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SHORT NOTES

Survey of the main causal agents of fusarium head blight of durum wheat
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Summary. Several Fusarium species and Microdochium nivale are involved in fusarium head blight (FHB),
which in Italy has been constantly present on wheat since 1995. This study was carried out from 1995 to 2007
on FHB-infected durum wheat heads collected in the Bologna countryside, Emilia-Romagna, northern Italy.
The most frequent Fusarium species found were: Fusarium graminearum (32.1%), F. culmorum (25.2%) and
F. poae (17.8%), while F. avenaceum and M. nivale occurred discontinuously. Other Fusarium species were
also found, but only sporadically. It is important to identify and characterize the main species involved in the
FHB syndrome for this will help us to establish control strategies that will contain the disease and the content

of mycotoxins in food and animal feed.
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Introduction

Fusarium head blight (FHB) is a wheat disease
that causes losses in yield from 30 to 70% (Parry et
al., 1995; Pancaldi et al., 2005). The aetiology of the
disease is complex. The causal agents of FHB are
several species of Fusarium, and Microdochium
nivale (Fr.) Samuels & 1.C. Hallett, and the spe-
cies that are most frequently associated with FHB
worldwide are: Fusarium graminearum Schwabe
(teleomorph Gibberella zeae [Schwein.] Petch), F.
culmorum (W.G. Sm.) Sacc. and F. poae (Peck)
Wollenw. F. avenaceum (Fr.) Sacc. (teleomorph
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Gibberella avenacea R.J. Cook) and F. sporotri-
chioides Sherb. are mainly found in Europe (Par-
ry et al., 1995; Miedaner et al., 2001; Logrieco et
al., 2002; Gale, 2004; Goswami and Kistler, 2004;
O’Donnell et al., 2004; Osborne and Stein, 2007).
F. culmorum, F. poae, F. avenaceum and M. nivale
are common in the cooler maritime regions of the
world such as northwestern Europe (Nicholson et
al., 1998; Nicholson et al., 2003; Zeller et al., 2004;
Xu et al., 2005), while F. graminearum is mostly
predominant in the hotter areas of the USA (Parry
et al., 1995; Brennan et al., 2003).

While this aetiology is only partly understood
(Xu, 2003), the environment is known to play an
important role in FHB development. The distri-
bution and predominance of a Fusarium species
in a country seems to be determined by climatic
factors (temperature, humid conditions, etc.),
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agronomic practices (cropping sequence, soil
tillage, sowing on untilled soil, use of nitro-
gen fertilizers, etc.), as well as by competition
from the Fusarium species (Parry et al.,1995;
Saremi et al., 1999; Doohan et al., 2003). For
this reason, none of the Fusarium species can
be considered of secondary importance; even
when clearly visible symptoms of a species are
lacking there is a risk that the mycotoxins from
it will occur in commercial grains (Salas et al.,
1999). A single Fusarium strain can produce
multiple mycotoxins (Thrane et al., 2004). Some
Fusarium strains associated with FHB produce
trichothecenes (deoxynivalenol-DON, nivale-
nol-NIV, T-2 and HT-2) and zearalenones (zea-
ralenone-ZEA) (Bottalico and Perrone, 2002).
An accurate identification of a given Fusarium
species is difficult because they vary so greatly
in their morphological characteristics: the col-
ony shape and pigmentation, the growth rate,
the presence or absence of macro- and/or micro-
conidia and their shape, the presence or absence
of chlamydospores, sclerotia and sporodochia of

many strains depend on the particular culture
medium in which the strain is grown (Nelson et
al., 1983; Leslie and Summerell, 2006).

Fusarium head blight has occurred in Italy on
wheat without a break since 1995, though with
varying incidence and severity depending on the
year, the area and the wheat variety cultivated
(Figure 1). Durum wheat cultivars, especially in
northern Italy, are at greater risk of seed infec-
tion from FHB-associated pathogens (Pancaldi et
al., 1996; Pancaldi et al., 1997; Balmas et al., 1998;
Balmas et al., 2000; Shah et al., 2005; Rossi et al.,
2006). This is an important aspect that closely
concerns Emilia-Romagna, where the area under
durum wheat cultivation has risen from 29,983 ha
in 1999 to 46,467 ha in 2007. In the province of Bo-
logna, the area under wheat cultivation increased
from 8,200 ha in 1999 to 14,100 ha in 2007 (ISTAT
data, http:/agri.istat.it).

The purpose of the present work was to iden-
tify the Fusarium species causing FHB in durum
wheat heads collected in some fields around Bolo-
gna in the period from 1995 to 2007.

Figure 1. Varying degrees of fusarium head blight (FHB) severity.
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Materials and methods
Mycological analysis of the wheat heads

Every year from 1995 to 2007, head samples
(Figure 2) were collected from several durum
wheat cultivars growing in 150 fields around Bolo-
gna, and were analyzed for Fusarium species. One
hundred FHB heads at the late milk stage (Zadoks
growth stage GS 77-79, Zadoks et al., 1974) were
randomly collected from each field. Ten ears, vary-
ing in FHB severity, were selected, and from each
ear 10 parts of glume, rachis, sub-glume and palea
were sampled. Samples were washed in sterile wa-
ter, disinfected in a 2% sodium hypochlorite solu-
tion for 2 min, rinsed twice in sterile water to elim-
inate any hypochlorite residue and dried on sterile
filter paper, then placed in Petri dishes containing
potato dextrose agar (PDA, Difco, Lawrence, Kan-
sas, USA) with 0.3 g L! streptomycin and neomy-
cin sulphate. The Petri dishes were incubated at
22°C in the dark for 7 days. Fusarium and Micro-

Figure 2. A wheat head affected by fusarium head blight
(FHB).
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dochium colonies, grown from heads taken from
different fields, were subcultured by plating dilu-
tions in order to obtain single-spore cultures, to
ensure that the different structures belonged to
the same fungus. A plug of mycelium from each
colony was placed in sterile water, subjected to
several dilutions and drops of the last suspension
were plated with a loop on Petri dishes containing
water agar. After 48 hours of incubation, the ger-
minated spores were transferred to PDA.

Pure cultures of Fusarium species and M. ni-
vale were grown at 22°C with a 12-h day for 10
days on carnation leaf piece agar (CLA) to produce
macroconidia of uniform size and form, which were
identified to species level by their colony charac-
teristics and conidial morphology (Nelson et al.,
1983; Leslie and Summerell, 2006). The average
isolation frequency (number of strains of a given
species / total number of isolates) was calculated
each year.

Diagnostic and qualitative PCR

Morphological identification has since 2001
been supplemented with molecular techniques,
to ensure that morphological similarities do not
mask significant genetic differences. Some Fusar-
ium and Microdochium strains were selected for
morphotypes, and from a representative colony of
each morphotype, qualitative PCR was performed
on the genomic DNA from strains of F. gramine-
arum, F. culmorum, F. avenaceum, F. poae and
M. nivale to confirm the morphological identifica-
tion. DNA was extracted from mycelium that was
harvested from 7-day-old single-spore cultures
grown on PDA, using a CTAB (exadecyl-trime-
thyl-ammonium bromide) method adapted from
Lhodi et al. (1994). To detect F. graminearum, F.
culmorum, F. avenaceum, F. poae and M. nivale,
the following specific primers were used respec-
tively: Fgl6F/R (5-CTCCGATATGTTGCGT-
CAA-3/5’GGTAGGTATCCGACATGGCAA-3’)
(Nicholson et al., 1998); FcO1F/R (5-ATG GT-
GAACTCGTCGTGGC-3/5-CCCTTCTTACGC-
CAATCTCG-3’) (Nicholson et al., 1998); Fa-
U17F/R(5’-CAAGCATTGTCGCCACTCTC-
3’/5’GTTTGGCTCTACCGGGACTC-3’)(Turner
et al., 1998); Fp82F/R (5-CAAGCAAAC AGG
CTC TTC ACC-3/5-TGT TCCACCTCAGTGA-
CAGGTT-3) (Parry and Nicholson, 1996); and
Y13NF/R(5’-ACCAGCCGATTTGTGGTTATG
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- 3/5’GGTCACGAGGCAGAGTTCG-3’) (Nichol-
son et al., 1996). Amplification was done in a T3
thermocycler (Biometra, Géttingen, Germany) un-
der the conditions described in the protocols of the
literature cited above.

Results
Mycological analysis of the wheat heads

Morphological characterization is very time-
consuming. Since 2001 we have therefore used mo-
lecular diagnostics, which allows a much faster and
more precise identification of fungal species. The
primers used in this work proved their effectiveness
and confirmed the morphological identification.

The Fusarium species found that were most
frequently associated with FHB symptoms were:
F. graminearum (Figure 3), F. culmorum (Figure
4) and F. poae (Figure 5).

The frequency of each species is shown in Fig-
ure 6. Each graph shows, for the main fungal spe-
cies isolated, the year in the abscissa, and the
frequency (%) in the ordinate. The straight line
expresses the mean frequency and the dotted line
the tendency.

Fusarium graminearum was consistently iso-
lated, with a frequency varying from 15.7% (2007)
to 67.5% (1996) (Figure 6a) except for 1997, when
the isolation percentage was 6.2%. The mean fre-
quency was 32.1% (straight line).

Fusarium culmorum had a mean frequency

of 25.2% (straight line). Its frequency declined in
1995, 1996 and 1998 (4.0, 6.2, 1.3% respectively)
and peaked in 1997 at 59.8% (Figure 6b).

Fusarium poae was isolated since 1996, with
frequencies of 5% in 1999 and 23.2% in 2007, and
peaking in 2005 at 55.4% (Figure 6¢). Its mean fre-
quency was 17.8% (straight line).

Fusarium avenaceum, when it occurred, had a
frequency of less than 15%, except in 1998, when
it shot up to 39.7% (Figure 6d); its mean frequency
was 6.4% (straight line).

Microdochium nivale was highly frequent, at
59.2%, in 1995. It was not found at all in 1997,
1998, 2001, 2002, 2005, 2006 or 2007 (Figure 6e),
and its mean frequency was 5.7% (straight line).

Other Fusarium species such as F. tricinctum
(Corda) Sacc., F. equiseti (Corda) Sacc., F. semi-
tectum Berk. & Ravenel, F. crookwellense L.W.
Burgess, P.E. Nelson & Toussoun, F. proliferatum
(Matsush) Nirenberg ex Gerlach & Nirenberg, F.
sambucinum Fickel, F. compactum (Wollenw.)
W. L. Gordon were also detected (mean frequency
12.7%) (data not shown).

Discussion

The survey on the causal agents of FHB in du-
rum wheat grown in the Bologna countryside re-
flects the situation for durum and bread wheat in
Italy and northern Europe as reported by other
authors (Pancaldi and Torricelli, 1999; Pancaldi

Figure 3. Fusarium graminearum on potato dextrose agar (PDA) and macroconidia.
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Fusarium culmorum on potato dextrose agar (PDA) and macroconidia.

50 micron

Figure 5. Fusarium poae on potato dextrose agar (PDA) and micro/macroconidia.

and Alberti, 2001; Pasquini et al., 2001; Bottalico
and Perrone, 2002; Waalwijk et al., 2003; Xu et al.,
2005; Osborne and Stein, 2007).

The frequency data from 1995 to 2007 confirmed
that F. graminearum and F. culmorum are still
the most common species causing FHB, with F.
graminearum becoming less frequent and F'. culmo-
rum more frequent (Figure 6a and b, dotted lines).

Fusarium graminearum is the most common
FHB agent in northern and central Italy according
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to Balmas et al. (1998), Balmas et al. (2000) and In-
fantino et al. (2005). Prodi et al. (2009), in a field
study carried out between 2006 and 2008 in the
same area as the present work, also found that F.
graminearum was the most frequent, but these re-
searchers mainly studied F. graminearum from a
toxicological point of view. They found that the most
frequent chemotype was 15-acetyl deoxynivalenol —
15ADON (87.2%), followed by 3-acetyl deoxynivale-
nol — 3ADON (8.1%) and nivalenol — NIV (2.7%).
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Figure 6. For each graph the straight line shows the mean value of frequency; the dotted line shows the linear tendency.
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Pasquini et al. (2006) reported that F. culmo-
rum prevailed in southern Italy, but according to
our findings this fungus is also frequently associ-
ated with FHB in northern Italy. The prevalence
of F. graminearum or F. culmorum in an area is
usually related to the weather conditions of that
area, and to the time of flowering (Bottalico and
Perrone, 2002). The influence of climatic factors
on Fusarium infection is complicated by the fact
that a Fusarium species sometimes causes the
disease by itself and sometimes while being asso-
ciated with other Fusarium species. There are nu-
merous reports on how individual Fusarium spe-
cies vary in response to environmental variations,
particularly temperature and humidity (Koéhl et
al., 2007).

This work also found that F. poae has also be-
come more frequently associated with FHB in-
fected heads since 2000, and this finding is sup-
ported by Pasquini et al. (2006) and Infantino et
al. (2005). Xu et al. (2005) stated that F. poae is
becoming more frequent in the FHB complex in

various European countries. In Belgium its pre-
dominance has been reported by Audenaert et al.
(2009) and our data also indicate that it is becom-
ing more frequent (Figure 3c). Our findings were
also consistent with Parry et al. (1995), who re-
ported that F. poae was more frequent in years
when F. graminearum was less frequent, and vice
versa (Figure 7).

In our study, F. avenaceum and M. nivale were
found discontinuously with M. nivale having de-
creased more than F. avenaceum (Figure 3d and
e), confirming the findings of Pancaldi and Torri-
celli (1999) on durum wheat in several parts of
Italy over a number of years.

Fusarium semitectum, F. equiseti and F. tricinc-
tum were sporadically found. This was consistent
with Bottalico and Perrone (2002).

In the present work we examined those Fusar-
ium species that are most representative of the
species associated with FHB symptoms. Accurate
morphological characterization requires time, of-
ten as much as several weeks, while a molecular

Frequency

/
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= F graminearum

= F poae

Figure 7. Frequency (%) of Fusarium graminearum and F. poae from 1995 to 2007.
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diagnostics is much faster but needs to be care-
fully evaluated. It is important to identify and
characterize the main species involved in FHB, in
order to set up control strategies that will contain
the disease and the levels of mycotoxins in food
and animal feed.

Literature cited

Audenaert K., R. van Broeck, B. Bekaert, F. de Witte, B.
Heremans, K. Messens, M. Hofte and G. Haesaert,
2009. Fusarium head blight (FHB) in Flanders: popula-
tion diversity, inter-species association and DON con-
tamination in commercial winter wheat varieties. Euro-
pean Journal of Plant Pathology 125, 445-458.

Balmas V., A. Santori and L. Corazza, 1998. Fusariosi della
spiga di frumento duro. Speciale grano duro. L’Informa-
tore Agrario 36, 53-55.

Balmas V., S. Vitale, A. Marcello and L. Corazza, 2000. Fu-
sariosi della spiga. Supplemento L’Informatore Agrario
35, 27-29.

Bottalico A. and G. Perrone, 2002. Toxigenic Fusarium
species and mycotoxins associated with head blight in
small-grain cereals in Europe. European Journal of
Plant Pathology 108, 611-624

Brennan J.M., B. Fagan, A. van Maanen, B.M. Cooke and
F.M. Doohan, 2003. Studies on in vitro growth and
pathogenicity of European Fusarium fungi. European
Journal of Plant Pathology 109, 577-587.

Doohan F.M., J.M. Brennan and B.M. Cooke, 2003. Influ-
ence of climatic factors on Fusarium species pathogenic
to cereals. European Journal of Plant Pathology 109,
755-768.

Gale L.R., 2004. Population structure of Fusarium species
causing head blight of grain crops. In: Fusarium Head
Blight of Wheat and Barley (K. J. Leonard, W. R. Bush-
nell ed.) APS Press, St. Paul, MN, USA, 120-143.

Goswami R.S. and H.C. Kistler, 2004. Heading for disas-
ter: Fusarium graminearum on cereal crops. Molecular
Plant-Microbe Interactions 5, 515-525.

Infantino A., N. Pucci, G. Conca, G. Di Giambattista and A.
Santori, 2005. La fusariosi della spiga del frumento in
Italia. L’Informatore Agrario 12 (suppl.) 1, 12-16.

Kohl J., B.H. de Haas, P. Kastelein, S.L.G.E. Burgers and
C. Waalwijk, 2007. Population dynamics of Fusarium
spp. and Microdochium nivale in crops and crop resi-
dues of winter wheat. Phytopathology 97(8), 971-978.

Leslie J.F. and B.A. Summerell, 2006. The Fusarium labo-
ratory manual. Blackwell Publishing Professional,
Ames, IA, USA, 388 pp.

Logrieco A., G. Mule, A. Moretti and A. Bottalico, 2002.
Toxigenic Fusarium species and mycotoxins associ-
ated with maize ear rot in Europe. European Journal of
Plant Pathology 108, 597—609.

Lohdi M.A., G. Ye, F. Weeden and B.I. Reisch, 1994. A
simple and efficient method for DNA extraction from
grapevine cultivars and Vitis species. Plant Molecular
Biology Reporter 12, 6-13.

Miedaner T., A.G. Schilling and H.H. Geiger, 2001. Molecu-
lar genetic diversity and variation for aggressiveness in
populations of Fusarium graminearum and Fusarium
culmorum sampled from wheat fields in different coun-
tries. Journal of Phytopathology 149, 641-648.

Nelson P.E., T.A. Toussoun and W.F.O. Marasas (ed.), 1983.
Fusarium Species: an Illustrated Manual for Identifica-
tion. Pennsylvania State University Press, University
Park and London, USA, 193 pp.

Nicholson P., A.K. Lees, N. Maurin, D.W. Parry and H.N.
Rezanoor, 1996. Development of a PCR assay to identify
and quantify Microdochium nivale var. nivale and Mi-
crodochium nivale var. majus in wheat. Physiological
and Molecular Plant Pathology 48, 257-271.

Nicholson P., D.R. Simpson, G. Weston, H.N. Rezanoor,
A K. Lees, D.W. Parry and D. Joyce, 1998. Detection
and quantification of Fusarium culmorum and Fusar-
ium graminearum in cereals using PCR assays. Physi-
ological and Molecular Plant Pathology 53, 17-37.

Nicholson P., E. Chandler, R.C. Draeger, N.E. Gosman,
D.R. Simpson, M. Thomsett and A.H. Wilson, 2003.
Molecular tools to study epidemiology and toxicology of
fusarium head blight of cereals. European Journal of
Plant Pathology 109, 691-703.

O’Donnell K., T.J. Ward, D.M. Geiser, H.C. Kistler and Y.
Aoki, 2004. Genealogical concordance between the mat-
ing type locus and seven other nuclear genes support
formal recognition of nine phylogenically distinct spe-
cies within the Fusarium graminearum clade. Fungal
Genetics and Biology 41, 600—623.

Osborne L.E. and J.M. Stein, 2007. Epidemiology of Fusar-
ium head blight on small-grain cereals. International
Journal of Food Microbiology 119 (1-2), 103-108.

Pancaldi D. and I. Alberti, 2001. Le principali malattie su
foglia e spiga del frumento. L’Informatore Agrario 20,
63—69.

Pancaldi D., C. Campagna, M. Haidukowski, M. Pascale,
G. Perrone and A. Visconti, 2005. Efficacia di fungicidi
sulla “fusariosi della spiga” ed effetto sul contenuto di
deossinivalenolo nel frumento. Informatore Fitopatolo-
gico 55(1), 57-61.

Pancaldi D., F. Casulli, G. Grazzi and F. Grifoni, 1997. In-
dagine sulla fusariosi della spiga del frumento duro in
Emilia Romagna. Informatore Fitopatologico 10,43—48.

Pancaldi D., G. Grazzi and I. Alberti, 1996. La fusariosi
della spiga di frumento in Emilia Romagna nel 1995.
Informatore Fitopatologico 4, 16—20.

Pancaldi D. and R. Torricelli, 1999. Presenza di specie di
Fusarium su cariossidi di frumento duro in Emilia-
Romagna nel triennio ’94-'96. L’Informatore Agrario 3,
42-46.

Parry D.W., P. Jenkinson and L. McLeod, 1995. Fusarium
ear blight (scab) in small grains - a review. Plant Pa-
thology 44, 207-238.

Parry D. W. and P. Nicholson, 1996. Development of a PCR
assay to detect Fusarium poae in wheat. Plant Patho-
logy 45, 383-391.

Pasquini M., A.M. Cardone, F. Casini, F. Casulli, M. Chie-
rico, S. Contoli, R. Converso, L. Corazza, A. Del Vecchio,
A. Tori, T. Lombardi, G.L. Lombardo, A. Mazzocchetti,

Vol. 49, No. 2 August, 2010 265




D. Pancaldi et al.

G. Natalini, T. Notario, D. Pancaldi, I. Raimondo, C.
Ratti, M. Riccardi, C. Rubies-Autonell, L. Sereni, V.
Vallega, N. Virzi and S. Vitale, 2001. Monitoraggio
delle malattie sui cereali autunno-vernini: le principali
malattie del frumento. L’Informatore Agrario 1, 33-39.

Pasquini M., A. Infantino, A. Iori, C. Rubies Autonell, A.
Santori and V. Vallega, 2006. Malattie emergenti del
frumento: attuale situazione in Italia. Informatore Fi-
topatologico 3, 3-11.

Prodi A., S. Tonti, P. Nipoti, D. Pancaldi and A. Pisi, 2009.
Identification of deoxynivalenol and nivalenol produc-
ing chemotypes of Fusarium graminearum isolates
from durum wheat in a restricted area of northern Ita-
ly. Journal of Plant Pathology 91(3), 727-732.

Rossi V., S. Giosue, M. Cigolini, G. Delogu, N. Faccini, V.
Terzi and D. Scudellari, 2006. Un aiuto alla gestione
della fusariosi della spiga. L’Informatore Agrario 14,
62—68.

Salas B., B.J. Steffenson, H.H. Casper, B. Tacke, L.K.
Prom, T.G. Fetch Jr. and P.B. Swhwarz, 1999. Fusar-
ium species pathogenic to barley and their associated
mycotoxins. Plant Disease 83, 667—674.

Saremi H., L.W. Burgess and D. Backhouse, 1999. Tem-
perature effects on the relative abundance of Fusarium
species in a model plant-soil ecosystem. Soil Biology
and Biochemistry 31, 941-947.

Shah D.A., N. Pucci and A. Infantino, 2005. Regional and
varietal differences in the risk of wheat seed infection by
fungal species associated with Fusarium head blight in
Italy. European Journal of Plant Pathology 112, 13-21.

Thrane U., A. Adler, P. Clasen, F. Galvano, W. Langseth,

H. Lew, A. Logrieco, K.F. Nielsen and A. Ritieni, 2004.
Diversity in metabolite production by Fusarium lang-
sethiae, Fusarium poae, and Fusarium sporotrichioides.
International Journal of Food Microbiology 95, 257—
266.

Turner A.S., A K. Lees, H.N. Rezanoor and P. Nicholson,
1998. Refinement of PCR-detection of Fusarium avena-
ceum and evidence from DNA marker studies for phe-
netic relatendness to Fusarium tricinctum. Plant Pa-
thology 47, 278-288.

Waalwijk C., P. Kastelein, I. de Vries, Z. Kerenyi, T. van
der Lee, T. Hesselink, J. Kohl and G. Kema, 2003. Major
changes in Fusarium spp. in wheat in the Netherlands.
European Journal of Plant Pathology 109, 743-754.

Xu X., 2003. Effects of environmental conditions on the de-
velopment of Fusarium ear blight. European Journal of
Plant Pathology 109, 683—-689.

Xu X., D.W. Parry, P. Nicholson, M.A. Thomsett, D. Simp-
son, S.G. Edwards, B.M. Cooke, F.M. Doohan, J.M.
Brennan, A. Moretti, G. Tocco, G. Mule, L. Hornok, G.
Giczey and J. Tatnell, 2005. Predominance and associa-
tion of pathogenic fungi causing Fusarium ear blight in
wheat in four European countries. European Journal of
Plant Pathology 112, 143-154.

Zadoks J.C., T.T. Chang and C.F. Konzak, 1974. A decimal
code for the growth stages of cereals. Weed Research 14,
415-442.

Zeller K.A., R.L. Bowden and J.F. Leslie, 2004. Population
differentiation and recombination in wheat scab popu-
lations of Gibberella zeae from the United States. Mo-
lecular Ecology 13, 563-571.

Accepted for publication: April 12, 2010

266 Phytopathologia Mediterranea




