
varying severities of FHB have occurred in the central-
north wheat production area, where yield losses were
estimated to average between 20 and 50%. In China,
FHB has affected more than 7 million hectares of wheat
and has caused yield losses of more than 1 million tons
when epidemics were severe (Leonard and Bushnell,
2003). In the USA, the estimated yield losses of barley
due to FHB was 70 million tons in the epidemics of
1993 alone, and in the Northern Great Plains and Cen-
tral US, the direct and secondary economic losses due
to FHB for all crops were estimated to amount to $2.7
billions from 1998 to 2002 (McMullen et al., 1997;
Nganje et al., 2002; Leonard and Bushnell, 2003).

FHB can also cause indirect losses because Fusarium
species produce mycotoxins, such as vomitoxin (de-
oxynivalenol, DON) (Bai et al., 2001). DON contami-
nation is important for food safety and can be carried to
the beer through the brewing process (Schwarz et al.,
1995; Wolf-Hall and Schwarz, 2002). A number of re-
views are available on the importance of Fusarium tox-
ins associated with human and animal toxicoses (D’Mel-
lo et al., 1999; Placinta et al., 1999; Bottalico and Per-
rone, 2002; Gutleb et al., 2002; Logrieco et al., 2002;
Speijers and Speijers, 2004; Desjardins, 2006).

The importance of Fusarium species causing FHB to
cereal grains has increased especially in temperate re-
gions and creates great economical problems (Parry et
al., 1995; Langseth et al., 1999; Placinta et al., 1999).
More than 17 Fusarium species associated with FHB
have been isolated from naturally infected wheat or bar-
ley spikes (Parry et al., 1995; Leonard and Bushnell,
2003). F. graminearum (teleomorph Gibberella zeae) is
the most frequently encountered and the most virulent
species worldwide, although F. avenaceum (teleomorph
G. avenacea), F. culmorum (teleomorph not known) and
F. poae (teleomorph not known) are reported to prevail
in some European and North and South-American
countries (Leonard and Bushnell, 2003; Barreto et al.,
2004; Bourdages et al., 2006). In different cereal surveys
from Argentina, Austria, Canada, England, Germany,
Hungary, Ireland, Poland, Slovakia, Switzerland, and
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Wales, F. poae was among the most frequently isolated
FHB pathogen (Mauler-Machnik and Suty, 1997;
Birzele et al., 2002; Logrieco et al., 2002; Gunst et al.,
2005; Rohácik and Hudec, 2005; Xu et al., 2005;
Bourdages et al., 2006; González et al., 2008; Stenglein
et al., 2008a).

In general terms, F. poae is a relatively weak pathogen
compared with F. graminearum and F. culmorum, but it
produces a large number of mycotoxins, including tri-
chothecenes of type A and B, beauvericin and enniatins.
The increasing worldwide concern about food safety
has enhanced interest in fungal infections and subse-
quent mycotoxin production in food products, and a
frequent contamination of grain-based foods with
Fusarium toxins was reported (Lombaert et al., 2003;
Schollenberger et al., 2007). Thus, there is great need of
investigating Fusarium species considered of ‘secondary’
importance in the induction of FHB, as in the case of F.
poae.

FUSARIUM POAE MYCOTOXINS

Mycotoxins are produced mainly by five fungal gen-
era, i.e. Alternaria, Aspergillus, Claviceps, Fusarium and

Penicillium (Steyn, 1995), for which they are considered
as compounds of secondary importance (Desjardins,
2006). Mycotoxin patterns and amounts produced by a
certain fungal strain vary from year to year and depend
on different factors including crop species as well as cli-
matic and storage conditions (Placinta et al., 1999). Un-
like several man-made chemicals, mycotoxins are natu-
ral toxins and cannot be completely eliminated from the
food supply. The occurrence of mycotoxins in cereal
grains, particularly in wheat and barley, is of great con-
cern worldwide because their presence in processed
feeds and food seems unavoidable. 

The synthesis of two or more mycotoxins is a com-
mon feature of many Fusarium species, such as F. poae.
Trichothecenes have been considered the Fusarium tox-
ins most frequently associated with human and animal
toxicoses. The distinctive chemical features of these
molecules distinguish four types or subclasses, but only
type A and B are produced by Fusarium species and
seem to be of interest for cultivated crops (Gutleb et
al., 2002). F. poae can produce trichothecene type A
and B (Table 1). Trichothecenes inhibit both mitochon-
drial function and protein synthesis in vitro and in vivo
(Oldham et al., 1980; Rosenstein and Lafarge-
Frayssinet, 1983). Immunosuppressing effects are ex-
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Table 1. Selected trichothecenes of Fusarium poae. R= oxygenation and esterification; OAc= acetyl ester.

Trichothecene R1 R2 R3 R4 R5 References
Monoacetoxyscirpenol
(MAS)

OH OH OAc H H Chelkowski et al. (1994); Thrane
et al. (2004); Vogelgsang et al.
(2008a, 2008b)

Diacetoxyscirpenol (DAS) OH OAc OAc H H Sugiura et al. (1993); Chelkowski
et al. (1994); Thrane et al. (2004);
Vogelgsang et al. (2008a)

Triacetoxyscirpenol
(TAS)

OAc OAc OAc H H Lauren et al. (1992); Liu et al.
(1998)

Neosolaniol
(NEO)

OH OAC OAc H OH Liu et al. (1998); Thrane et al.
(2004); Vogelgsang et al. (2008a)

Scirpentriol
(SCR)

OH OH OH H H Sugiura et al. (1993); Langseth et
al. (1999); Salas et al. (1999);
Thrane et al. (2004)

T-2 toxin
(T-2)

OH OAc OAc H OCOCH2CH(CH3)2 Thrane et al. (2004)

HT-2 toxin
(HT-2)

OH OH OAc H OCOCH2CH(CH3)2 Thrane et al. (2004)

T-2 tetraol
(T-2 TE)

OH OH OH H OH Thrane et al. (2004)

Fusarenone-X (FUS/FX) OH OAc OH OH =O Chelkowski et al. (1994); Thrane
et al. (2004); Jestoi et al. (2008);
Vogelgsang et al. (2008a)

Deoxynivalenol (DON) OH H OH OH =O Abramson et al. (1993); Salas et al.
(1999); Jestoi et al. (2008)

Nivalenol
(NIV)

OH OH OH OH =O Sugiura et al. (1993); Liu et al.
(1998); Langseth et al. (1999);
Salas et al. (1999); Thrane et al.
(2004); Jestoi et al. (2008);
Vogelgsang et al. (2008a, 2008b)
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pressed at concentrations lower than those found in
epiphytotics, and may have influence on secondary dis-
eases (Johannisson et al., 1999; Bereck et al., 2001).
The typical symptom for acute, high dosage tri-
chothecene ingestion is vomiting and food refusal
(Williams et al., 1989). Anorexia, emesis, oral and gas-
tro-intestinal lesions, ill-thrift, renal lesions, among the
others, are also common effects of thrichothecene-in-
duced toxicoses to human and/or animals. Type A tri-
chothecenes such as T-2 toxin, HT-2 toxin, neosolaniol
(NEO) and diacetoxyscirpenol (DAS) are more acutely
toxic than type B trichothecenes such as DON,
fusarenone-X (FX) and nivalenol (NIV) (Rotter et al.,
1996; Desjardins, 2006). 

F. poae is reported to produce beauvericin (BEA), en-
niatin (ENNs) and fusarin (Chelkowski et al., 2007; De
Nijs et al., 1996a; Thrane et al., 2004). BEA is a specific
cholesterol acyltransferase inhibitor (Tomoda et al.,
1992; Namatame et al., 2004) that induces programmed
cell death, accompanied by internucleosomal DNA
fragmentation, and it is a potent channel-forming mole-
cule inducing pores in biological membranes (Ojcious
et al., 1991; Lemmens-Gruber et al., 2000). BEA has
been found associated with infection by F. poae in Nor-
wegian and Finnish cereal grain samples (Jestoi et al.,
2004; Uhlig et al., 2006) and enniatin A, B and B1 along
with BEA have been reported in maize kernels infected
by F. poae (Chelkowski et al., 2007). However, enniatins
seem to exert low to moderate toxic effects in human
diseases (Desjardins and Proctor, 2007). 

Recently, Jestoi et al. (2008) have reported that in vit-
ro conditions one Finnish F. poae strain produces monil-
iformin (MON), a small ionic molecule that occurs as
potassium or sodium salt. MON inhibits mitochondrial
oxidation (Thiel, 1978; Gathercole et al., 1986), and it is
thought to cause intestinal problems and immunosup-
pression (Abbas et al., 1990; Li et al., 2000).

Other metabolites produced by F. poae strains are au-
rofusarin (a naphtoquinone), butenolide, culmorin and
cyclonerodiol (Thrane et al., 2004; Desjardins, 2006).
Naphthoquinones have a broad range of toxicity to mi-
crobes and animals (Medentsev and Akimenko, 1998)
but butenolide is moderately toxic to mice (Yates et al.,
1969) and culmorin has low toxicity (Desjardins, 2006).
The toxicity of cyclonerodiol has not been determined
(Savard and Blackwell, 1994).

A high incidence of Fusarium toxins in cereals has fre-
quently been reported and their presence in grain-based
foods has been confirmed in a variety of commodities in-
cluding the main components of wheat-based foodstuffs,
corn and barley products (Schollenberger et al., 2002,
2005). For example, 60 samples of grain-based food,
pseudocereals and gluten-free food were positive for at
least one of DON, NIV, T-2, HT-2, T-2 tetraol and zear-
alenone (Schollenberger et al., 2005). 

Differences in toxin amounts in foods could be relat-

ed to environmental factors. The age of cultures, the
culture substrate, and the incubation temperature seem
to be of importance to this effect (Richardson et al.,
1989; Park and Chu, 1993; Liu et al., 1998; Vogelgsang
et al., 2008a). Recently, Vogelgsang et al. (2008a) have
reported highly pronounced substrate effects, especially
for thrichothecene production by F. poae. Under field
conditions, factors such as agricultural practices, plant
varieties, geographical differences may influence myco-
toxin production. A significant correlation has been
found in Finnish barley between the amount of F. poae
DNA and NIV levels (Yli-Mattila et al., 2004b, 2008),
and between F. poae and NIV and MAS in wheat in
Switzerland (Vogelgsang et al., 2008b), although in four
European countries (UK, Hungary, Ireland and Italy)
only small amounts of NIV were related with F. poae
DNA alone (Xu et al., 2008b). The lack of correlation
between NIV and F. poae DNA in these four countries
(Xu et al., 2008b) may be connected to the low NIV lev-
els found in wheat samples (0-70 ppb) as compared
with those found by Yli-Mattila et al. (2008) in barley
(0-6000 ppb) and Vogelgsang et al. (2008b) in wheat
(60-1500 ppb). Moreover, it has been suggested that the
production of multiple mycotoxins by a single strain is
the rule rather than the exception (Richardson et al.,
1989). The F. poae isolate BBA 64810 produces NIV,
FX, 15-MAS, DAS, SCR, BEA and the isolate IBT 9924
produces NIV, FX, 15-MAS, DAS, SCR, T-2, HT-2
(Thrane et al., 2004). In general, the main tri-
chothecenes produced by F. poae are NIV, DON and
FX (type B), and MAS, DAS and SCR (type A) (Table
1). Among the other mycotoxins, BEA appears as the
most frequent. The data on metabolite production show
that only a few strains of F. poae can produce T-2, HT-2
and/or T-2 TE. These toxins were mainly produced by
F. sporotrichioides and F. langsethiae (the latter species is
very similar morphologically to F. poae), and supports
the idea that contamination with these mycotoxins is
predominantly due to these two Fusarium species (see
Taxonomy and Morphological Characteristics section).

In the last years and with the identification of the
DNA sequences involved in the biosynthesis of myco-
toxins, PCR assays have been developed for the con-
served Tri5 and Tri6 genes of Fusarium species, with the
potential to produce trichothecenes (Schnerr et al.,
2001; Bluhm et al., 2002; Edwards et al., 2002; Nichol-
son et al., 2004; Niessen et al., 2004). Nicholson et al.
(2004), have used PCR to detect producers of tri-
chothecenes A and B, based on the Tri4 gene. Although
most attention is paid to trichothecene mycotoxins, a
number of other such compounds, including enniatins,
are of significance with respect to diseases of grain cere-
als. Kulik et al. (2007) developed a valuable PCR assay
based on the esyn1 gene, encoding the multifunctional
enzyme enniatin synthetase, for the detection of poten-
tial enniatin-producing FHB species, including F. poae. 
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If a single F. poae strains can produce a high range of
mycotoxins as mentioned above, the possibility exists
that cereal grains and animal feeds may be subject to
multiple mycotoxin contamination produced by a single
fungal isolate. Thus, not only the correct identification
of F. poae, but also the correct identification and quan-
tification of the mycotoxins on cereal grains are needed,
so as to obtain a precise picture of the toxicological
risks posed by this specific pathogen. Therefore, PCR
could be one of the tools to detect the presence and es-
timate the amount of specific trichothecenes, such as
DON, NIV, MAS, DAS, T-2, HT-2, and/or chemotypes
of F. poae in different areas and grains around the
world. Probably this tool may be of help for mycotoxin
studies in several specific regions.

TAXONOMY, MORPHOLOGICAL CHARACTERISTICS
AND THE USE OF DNA TECHNOLOGIES

Identification of Fusarium species is difficult due to
the great variations in morphological and cultural char-
acteristics, such as colony morphology, pigmentation,
growth rate, presence or absence of macro and/or mi-
croconidia and their shape, presence or absence of
chlamydospores, presence or absence of sclerotia or
sporodochia (Windels, 1991; Nelson et al., 1983).

F. poae (Peck) Wollenweber (syn. F. tricinctum Corda
emend. Snyd. & Hans.), was first described in 1902 as
Sporotrichum poae by C. H. Peck and was transferred to
the genus Fusarium by H. W. Wollenweber in 1913
(Booth, 1971; Nelson et al., 1983; Leslie and Summerell,
2006). F. poae belongs to the section Sporotrichiella,
which comprises other species such as F. tricinctum
(Corda) Sacc., F. sporotrichioides Sherb and F. chlamy-
dosporum Wollenw & Reinking.

In potato dextrose agar (PDA), F. poae produces a
dense aerial mycelium, white to pink in colour that may
turn reddish-brown as the culture ages. The colour of
the colony underside may vary from white to yellow to
deep carmine red. F. poae develops clusters of short
branched and unbranched monophialides (5-18 µm).
Microconidia are abundant, globose or oval to piriform,
0-1 septate, 5-10 × 5-8 µm. Macroconidia are rare, typi-
cally sickle-shaped, 2-5 septate, 18-38 × 3.5-7 µm in size
and have a foot-shaped basal cell (Booth, 1971; Nelson
et al., 1983; Desjardins, 2006; Leslie and Summerell,
2006). In heterothallic Fusarium species, mating type is
controlled by a single locus with two idiomorphic alle-
les, termed MAT-1 and MAT-2 (Kerènyi et al., 2004;
Leslie and Summerell, 2006). Although both MAT-1
and MAT-2 mating types occur and are transcribed in F.
poae (Kerènyi et al., 2004), the teleomorph is not
known. The fungus is stable in culture and sometimes
produces a characteristic fruity aroma similar to amyl-
acetate. 

As mentioned, the abundant production of globose
microconidia places F. poae in the section Sporotrichiella
of Wollenweber and Reinking (Nelson et al., 1983).
Sometimes, the rapid growth of the dense aerial myceli-
um and the carmine red underside colour of the colonies
make this fungus to resemble Fusarium species in the
sections Arthrosporiella, Roseum and Discolor (Nelson
et al., 1983). The absence of polyphialides and chlamy-
dospores (sometimes thickened portions of hyphae re-
semble chlamydospores) distinguishes F. poae from F.
sporotrichioides and F. chlamydosporum, and the distinc-
tive phialides of F. poae differentiate it from F. tricinctum
(Nelson et al., 1983; Leslie and Summerell, 2006).

Although strains of F. poae do not usually synthesize
trichothecenes T-2, HT-2 and NEO (Torp and Langseth,
1999), some authors have reported accumulation of these
toxins by certain F. poae strains (Sugiura et al., 1993;
Abramson et al., 1993). A group of Fusarium strains that
are similar in morphology to F. poae, but with an impor-
tant accumulation of T-2 and HT-2 toxins, have been iso-
lated from cereal grains in Norway (Kosiak et al., 1997;
Langseth and Rundberget, 1999). Recently, based on
morphological observations, sequences of the internal
transcribed spacer (ITS), intergenic spacer region (IGS),
part of the b-tubulin (tub1) gene, and translation elonga-
tion factor 1a (EF-1a), this “powdery” variant of F. poae
was identified as F. langsethiae, a species more closely re-
lated to F. sporotrichioides and F. chlamydosporum than F.
poae (Knutsen et al., 2004; Torp and Nirenberg, 2004;
Wilson et al., 2004; Yli-Mattila et al., 2004a). However,
Thrane et al. (2004) have shown that some strains of F.
poae sensu stricto can produce T-2 and HT-2. 

According to the phylogenetic analyses made by
Kristensen et al. (2005) based on partial EF-1a se-
quences and the relationship of the species with respect
to mycotoxin production, incongruent results with the
existing classification have been found. A major clade
corrersponding to Fusarium species capable of produc-
ing trichothecene A and B, but not zearalenone, in-
cludes two clades, one comprising F. sporotrichioides
and F. langsethiae (section Sporotrichiella, which are
typically type A producers), and the other comprising a
larger monophyletic group with F. kyushuense (un-
known section), F. sambucinum (section Discolor), F. ve-
nenatum (Discolor) and F. poae (Sporotrichiella). Simi-
lar results were reported by O´Donell et al. (1998)
based on 28S ribosomal DNA, ITS and b-tubulin se-
quences, remarking the importance of studying the evo-
lution of mycotoxins within a phylogenetic context.

Traditional diagnostic methods for detection and
identification of Fusarium species can often be inade-
quate to distinguish between species having similar
morphological characteristics, such as F. poae and F.
langsethiae. PCR offers a sensitive, rapid and potentially
specific means for the identification of the major
pathogens associated with FHB, and good examples of
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this are the works of Parry and Nicholson (1996), Kon-
stantinova and Yli-Mattila (2004) and Jurado et al.
(2005), where the authors describe specific PCR assays
to identify F. poae and other trichothecene-producing
Fusarium species. On the other hand, quantitative tools
(qPCR) including TaqMan qPCR and multiplex qPCR,
facilitate studies in population dynamics of individual
Fusarium species in field conditions. Recently, different
reports have monitored the accumulation of Fusarium
DNA on grains and the associated mycotoxins (Waal-
wijk et al., 2004; Xu et al., 2008b; Yli-Mattila et al.,
2008). Although the presence of a particular FHB
pathogen and the amount of its DNA and associated
mycotoxins could vary among different samples at dif-
ferent sites, a correlation was found between F. poae
DNA level and NIV and ENNs in barley (Yli-Mattila et
al., 2008). 

Other specific DNA technologies, i.e. microarray
(Kristensen et al., 2007) and a multilocus genotyping
(MLGT) assay (Ward et al., 2008) have been recently
developed for Fusarium identification. The first technol-
ogy, based on EF-1a sequences, allows a rapid and easy
detection and identification of the most common tri-
chothecene- and moniliformin-producing Fusarium
species (Kristensen et al., 2007). The other, is a MLGT
multiplex assay, where PCR products serve as template
for allele-specific primer extension (ASPE) reactions us-
ing species and chemotype-specific probes, and are de-
tected using a Luminex cytometer (Ward et al., 2008).

GEOGRAPHICAL DISTRIBUTION

Several researchers have reported the occurrence and
pointed out the increased importance of F. poae in differ-
ent areas of the world. Among the Fusarium isolates asso-
ciated with FHB in Manitoba, Canada, in 1993 and 1994,
up to 34% of the barley isolates and up to 75% of the oat
isolates were identified as F. poae. Of 144 barley seed
samples coming from 12 administrative regions of Que-
bec in 2000, 2001, and 2002, F. graminearum was the
most common, and accounted for approximately 40% of
the infected seed lots in each of the three years, but F.
poae, was the second most abundant species in 2000 and
2002 (Bourdages et al., 2006). Moreover, F. graminearum
was the most common species in the three regions locat-
ed in the south of the St. Lawrence river, whereas F. poae
predominated in the two regions located on the north
shore of the same river (Bourdages et al., 2006). 

In north-western and eastern European countries,
the most common Fusarium species involved in FHB
are F. graminearum and F. culmorum, with an increasing
occurrence of F. poae and F. avenaceum, but the pre-
dominance of one or the other species depends on the
country investigated (Lacincowa and Kiecana, 1991; De
Nijs et al., 1996b; Perkowski et al., 1997). In Germany

and Austria, F. graminearum, F. culmorum and F ave-
naceum were described as the major species, with an in-
creasing frequency of F. poae (Mauler-Machnik and Su-
ty, 1997; Birzele et al., 2002). Fusarium species predomi-
nantly found in French cereal samples were F. gramin-
earum, F. poae and F. avenaceum in 2000, 2001 and
2002. However, the incidence of F. poae seems to have
increased tremendously in France compared to previous
studies (Ioos et al., 2004). F. poae is one of the most fre-
quent Fusarium species isolated from Finnish, Japanese,
Norwegian and Swedish grain samples (Sugiura et al.,
1993; Petterson et al., 1995; Liu et al., 1998; Yli-Mattila
et al., 2008). Furthermore, the high incidence of F. poae
in cereal samples was associated with NIV contamina-
tion in Japan, North America, Sweeden and Finland
(Sugiura et al., 1993; Petterson et al., 1995; Salas et al.,
1999; Yli-Mattila et al., 2008a).

F. poae was the predominant Fusarium species isolat-
ed in England and Wales in 1989 and 1990, and in
Poland in 1997 (Logrieco et al., 2002). Moreover, it was
the most common species found in England, Ireland and
Hungary in 2001 and 2002 (Xu et al., 2005), and both F.
graminearum and F. poae, were the most frequent species
found in wheat samples in 2004 harvested in nine loca-
tions of the northern Buenos Aires province, Argentina
(González et al., 2008). In Slovakia, F. poae was con-
firmed as the prevailing species in all surveyed places in
four-year observations (Rohácik and Hudec, 2005).
These authors reported that the highest incidence of F.
poae corresponds to its density in warm places. In colder
and moister places, F. poae frequency is high but its den-
sity is lower by comparison with warmer areas suggest-
ing that this fungus is more adaptable to agro-environ-
mental conditions during grain formation than to other
Fusarium species, such as F. graminearum and F. culmo-
rum (Rohácik and Hudec, 2005). Furthermore, in a
long-term Swiss trial where bio-dynamic, bio-organic
and conventional farming systems were compared, F.
poae was the most common Fusarium species (Gunst et
al., 2005). However, Fusarium populations can fluctuate
greatly within and between cropping seasons (Bateman
and Murray, 2001). Consequently, the incidence of a
Fusarium species may vary from one year to the next and
from one region to another. 

Although the environment is known to play a major
role in the development of FHB, this relationship is
complex and only partially understood (Xu, 2003). The
distribution and predominance of a Fusarium species in
a region is thought to be determined by climatic factors
(e.g. temperature), competition among Fusarium
species, use of fertilizer, cropping sequence and prac-
tices, and vegetation type (Snyder and Nash, 1968; Nel-
son et al., 1981; Saremi et al., 1999; Doohan et al.,
2003). In general, F. graminearum is favoured by
warmer weather, whereas F. culmorum, F. poae and F.
avenaceum are more adapted to cooler regions (Doohan
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et al., 2003). However, Xu et al. (2008a), associated F.
poae with relatively drier and warmer conditions,
whereas F. graminearum was associated with warmer/ 
humid conditions, and F. avenaceum and F. culmorum
were both associated with cooler/wet/humid niches. Al-
though geographic generalizations exist, annual varia-
tions in weather conditions and/or other factors previ-
ously cited influence the relative abundance of the dif-
ferent Fusarium species. Therefore, more investigations
are required to determine direct and indirect effects of
climatic conditions on F. poae incidence.

EPIDEMIOLOGY

Host-pathogen relationships are controlled by the
genome of both parties, their interaction, and the envi-
ronment. Year by year any given environment is likely to
affect pathogen growth and reproduction, which is di-
rectly related to the different parasitic strategies that, in
turn, may affect the genetics and epidemiology of the dis-
ease (Burdon, 1993). Whether the environmental condi-
tions have been favourable for colonization, infection and
growth of the pathogen on a given crop will be deter-
mined by the plant and pathogen genomes. Such interac-
tions at the cellular and molecular levels are of great rele-
vance for a better understanding of the processes in-
volved in disease development. This knowledge may lead
to a more rational and effective control of the disease.

Most epidemiological studies on FHB have focused
on F. graminearum as the key pathogen. Unlike F.
graminearum, F. poae is not known to produce as-
cospores (teleomorph) but it produces asexual spores,
which are the main mode of dispersal. The conidia of
Fusarium species are dispersed either by wind or rain-
splashes (Jenkinson and Parry, 1994; Fernando et al.,
1997). Although F. poae spores are frequently dissemi-
nated by the wind, their dispersal has not been quanti-
fied. It might be of major interest to establish the dis-
persal gradient of conidia from a source such as dis-
eased plants and infested stubble. 

After wind, the second most important factor for
fungal disease dissemination is splash dispersal of coni-
dia (Madden, 1992). For instance, Rossi et al. (2002)
showed that rain is the most important agent of Fusari-
um dispersal, and Hörberg (2002) proved that splash
dispersal of F. poae and F. culmorum macroconidia have
an essentially identical patterns. In studies with infected
straw as source of F. poae inoculum, macroconidia were
found at a maximum vertical height of 58 cm and a
maximum horizontal distance of 70 cm (Hörberg,
2002). It would also be interesting to investigate the
splash dispersal pattern of F. poae microconidia.

The site of contact between a pathogen and a host
cell is known as the host-pathogen interface (Lucas,
1998). Factors influencing fungal spores adhesion and

germination are of high significance and among them,
humidity and temperature are the most relevant. Coni-
dia infect ears of wheat and barley mainly during a short
period of high susceptibility during anthesis (Bai and
Shaner, 1996). F. poae colonizes ears of both these cere-
als, prior to emergence from the boot. This early colo-
nization may predispose the ears to subsequent infec-
tion by other Fusarium species (Sturz and Johnston,
1983). Successful infection depends on many factors in-
cluding, among others, temperature (Brennan et al.,
2005), humidity (Doohan et al., 2003), light intensity
and nitrogen fertilization (Doohan et al., 2003). Howev-
er, the availability of moisture is the overriding factor
(Lacey et al., 1999). In the grains, Fusarium species ef-
fectively invade the lemma, glume, palea and ovary
through penetration pegs. During the intercellular and
intracellular spreading of F. culmorum, marked alter-
ations in the host tissues develop, including degenera-
tion of the cytoplasm, cell organelles and plasmalemma.
Enzyme and mycotoxin production are usually involved
in this process (Kang and Buchenauer, 2002). The
routes by which conidia of F. poae penetrate the ears are
not clearly understood. Moreover, since the host-
pathogen interface is crucial to understand the complex
nature of host-pathogen interactions, where molecular
communications occur, this process needs to be studied
in detail, because it is not only the site but also the mo-
ment where the events involved in recognition may re-
sult in a susceptible or resistance response to infection.

The list of species to which a given pathogen can pro-
voke disease defines the host range (Dinoor, 1974). Iso-
lated fungi may be pathogenic to different plants but may
have not been tested for pathogenicity on the host of in-
terest. In fact, alternative hosts may be sources of
pathogen populations with unknown pathogenic capacity
to agricultural hosts. This is significant, because collateral
hosts of F. poae could play an important role as an inocu-
lum source. F. poae hosts include alfalfa, barley, bent
grasses, corn, fescues, Kentucky bluegrass, oat, rice, soy-
bean, sunflower, timothy, wheat (Booth, 1971), tomato
(Stenglein et al., 2008b), among others. On these species,
reported disease symptoms include aborted seeds, bud,
cob, crown and root rotting, head blight, necrotic lesions
of the glumes, silver top, white head, and wilt (Farr et al.,
1989; Martens et al., 1994; Wiese, 1998). 

The optimal conditions for disease development vary
depending upon the species, inoculum type and viru-
lence, and the affected tissue (Sutton, 1982; Parry et al.,
1995; Bateman and Murray, 2001). For wheat, wetness
periods of at least 24 h and temperatures above 15°C are
required for significant infection of heads by F. gramin-
earum, F. culmorum, F. poae and F. avenaceum. The opti-
mal temperature for infection is 25°C (Parry et al., 1995).

Goswami and Kistler (2005) analyzed 31 strains, be-
longing to eight species of the F. graminearum complex
and originating from diverse hosts or substrates, for dif-
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ferences in aggressiveness and mycotoxin production.
They found that variation in both parameters were
strain-specific rather than species-specific. While patho-
genicity was not influenced by the type of mycotoxin
produced, a significant correlation was observed be-
tween the amount of the dominant thrichothecene
(DON or NIV) produced by each strain and its level of
aggressiveness on wheat (Goswami and Kistler, 2005).
Both chemotypes have been observed within F. culmo-
rum and the aggressiveness of DON chemotypes was
found to be generally greater than that of NIV chemo-
types against both wheat and rye (Muthomi et al.,
2000). In contrast to F. graminearum and F. culmorum,
F. poae has a relatively weak pathogenicity towards
plants (Wong et al., 1992; Fernandez and Chen, 2005;
Xu et al., 2007). However, Brennan et al. (2007) identi-
fied one isolate of F. poae that was as aggressive as F. cul-
morum and F. graminearum as to the effect on the yield
in FHB experiments on wheat cultivars. These authors
observed that the fungal content of grains was very low
likely because F. poae predominates in the glumes rather
than in the kernels (Doohan et al., 1998). The higher
yield loss caused by this F. poae strain was correlated
with the higher NIV production compared with other
strains of the fungus (Brennan et al., 2007), which is in
accordance with the high correlation of NIV and/or
MAS trichothecenes concentrations with disease symp-
toms found by Vogelgsang et al. (2008b). However, it is
not known in detail if NIV and/or other trichothecenes
act as pathogenic factors with F. poae. 

If breeders want to find resistance to F. poae, patho-
genic variation and the identification of resistant plant
genes should be well understood. Biological and molec-
ular studies are needed to know more about the mecha-
nisms of interaction that operate in this pathosystem.
Moreover, the lack of clearly visible symptoms on the
plants after infection and the presence of F. poae in
symptomless commercial grains constitute a potential
health risk.

CONCLUDING REMARKS AND FUTURE PROSPECTS

F. poae is a fungus of increasingly recognized impor-
tance, mainly because of its evident toxicological
weaponry. Despite the global importance of this
pathogen, principally attacking cereals, there are little
documented studies. Much work remains to be done for
a better understanding of the population dynamics of
this fungus, and important questions remain unanswered
to what extent different research approaches will pro-
vide solutions to its control. A better understanding is al-
so necessary of how climate change, conservation tillage,
genetic diversity of crop plants, pesticides use, and other
factors can impact on the interaction of F. poae with
crops and other Fusarium species and their associated

mycotoxin(s). We also need more information on F. poae
variability on a worldwide basis for a better understand-
ing of how this species has coevolved with crop plants.
Knowledge of spatial and temporal relations and on fun-
gal population biology could have an impact on phy-
tosanitary and cultural control measures. 

Although the available information and investiga-
tions of FHB resistance are focused on F. graminearum,
molecular studies of F. poae pathogenicity are needed to
know about the pathways involved in plant resistance/
susceptibility and mycotoxin accumulation. A robust
and reproducible bioassay system that will permit these
studies has been established between F. graminearum
and Arabidopsis (Chen et al., 2006). Moreover, the com-
plete sequencing of F. graminearum genome has allowed
the identification of distinct regions of high diversity.
Cuomo et al. (2007) have found that these regions are
rich with infection-related genes, which may allow this
fungus to adapt rapidly to changing environments or
hosts. The availability of this genomic resource will al-
low the comparative analysis of F. graminearum and F.
poae, for understanding the evolution of gene clusters.

The possible exposure of human and animal health
to mycotoxins risks demands regular testing of food and
feed. In the future, special attention should be paid to
the level of grain contamination by F. poae strains. The
development of qPCR assays will assist in correlating
the range and the amount of toxin(s) present in a specif-
ic grain sample with the amount of F. poae. Because F.
poae synthesises a broad range of trichothecenes and
other important toxins, it might be possible in a few
year time to develop easy and fast tools for the specific
identification and quantification of mycotoxins pro-
duced by this pathogen, specifically for toxicological
risks related to grain consumption. 
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