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Abstract Fusarium head blight (FHB) is an impor-
tant disease throughout many of the world wheat-
growing areas that have humid to semi-humid
climate. The infection happens mainly during the
anthesis of the wheat, when there have been favorable
conditions of moisture and temperature. The direct
relation of the infection to environmental factors
makes possible the formulation of mathematical
models that predict the disease. The causal agent of
the FHB of the spike of wheat is attributed principally
to Fusarium graminearum. High economic losses due
yield decrease have been recorded in Argentina. In
the present work, 67 isolates of Fusarium spp. were
obtained from samples of wheat grains from Pampas
region from 15 locations distributed in Buenos Aires,
Entre Rios, Santa Fe and Cérboba provinces during
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2006 and 2007 wheat-growing seasons. The identi-
fication of species from monosporic isolates was
carried out by morphological characterization and use
of species-specific PCR-based assays. Both identifi-
cation criteria were necessary and complementary for
the species determination, since in some cases the
molecular identification was not specific. Scanty
presence of F. graminearum was observed in 2006
wheat-growing season coinciding with the lack of
favorable meteorological conditions for producing
FHB infection events. High presence of F. grami-
nearum isolates was observed in 2007 wheat-growing
season, in accordance with moderate incidence of the
disease according to spatial distribution of FHB
incidence values. The aim of this report was to
identify the causal agent of the FHB disease by

R. Rojo - L. Gasoni

Instituto de Microbiologia y Zoologia Agricola (IMYZA),
Instituto Nacional de Tecnologia Agropecuaria (INTA),
Los Reseros y Las Cabaias s/n, BI712WAA Hurlinghan,
Argentina

A. M. Arambarri

Instituto Spegazzini, FCNyMuseo-UNLP, Av. 53 n° 477,
B1900AV] La Plata, Argentina

@ Springer



140

Mycopathologia (2011) 171:139-149

different taxonomic criteria and to relate its occur-
rence with disease incidence values predicted by a
weather-based model in Argentina.

Keywords Fusarium head blight incidence -
Fusarium spp. - Identification criteria -
Meteorological conditions - Wheat-growing season
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INTA Instituto Nacional de Tecnologia
Agropecuaria

SENASA Servicio Nacional de Sanidad y Calidad
Agropecuaria

Introduction

Fusarium head blight (FHB) or scab on small-grain
cereals is one of the most devastating diseases.
Epidemics are associated with high yield losses and
overall reduction in seed quality due to contamination
of grains with mycotoxins [1-4]. It is a disease spread
in producing areas of wheat (Triticum aestivum
L.emm. Thell) all over the world when very humid
and moderate warm periods occur from flowering to
grain filling developmental stages [2]. Several species
can cause head blight, although Fusarium graminea-
rum is the predominant pathogen in most regions of
the world [5]. However, other species can be highly
pathogenic or can often be in association with the
disease [6]. Most of the species can be found in much
of the geographical area affected by FHB, but
individual species usually dominate a specific region
and F. graminearum dominates in most regions,
which suggests that it is more broadly adapted to
environmental variability than other species [6].
Severe and frequent epidemics have occurred all
over the world in the last 25 years, being this disease
a growing threat to the world food production. Recent
outbreaks were reported in USA, Canada, Europe,
Asia, Australia and South America. In North Amer-
ica, this disease resulted in loss of three billon dollars
for agriculture market during the 1990s [7, 8]. FHB is
an important wheat disease in Pampa region of
Argentina, being F. graminearum (teleomorph: Gib-
berella zeae) the predominant associated pathogen
[9]. Other species of Fusarium can be associated with
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the disease but less frequently as F. poae, F. equiseti,
F. semitectum and F. moniliforme [10]. The Argen-
tinean wheat cropping area is very extensive (nearly
6,000,000 ha), distributed in five provinces with
different ecological conditions (Pampas region: Bue-
nos Aires, Cordoba, Santa Fe, Entre Rios and La
Pampa). Therefore, no epidemics have ever covered
the whole area at the same time. Latitude, temper-
ature and the importance of susceptible grass weeds
and rotational crops (particularly Zea mays L.)
influence the pathogen distribution, while the fre-
quency and timing of spring rainfall appear to
regulate disease outbreaks.

For the northeast area of the Pampas region, in the
last 37 wheat-growing seasons, severe epidemics of
the FHB were registered in 1978, 85, 93 and 2001.
The loss of wheat yield was between 10 and 30% in
1978 (moderate epidemics) and between 24 and 50%
in 1993 (severe epidemics) [4]. In the southeast
wheat-growing region, severe epidemics occurred in
1963, 1976, 1978 and 1985. Epidemics of FHB (like
those of many other disease systems) are strongly
influenced by local and regional environment: host
factors such as physiological state and genetic make-
up, and pathogen factors including adaptation and
virulence [6, 11].

The sporadic nature of the disease strongly asso-
ciated with the environmental factor makes possible
that the pathosystem can be modeled mathematically.
Different meteorological-based models to predict
occurrence of Fusarium toxins have been elaborated
in the world [12, 13]. Predictive models of FHB
incidence were developed in Pergamino location
(humid Pampas region) [14] and one of those
equations was adjusted and validated for locations
further north [15] and further south [16] than
Pergamino. The climate risk of the Pampas region
regarding FHB is maximum in the northeastern,
gradually decreasing toward the southwestern [17].
Besides, the capacity of infection of F. graminearum
is related to the fact that it can survive in host debris
on the soil and fulfill part of the cycle in diverse
alternative hosts [18]. According to Galich and
Galich [4], since Argentina wheat cultivars are
susceptible or moderately susceptible, the difference
in the variability of the disease is not attributed to the
degree of sensitivity of the host to the pathogen. In
addition, the spores are light and can be spread by the
wind over long distances [19].
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The aim of this study was to identify the causal
agent of the FHB disease by different taxonomic
criteria and to relate its occurrence with disease
incidence values predicted by weather-based models
in Argentina.

Materials and Methods

Mycological analysis was carried out on wheat grain
samples with different probability of infection accor-
ding to the climatic models of disease incidence in
diverse geographical locations.

Biological Material

Fusarium spp. isolates were obtained from wheat
samples (consisting of three replications, mechani-
cally harvested) of 26 commercial cultivars using
standard production practices, during the wheat-
growing seasons of 2006 and 2007. The cultivars
used belonged to the national wheat nursery con-
ducted at INTA Marcos Juarez, Pergamino, Oliveros,
Parani, Concepciéon del Uruguay, Balcarce and
Barrow (integrated farm) INTA Experimental Sta-
tions. Also samples were taken from concentration
silos of SENASA during 2006 wheat-growing season.
A total of 69 samples of 26 wheat cultivars from 15
locations were analyzed.

Isolation of Fusarium spp.

For isolation of Fusarium spp., wheat grains were
surface-sterilized in sodium hypochlorite 10% (v/v)
in Erlenmeyer flasks with orbital movement for
2 min, and then rinsed with sterile distilled water.
Under sterile conditions, 12 grains of each sample in
triplicate were placed on Petri dishes containing
wetted filter paper with sterile distilled water and
incubated under darkness at 25°C for 7 days and
daily observed [20]. The mycelium growing on grains
was transferred onto potato dextrose agar (PDA)
successively until obtaining a seemingly pure culture
and identified as Fusarium spp. Then they were
subcultured on synthetic nutrient agar (SNA), and
from these cultures, single-spore isolates were
prepared according to Nelson et al. [21] on SNA.
These isolates were finally transferred to PDA for
cultural characterization and to carnation leaves agar

(CLA) [22, 23] for microscopic characterization.
PDA plates were incubated in darkness at 25°C for
7 days, and both SNA and CLA were incubated at
20-25°C under a 12-h fluorescent light and near
ultraviolet (NUV) regime for 12 days. For its main-
tenance, single-spore isolates were kept in tubes with
SNA under a layer of mineral oil, at 4°C.

Morphological Characterization of Fusarium spp.

From single macroconidial isolates of Fusarium spp.
obtained from SNA, cultures characterizations were
carried out. Cultural characterization of Fusarium spp.
grown on PDA as growth rate, pigmentation and aerial
mycelium aspect were visually assessed [21]. For
microscopical characterization, the isolates were
grown on CLA. Microscopic observations were carried
out at x 100 magnification (Leica 2500, Germany),
observing macroconidia morphology, presence/absence
of microconidia and perithecium production. The
identification was carried out by means of the keys of
Gerlach and Nirenberg [24], Burgess et al. [23],
Leslie and Summerell [25], and the considerations of
Summerell et al. [26].

Molecular Characterization of Fusarium spp.

For this characterization, inoculates were prepared
from 10-mm plugs cut out from the outer edge of a 5-
day-old colony from single-spore isolates grown on
Petri dishes (2% potato-agar) at 26°C. Potato dextrose
broth medium (PDB) was used to grow the isolates at
26°C in darkness for 4 days on an orbital shaker
(100 rpm) in 125-ml Erlenmeyer flask containing
65 ml of medium. Mycelium was harvested by filtra-
tion onto filter paper (Whatman # 1). Then, it was
rinsed with sterile water, stored at —20°C and lyoph-
ilized. About 100 mg of powered mycelia were used
for DNA isolation following a modified version of the
cetyltrimethylammonium bromide (CTAB) method
[27]. In 750 pl of extraction buffer (100 mM Tris—
HCIL, pH 8, supplemented with 100 mM EDTA,
250 mM NaCl, 2% CTAB) and 15 pl of 2-mercap-
toethanol were added the lyophilized mycelia and
incubated at 65°C for 30 min. Cellular proteins were
precipitated with 300 pl of 3 M potassium acetate (pH:
4.8). After centrifugation at 17,500g in a microcentri-
fuge (Hermle Labortechnik GmbH. Wejomgen, Ger-
many), the supernatant was transferred to a new tube
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and extracted with 500 pl of phenol/chloroform/
isoamyl alcohol (25:24:1) until the interface became
transparent. Nucleic acids were precipitated by adding
750 pl of cold isopropanol followed by incubation at
4°C for 30 min. After centrifugation at 17,500g for
5 min, the pellet was rinsed twice with 500 pl of 70%
(v/v) ethanol, air-dried and dissolved in 100 pl of Tris—
EDTA buffer [10 mM Tris—HCI (pH: 8) and 1 mM
EDTA]. PCRs were performed in a thermal cycler
(Master Cycler Eppendorf, Germany).

PCR DNA analyses were performed separately
using the following species-specific primers Fg16NF/
R for F. graminearum [28], FP82F/R for F. poae
[29], FACF/R for F. acuminatum [30] and J1AF/R for
F. avenaceum [31]. PCRs were performed in a
Mastercycler gradient (Eppendorf AG, Hamburg
Germany) in a final volume of 20 pl, containing
10 ng of template DNA, 1.5 mM MgCl,, 0.2 mM
each of four dNTPs, 0.5 mM of each primer and 1
unit of Taq polymerase (Invitrogen, Carlsbad, CA) in
the corresponding reaction buffer. Thermal cycling
conditions for F. graminearum involved an initial
denaturation step at 95°C for 2 min, 30 cycles of
94°C for 30 s, 62°C for 1 min and 72°C for 5 min,
and a final extension at 72°C for 5 min. Annealing
temperatures of 56 and 57°C were used for F. poae
and F. acuminatum or F. avenaceum, respectively.
Fifteen microliters of PCR products were loaded in
agarose gel 2%, and were run for 1 h at 120 V,
stained with ethidium bromide and photographed by a
Fotodyne system (Hartland, WI). Ladder 100 pb
(Invitrogen) was used as molecular marker kit.

Predicted FHB Incidence Values (PFHBI %)

In a previous paper [14], meteorological-based pre-
dictive wheat FHB incidence equations were devel-
oped for Pergamino location (33°56’S, 60°30'W,
humid Pampas region). The equation [1] was selected
for predicting FHB incidence (PFHBI %) in the
central Pampas region around Pergamino:

PFHBI % = 20.37 + 8.63NP — 0.49DD R’? = 0.86
(1)

where NP: number of two-day periods with precip-
itation (>0.2 mm) and relative humidity >81% in the
first day and relative humidity >78% in the second
day; DD represents the daily accumulation of the
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residuals resulting from subtracting 9 to the minimum
temperature values (<9°C) and the exceeding
amounts of maximum temperatures from 26°C. These
variables were processed in a time period beginning
8 days prior to heading date (emergence of first
heads) and ending when 530 degree-days (base mean
daily temperature = 0°C) were accumulated. This
period was regarded as the critical period length
(CPL). This equation [1] was adjusted and validated
for more northern [15] and southern [16] locations
than Pergamino, making only a few changes. Max-
imum temperature threshold of the variable DD was
changed to 30°C, when equation [1] was used for
predicting FHB incidence in northern Pampas region
[15]. For southern Pampas region disease incidence
estimations, maximum and minimum temperature
thresholds of the variable DD were increased to 30°C
and to 11°C, respectively, and CPL was reduced to
450 degree-days [16].

For 38 stations of the Pampas region with daily
meteorological data for the 2006 and 2007 wheat-
growing seasons, FHB incidence values were esti-
mated by Equation [1] and their adjustments. Early
and mean heading dates were established after
accumulating 1,250 and 1,320 degree-days from 1
July (base mean daily temperature = 0°C), respec-
tively [32]. With these information, we obtained the
spatial distribution of PFHBI (%) in the Pampas
region (early and mean heading date).

Results
Morphological Identification

From the analyzed wheat samples, 67 isolations of
Fusarium spp. were obtained. The species identifica-
tion determined four species of Fusarium according
to cultural and microscopical morphological charac-
teristics (Tables 1, 2).

Fusarium graminearum produced fertile homo-
thallic perithecia on CLA or SNA, whereas other
Fusarium spp. did not. Conidium formation was
considered on CLA (Table 2).

Figure 1 show the macro and microconidial
observed in the diverse Fusarium spp. The shape of
basal and apical cells was also observed for
characterizations.
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Table 1 Fusarium spp. cultural characterization on PDA

Growth rate Pigmentation Aerial mycelium
F. graminearum Rapid Purple color in both faces Cottony
F. poae Rapid White color above, clear purple reverse surface Smoothly
F. acuminatum Slow Red color reverse surface Smoothly
F. avenaceum Rapid Purple color in both faces Cottony
Table 2 Fusarium spp. microscopic characterization on CLA

Macroconidia Microconidia Sporodochia

F. graminearum Straight and medium length Absent Some times cream orange
F. poae Absent Present Absent
F. acuminatum Equal curvature Absent Pale orange
F. avenaceum Long and slender Absent Pale orange

Fig. 1 Variation in macroconidial shape and length of Fusarium spp.; F. graminearum (a), F. acuminatum (b), F. avenaceum
(¢) grown on CLA (x 100). Microconidia of F. poae (d) grown on CLA (x 100)

PCR Detection of Fusarium spp.

After morphological identification, molecular identi-
fication was carried out to corroborate the determi-
nations. Fusarium graminearum species-specific PCR
Fg 16NF/R primer set amplified the expected 280-bp
DNA fragment in all 60 isolates tested. None of the

other species produced a product with this primer set,
indicating the specificity of Fg16NF/R primer set.
The three F. poae isolates yielded the expected
220-bp DNA fragment with the primer set FP82F/R.
PCR performed on the DNA isolates of the other
Fusarium species did not result in the amplification of
DNA fragment, indicating the specificity of the
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primer set. For F. acuminatum we used FACF/R
primer set, chosen by its specificity according to
several studies. However, it turned out to be non-
specific for our isolates, amplifying the expected 600-
bp DNA fragment either in F. acuminatum isolates or
in F. graminearum isolates.

Similar results were obtained for F. avenaceum,
using JIAF/R primer set, the expected 220-bp
product of amplification was obtained for both
F. avenaceum and F. graminearum, therefore result-
ing non-specific. In both cases, the PCR experimental
conditions were tested thoroughly. In this report for
F. graminearum and F. poae, the molecular identi-
fication was accurate and fast, coinciding with
morphological determinations, but for F. acuminatum
and F. avenaceum it was not decisive.

As it is observed in Tables 3 and 4, out of the 67
isolates obtained, sixty corresponded to F. graminearum,

three to F. poae, three to F. acuminatum and one to
F. avenaceum.

Relation Between Spatial Distribution of FHB
Incidence Values and Occurrence of Fusarium

Spp-

Weather conditions during 2006 wheat-growing sea-
son were not conductive for the occurrence of FHB
infection events. According to Fig. 2, only very light
incidence values were estimated for the central sector
of the Pampas region, being coincident with the
presence of F. graminearum in one sample of wheat
grain obtained from 9 de Julio location. Presence of
the pathogen in grain samples from the other
locations was not detected, in agreement with the
extremely low to nill FHB incidence values estimated
by the meteorological-based Eq. 1. Other Fusarium

Table 3 Distribution of

. . Wheat-growing Location Wheat cultivars Isolates 1 2 3 4
Fusarium spp. isolates o
. . season n
obtained by locality
2006 Balcarce 6 0
Barrow 6 2 2
2007 Barrow 6 0
Balcarce 6 0
. 3
F. graminearum (1), c .del Uruguay 4 3
F. poae (2), F. acuminatum Oliveros 10 26 24 1 1
(3), F. avenaceum (4) for Parana 5 14 14
2006 and 2007 wheat- Pergamino 5 19 18 1
growing season from INTA
Table 4 Distribution of Wheat-growing Location Isolates 1 2 3 4

Fusarium spp. isolates

obtained by locality season

2006

F. graminearum (1),

F. poae (2), F. acuminatum
(3), F. avenaceum (4) for
2006 wheat-growing season
of concentration silos from
SENASA

9 de Julio 1 1
Azul
Balcarce 1 1

C. del
Uruguay

Coérdoba

Gualeguaychu 1 1
Mar del Plata

Parana

Rafaela

Rio Cuarto

Santa Fe

Tandil
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Fig. 2 Spatial distribution of FHB incidence values for 2006
wheat-growing season. Mean heading date. The sites sampled
in 2006 and 2007 growing seasons are also indicated

spp. were found in those locations of very low FHB
incidence.

In contrast to 2006, weather conditions during
2007 growing season were conducive to disease
infections events, especially for those wheat cultivars
with early heading. Figure 3 shows the moderate
FHB incidence values estimated by Eq. 1 in the
north-eastern quadrant of the Pampas region. In
wheat grain samples from locations such as Oliveros,
Concepcion del Uruguay and Parana, isolates of
F. graminearum were detected, in agreement with
FHB incidence values higher than 30% predicted by
Eq. 1, for a mean heading date (1,320 degree-days
accumulated after 1 July). For earlier heading date
(1,250 degree-days accumulated after 1 July), higher
predicted FHB incidence values accounted for the
most favorable weather conditions prevailing at the
beginning of October, when is the begin of period of
flowering of wheat in the region.

The presence of F. graminearum isolates in grain
samples from Pergamino location was explained by
the moderate FHB incidence values estimated by
Eq. 1 and by the early heading date (Fig. 4).

Actually, most wheat cultivars escaped from
weather conditions conductive to disease outbreaks
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Fig. 4 Spatial distribution of FHB incidence values for 2007
wheat-growing season. Early heading date. The sites sampled
in 2006 and 2007 growing seasons are also indicated

at the beginnings of October because of a delayed
heading due to below-normal temperatures registered
before the reproductive stage (2007 wheat-growing
season). During November, when the southern sector
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of the Pampas region concentrated heading and
anthesis stages, the weather conditions were adverse
for producing FHB infection events. This situation
could explain the lack of F. graminearum isolates
from wheat grain samples obtained from southern
locations like Barrow and Balcarce locations.
Accordingly, no FHB incidence values were esti-
mated by Eq. 1 for the southern Pampas region
during 2007 growing season (Fig. 3).

Discussion

In this report, we contribute to the accurate identi-
fication of the causal agent of FHB in relation to
disease predictions from meteorological-based sys-
tems in the main wheat-growing area of Argentina.
Sixty-seven Fusarium spp. isolates were obtained
from two consecutive wheat-growing seasons, which
were identified according to morphological and
molecular characterization by specific primers PCR-
DNA reaction. For F. graminearum and F. poae, both
characterizations were successful, but for F. avena-
ceum and F. acuminatum the molecular characteriza-
tion was non-specific, showing cross-reaction with
F. graminearum. Also the ability to produce homo-
thallic perithecia was confirmed for F. graminearum.
Since the species identification by PCR primers is
considered a sensitive and rapid method it is often used
for detection of Fusarium spp. in wheat grains instead
of the traditional macro and micromorphological
identification which is considered tedious and time
consuming. There are few previous reports in Argen-
tina that discuss this issue. When F. graminearum
isolates were identified in wheat in Argentina by
Ramirez et al. [33] it was by morphological identifi-
cation. The same criterion was utilized by Lori et al.
[34] in Fusarium spp. isolates from Buenos Aires
province. Diverse technical reports by the INTA in
Argentina have also been based on morphological
characterizations. In our research, the morphological
characterization was decisive to identify F. avenaceum
and F. acuminatum. We consider that in laboratories
where morphological identifications are routinely
carried-out, good results are obtained, depending on
the practice. Our results revalue the concept about
using several criteria for the definition of the species,
giving a more reliable identification. Leslie et al. [35]
considered that the most robust species definitions are
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those in which the three species concepts—morpho-
logical, biological and phylogenetic—reach the same
identification result. Schilling et al. [36] detected
F. avenaceum and F. graminearum by PCR species-
specific primers which revealed no significant cross-
reactions for any assays. Demeke et al. [37] observed
that primers reported as specific for F. aveneceum
[38] amplified all isolates of both F. avenaceum and
F. acuminatum. Therefore, they were not useful for
distinguishing between these two species. Instead,
good results were obtained when using the primers
reported by Turner et al. [31]. Turner et al. [31] have
determined a high level of reability for primer pair
utilized for F. avenaceum detection, but have
considered that future cross-reaction problems could
possibly appear. To interpret these cases of cross-
reaction of species-specific primers between related
species it is necessary to consider the structure and
reproductive behavior of field populations of Fusar-
ium spp. [39]. The molecular sequences of gene
regions have indicated that different species of
Fusarium are closely genetically related [40]. Doo-
han et al. [38] also observed some difficulties using
PCR analysis for identifying fungal species present in
wheat with FHB. Yli-Mattila et al. [41] concluded
that for Fusarium species in Finland and northwest-
ern Russia, the results obtained by species-specific
primers mostly agreed with the identification results
based on morphology. However, in a few cases,
contradictory results were obtained. For Fusarium it
is demonstrated that the genetic variation within the
species is very high and influences aggressiveness,
toxin spectrum and abundances, host interaction,
sexual and asexual reproduction and environmental
response [33, 42]. Leslie et al. [35] considered that
evolution should continually generate new DNA
sequences and intermediates between various species.
This might partly explain several cases worldwide
analyzed, in which the observed damage changes
according to the geographical location of Fusarium
isolates [43, 44].

In this report, the spatial distribution of FHB
incidence values for 2006 wheat-growing season
determined the absence of weather conductive to
FHB infection events, observing only very low
incidence values for the central sector of the Pampas
region. From this wheat sampling, very few Fusarium
spp. isolates were obtained, one of them identified as
F. graminearum from 9 de Julio, location placed in
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the central sector. The remained isolates were
identified as other Fusarium spp. different from
F. graminearum, obtained from locations without
meteorological conditions for infection.

The spatial distribution of FHB incidence values
for 2007 wheat-growing season reflected the most
favorable weather conditions for producing FHB
infection events. In this sampling, 95% of the
obtained Fusarium spp. isolates were identified like
F. graminearum. According to another research in
Argentina, 90% of the pathogens isolated from FHB
were F. graminerarum [45]. Our results confirmed
the predominance of F. graminearum in wheat grain
associated with FHB in Argentinian Pampas region,
by different criteria of species identification.

Although, several reports refer to the genotypic
variability on F. graminearum population in different
regions of the world such as in USA [11, 46], Canada
[47, 48], Europe [43], Korea [49], China [43], there is
little available information about this topic in South
America in general, particularly in Argentina. Ram-
irez et al. [33] determined the vegetative compatibil-
ity groups (VCGs) and mycotoxin production on
populations obtained from wheat in three Argentinian
localities. Several studies in Argentina were focused
to analyze related aspects between distribution of
F. graminearun and deoxynivalenol (DON) contam-
ination in Cérdoba province [50] and in the south of
Buenos Aires province [51]. However, in Argentina,
there is no available information about the relation-
ship between disease and environment. Each fungus
in the FHB disease system has a different behavior as
regards adaptation, virulence, environmental require-
ments and host factors, as well as physiological and
genetic make-up. All this may, in part, explain why
the occurrence of these species varies by location [6].
In order to predict FHB, both the pathogen and the
environment must be related [19]. In several coun-
tries such as Belgium, Canada, Italy and USA,
computer models based on weather variables have
been developed to predict the occurrence of FHB and
DON contamination in wheat [13]. In Argentina, the
predictive climatic model has been developed by
Moschini and Fortugno [14, 52].

In conclusion, from 2006 wheat-growing season
sampling only 5 isolations were obtained being the
presence of Fusarium spp. scarce coinciding with the
scarce incidence of the disease. Only one of them was
identified as F. graminearum, two as F. poae and two

as F. acuminatum. From 2007 wheat-growing season
sampling, 62 isolates were obtained, coinciding with
major FHB incidence values of the disease, being
98% F. graminearum and the rest was distributed
among F. poae, F. acuminatum and F. avenaceum.
Therefore, different distributions of Fusarium species
and number of isolates in both 2006 and 2007 wheat-
growing seasons were associated to the spatial
distribution of FHB incidence values estimated by a
weather-based model. Beside, in wheat-growing
season with weather conditions conductive for the
occurrence of FHB infection events, Fusarium
graminearum was the principal species detected.
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