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Abstract Soybean (Glycine max L.) is one of the main
crops in Argentina.Most of the studies of pathogenicity in
the Fusarium graminearum complex have focused on
strains isolated from wheat and maize, and there is little
information on strains isolated from soybean. Our objec-
tive in the present study was to compare the pathogenicity
among soybean isolates of different phylogenetic species
within the Fusarium graminearum complex on soybean
seedlings under controlled conditions. Six strains
representing three different phylogenetic species (F.
graminearum, F. meridionale and F. cortaderiae) were
identified by partial sequencing of the Translation
Elongation Factor -1α gene (TEF-1) and evaluated for
pathogenicity. All six strains reduced emergence, mainly
by causing pre-emergence damping-off, seedling height
and root dry weight and produced abnormal seedlings.
Themean disease severity averaged across all isolates was
approximately 3.0 in a 0–4 rating scale where 0=healthy
seedling and 4=dead seedling. Significant differences in
pathogenicity were observed among F. graminearum,
F. meridionale and F. cortaderiae. These results are con-
sistent with the hypothesis that different phylogenetic

species within the Fusarium graminearum complex iso-
lated from soybean are pathogenic under controlled con-
ditions to soybean seedlings in Argentina. The present
study demonstrates for the first time the pathogenic effect
of F. meridionale on soybean in Argentina.
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Pathogenicity

The Fusarium graminearum complex is composed of at
least sixteen lineages (O’Donnell et al. 2000, 2004, 2008;
Sarver et al. 2011; Starkey et al. 2007; Yli-Mattila et al.
2009) most of which have now been described as phylo-
genetic species: F. austroamericanum, F. meridionale, F.
boothii, F. mesoamericanum, F. acacia-mearnsii, F.
asiaticum, F. graminearum sensu stricto, F. cortaderiae,
F. brasilicum, F. aethiopicum, F. gerlachii, F. vorosii and
F. ussuarianum. Species within the complex, mainly F.
graminearum, are important pathogens of wheat and
maize in the subtropical and temperate regions of
Argentina (Chulze et al. 1996).

The species composition of the F. graminearum com-
plex population appears to be host and location depen-
dent. In Argentina, F. graminearum sensu stricto is the
only phylogenetic species isolated from wheat in differ-
ent subregions of the main wheat production area
(Alvarez et al. 2011; Ramirez et al. 2007), but F.
meridionale and F. boothii may be the most important
on maize (Sampietro et al. 2011). These could be
interpreted as differences in host preference between
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lineages within the F. graminearum complex. In a pre-
vious study, molecular markers such as amplified frag-
ment length polymorphism (AFLP) were used to char-
acterize the F. graminearum complex population isolat-
ed from one soybean field located at Córdoba Province,
Argentina. The results demonstrated the presence of at
least two phylogenetic species, F. graminearum sensu
stricto and F. meridionale (Barros et al. 2012).

Disease reports of the pathogenicity of strains from
the F. graminearum complex towards soybean are con-
tradictory. In some cases these strains were considered
to be secondary colonizers of soybean seeds previously
damaged by other fungi or by freezing (Jacobsen et al.
1995; Osorio and McGee 1992; Wicklow et al. 1987),
while in others cases the strains were considered to be
nonpathogenic to soybean (García-Romera et al. 1998;
Miller et al. 1998). These arguments were based on
failed attempts to complete Koch’s postulates, following
direct inoculations of seedling hypocotyls or applica-
tions of spore suspensions of F. graminearum to flowers
(Fernandez and Fernandes 1990). At present F.
graminearum is recognized as a primary pathogen of
soybean in several countries in the American continents
(Broders et al. 2007; Diaz Arias et al. 2013; Ellis et al.
2011; Martinelli et al. 2004; Pioli et al. 2004; Xue et al.
2007).

Soybean (Glycine max L. Merr.) is the most important
field crop in Argentina, where the planted area has
reached 11,000,000 ha with annual production approxi-
mately 35,000,000 metric tonnes (MAGPyA (http://
www.sagyp.mecon.gov.ar)). Members of the F.
graminearum complex frequently are recovered from
flowers, pods and soybean seeds and deoxynivalenol
can be detected at significant levels in soybean meal
(Barros et al. 2011; Peruzzo et al. 2011) and soybean
seed (Barros et al. 2012). During the 1990s, agriculture
changed significantly in Argentina, e.g. the adoption of
transgenic crops such as soybean, maize and cotton under
no-till conditions system (Pengue 2005). Adoption of
conservation tillage may be the most important of these
system changes as members of the F. graminearum can
readily colonize crop debris of wheat, corn and soybean
(Baird et al. 1997; Palazzini et al. 2012). Soybean is often
part of a crop rotation with wheat and other cereal crops
in Argentina therefore, members of the F. graminearum
complex that colonize soybean debris could provide in-
oculum for wheat and maize infections, and those that
colonize wheat and maize debris could provide inoculum
for soybean infections.

Pioli et al. (2004) first described the pathogenicity of
F. graminearum to soybean in Argentina. However, this
study did not distinguish phylogenetic species within
the F. graminearum complex. Due to the economic
value of soybean and the increase in production area in
Argentina, the role of members of the different lineages
in the F. graminearum complex and their importance as
potential soybean pathogens needs to be determined.
The objective of this study was to compare the patho-
genicity of soybean isolates from different phylogenetic
species within the F. graminearum complex towards
soybean seedlings under controlled conditions.

Materials and methods

Six isolates characterized morphologically as strains
belonging to the F. graminearum complex (Leslie and
Summerell 2006) were included in the study. These
isolates were collected in a previous study during the
2007/2008 harvest season from an experimental field at
the National University of Río Cuarto, Córdoba,
Argentina (Barros et al. 2012). All isolates were main-
tained as cultures on Synthetisher Nährstoffarmer Agar
(SNA) (Nirenberg 1976) slants at 4 °C and as spore
suspensions in glycerol 20 % (w/v) at −80 °C.

Strains were grown in complete medium (CM)
(Leslie and Summerell 2006) and incubated on an or-
bital shaker (150 rpm) for at least 3 days at 25±1 °C.
The resulting mycelia were harvested by filtration
through non-gauze milk filters (Ken AG, Ashland,
Ohio). Excess water was removed by blotting mycelia
between clean paper towels, and dried mycelia were
stored frozen at −20 °C. DNA was extracted with a
cetyltrimethylammnonium bromide (CTAB) method
(Leslie and Summerell 2006).

Analyses of the partial sequence of the translation
elongation factor-1α gene (TEF-1 α), were made fol-
lowing PCR amplification with the primers described by
O’Donnell et al. (2000, 2004). PCR experiments were
conducted with 10–20 ng of fungal DNA in a total
volume of 20 μl of 1× reaction buffer containing
1.5 mM MgCl2, 0.5 U Taq DNA polymerase
(Promega), 0.2 mM dNTPs and 0.5 μM of each TEF
primer (E1 5′-ATGGGTAAGGAGGACAAGAC-3′, E2
5′-GGAAGTACCAGTGATCATGTT-3′). A negative
control, containing all reagents and primers but no fun-
gal DNA, was included in every set of reactions. PCR
was conducted in a PTC-2000 Thermal Cycler (MJ
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Research Inc., Watertown, MA) and the conditions
were: 94 °C for 1 min, then 31 cycles of 94 °C for
30 s, 56 °C for 45 s and 72 °C for 1 min, followed by
72 °C for 5 min and a 4 °C. PCR products were sepa-
rated by electrophoresis through 2 % (w/w) agarose gels
to confirm that a ~700 bp fragment was amplified for
TEF-1 α. Fragments were purified by filtration through
DNA Wizard Clean-Up Kit (Promega, Madison, WI).
Sequencing of both strands was performed with an
ABI 3130XL DNA Sequencer (Applied Biosystems)
and each sequence was then aligned with ClustalW
(Thompson et al. 1994), as implemented in the pro-
gram BioEdit version 7.0.9.0 (Hall 1999). All isolates
were identified as members of the F. graminearum
complex by conducting BLAST searches of GenBank
with partial translation elongation factor sequences as
the query.

Six isolates representing three different species with-
in the F. graminearum complex were used in green-
house and rolled-towel pathogenicity assays. Both the
greenhouse and rolled towel experiments were repeated
twice. In the greenhouse assays, inoculum was prepared
by growing each isolate on potato dextrose agar (PDA)
amended with streptomycin (100 mg l−1) (Singleton
et al. 1993) for 1 week at 25 °C in the dark. A 500 ml
flask containing 125 g of Czapek Dox-bran-vermiculite
medium (4:10:10; v/w/w), was autoclaved for 30 min at
121 °C and allowed to cool. Five, 5 mm diameter plugs
from the culture on PDAwere added to the Czapek Dox-
bran-vermiculite medium; the medium was incubated at
25 °C in the dark for 2 weeks and shaken daily. A
nursery substrate (Grow Mix, Multipro, Terrafertil
S.A., Buenos Aires, Argentina) was infested by adding
7 g of inoculum of each isolate to a litre of potting mix.
Inoculated soil was dispersed into 12-cm diameter plas-
tic pots. Ten seeds of soybean cultivar DM 4670 RG
(genetically modified for tolerance to glyphosate, matu-
rity group IV) were planted to a depth of 3–4 cm,
watered to saturation after planting and maintained at
near field capacity throughout the study. Following
seedling, pots were incubated in a chamber at 25±2 °C
for 5 days using a randomized complete block design,
and then placed on a greenhouse bench and grown under
natural photoperiod at 25±3 °C for 12 days. Ten soy-
bean seeds per pot were sowed, with replications of four
pots per treatment arranged in a randomized complete
block design. Non-inoculated plants served as a nega-
tive control. These control pots contained the inoculum
substrate at the same rate but without pathogen. Also, an

absolute check without the inoculum substrate was
sowed (data was not included). At the end of the exper-
iments, each treatment was assessed for percentage of
emerged seedlings, percentage of abnormal seedlings
(mainly classified in this way due to weak seedlings
and root and cotyledon necrotic lesions), percentage of
crown or basal stem rot (as can be more severe than root
lesions and kills the plants) and shoot and root dry
weight.

The evaluation of seedlings height and disease sever-
ity was performed in a rolled-towel assay described by
Xue et al. (2007). Soybean seeds (cultivar DM 4670
RG) were surface disinfected by soaking in 0.5 % (v/v)
NaOCl for 30 s and rinsed twice in sterile distilled water.
Then disinfected seeds were spread evenly on two layers
of sterilized paper towels moistened with 50 ml of
sterilized water and covered with two layers of paper
towels in plastic containers to allow the germination.
Containers were covered with plastic lids and kept in
darkness at 24 °C for 3–4 days until plants were at the
early VE growth stage and root hairs were visible.
Visually healthy seedlings were selected and disinfected
as described above. Seedlings were infested by transfer-
ring agar plugs (5 mm in diameter) with a sterilized
metal needle from 7-day-old fungal cultures to the
root-hair zone, about 1.5 cm behind the primary-root
tip. Control plants were inoculated with agar plugs from
sterile PDA. Inoculated plants were each placed verti-
cally on precut covering sheets consisting of two layers
of the sterilized paper tissue laid on top of an aluminum
foil sheet. The entire root along with the attached agar
disc of an individual plant was then covered by folding
the covering sheets in the middle. A growth unit for each
plant was formed by further folding the covering sheets
on the opening side. The growth units were placed in
plastic trays containing sterilized distilled water at a
depth of 0.5 cm. The open top of the growth unit
allowed for plant growth and the open bottom for root
development and water absorption. The aluminum foil
sheet was used to separate each unit and for moisture
retention. The trays were placed in a growth chamber
operated at 24 °C with a 16 h photoperiod of fluorescent
light. The water level in the tray was checked daily and
the water was added as needed. Ten days after inocula-
tion, plants were removed from the growth unit and
visually assessed for root-rot severity. Symptoms were
rated using a 0–4 scale (Fig. 1): 0, no visible disease
symptoms; 1, lesion visible, but infection confined to
the inoculation site, with normal seedling growth; 2,
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lesion size extended and the plant growth retarded; 3,
infection of the entire root, and the plant growth halted;
and 4, massive infection of the entire root resulting in
plant death.

Data from the two independent experiments were
combined and analyzed as one. Data on root-rot severity
often were not normally distributed and were analyzed
by using the nonparametric Kruskal-Wallis test and then
by Dunn’s nonparametric multiple comparisons test at a
probability level of p<0.05. Percentage of seedling
emergence, abnormal seedlings and crown rot were
square root transformed to reduce variance. The remain-
ing dependent variables (shoot dry weight/plant, root
dry weight/plant and seedling height) were subjected
to an analysis of variance (ANOVA) without further
transformation. Treatment means of the transformed
and untransformed data were separated by Fisher’s least

significant difference (LSD) test at a probability level of
p<0.05 (SAS 1998).

Results

The partial TEF1-α gene sequence of F5050 and F5051
isolates had a high match with F. graminearum sensu
stricto, F5030, F5043 and F5048 sequences corresponded
with F. meridionale and F5036 corresponded with F.
cortaderiae (Table 1). TEF1-α gene sequence of isolates
used in the present study were compared with the se-
quences depicted by O’Donnell et al. (2000; 2004),
Starkey et al. (2007) and Ward et al. (2008).

In the greenhouse assays, the isolates caused variable
changes in the growth parameters evaluated in the inoc-
ulated plants whereas the un-inoculated plants remained
healthy throughout the experiments (Table 2). All of the
isolates significantly reduced seedling emergence,
mainly by causing pre-emergence damping-off. The
percentage of abnormal seedlings observed ranged from
12 to 27 %. The main symptoms observed were seed
decay, weak seedlings and necrotic lesions on cotyle-
dons. Plants inoculated with F. cortaderiae F5036 and F.
graminearum F5051 had higher levels of crown rot,
while plants inoculated with F. meridionale F5030 had
no crown rot symptoms. All isolates significantly
reduced (p<0.05) root dry weight relative to un-
inoculated seedlings; however only one isolate had a
significant decrease in shoot dry weight.

In the rolled-towel assays the seedling height of the
inoculated seedlings was reduced by 39 and 57 % relative
to the control seedlings. All isolates caused root rot and
there were significant differences in disease severity
among F. graminearum, F. meridionale and F. cortaderiae
isolates were observed in both experiments. The mean

Fig. 1 Ordinal scale used to evaluate disease severity caused by
Fusarium meridionale: 0, no visible disease symptoms; 1, lesion
visible, but infection confined to the inoculation site with normal
seedling growth; 2, lesion size extended and plant growth retarded;
3, infection of the entire root, and plant growth halted; 4, massive
infection of the entire root resulting in plant death

Table 1 Origin of isolates in the Fusarium graminearum complex

Isolate Host Year Location TEF1-α identification (%)a Genbank accession number

F5030 Soybean flower 2008 Río Cuarto (Córdoba) F. meriodionale (100 %) JQ740897

F5048 Soybean pod 2008 Río Cuarto (Córdoba) F. meriodionale (99 %) JQ740896

F5043 Soybean seed 2008 Río Cuarto (Córdoba) F. meridionale (99 %) JQ740895

F5036 Soybean seed 2008 Río Cuarto (Córdoba) F. cortaderiae (99 %) JQ740894

F5050 Soybean pod 2008 Río Cuarto (Córdoba) F. graminearum (99 %) JQ740892

F5051 Soybean flower 2008 Río Cuarto (Córdoba) F. graminearum (100 %) JQ740893

a Percentage of maximum identity of TEF1-α sequence according to Blast database
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disease severity averaged over the isolates evaluated in this
study was approximately 3. Root-rot symptoms first ap-
peared as water-soaked lesions at the point of inoculation,
and were followed by a pink discolouration that spread,
both up and down the root (Fig. 2).

Discussion

Most studies of pathogenicity of members of F.
graminearum complex have focused on strains isolated
from wheat, barley and maize, and there is little informa-
tion on strains isolated from soybean. F. graminearum
sensu stricto is the only phylogenetic species in the F.
graminearum complex isolated from wheat, while F.
meridionale, F. boothii and F. graminearum sensu stricto
all have been recovered from corn in Argentina (Alvarez
et al. 2011; Ramirez et al. 2007; Sampietro et al. 2010,
2011). F. graminearum sensu stricto and F. meridionale
were isolated from soybean in Argentina (Barros et al.
2012). The translation elongation factor 1-α (TEF1-α)
gene occurs consistently as a single copy in Fusarium,
and is highly polymorphic among closely related species
(Rahjoo et al. 2008). We used partial TEF1-α gene se-
quences to assign members of the F. graminearum com-
plex to a phylogenetic species. Results of a survey dem-
onstrated thatF. cortaderiaewas recovered in low frequen-
cies from soybean (data unpublished). For this reason, one
F. cortaderiae isolate was included in this study together
with the two phylogenetic species more prevalent in soy-
bean in Argentina.

Several studies have reported that members of the F.
graminearum complex are pathogenic to soybean culti-
vars (Broders et al. 2007; Diaz Arias et al. 2013; Ellis
et al. 2011; Martinelli et al. 2004; Pioli et al. 2004; Xue

graminearum strains and soybean plants. However, the
strains were characterized using only morphological
criteria, and the difficulties in the recognition of species
within F. graminearum complex suggest that molecular
tools are necessary to assign them at phylogenetic spe-
cies level. Thus, although only a limited number of
isolates from each fungal species were evaluated in the
present study, this is the first report that demonstrates
pathogenicity of F. meridionale on soybean seedlings in
Argentina. As regard F. cortaderiae, only one isolate
was evaluated and further studies are necessary to con-
firm the pathogenic effect.

All of the isolates evaluated in the present study
caused root rot and significant difference in pathogenic-
ity was observed among at the three species were ob-
served. Themean disease severity among the six isolates
was slightly above the average reported by Xue et al.
(2007) for Canadian wheat isolates evaluated on differ-
ent soybean cultivars. There could be selection pressure
for highly aggressive F. graminearum isolates when
soybean is used in rotation with small grains and corn.
In this sense, Akinsanmi et al. (2007) demonstrated that
growth on an alternative host plant can influence the
aggressiveness of Fusarium graminearum on wheat
spikes.

In Argentina, soybean often is used in rotation with
wheat and other cereal crops in a reduced till or no-till
system. Species within the F. graminearum complex can
survive in crop residues left on the surface, increasing
the inoculum density and providing an inoculum source
for wheat or corn infections in subsequent year.
Recently, an increase in stalk and basal root rot in corn
caused by strains belonging to F. graminearum complex
was reported in the Center South region of Córdoba
Province (Marinelli et al. 2010). These findings could
be related to the widespread adoption of conservation
tillage as suggested by Munkvold (2003) and intensive
soybean cultivation.

The results obtained in the present study are consis-
tent with the hypothesis that different species within the
F. graminearum complex isolated from soybean are
pathogenic to soybean seedlings in Argentina. Further
studies are underway to characterize the aggressiveness

Fig. 2 Seedlings with different symptoms (infection confined to
inoculation site, normal seedling growth to highly affected plants,
and dead plants with entire root, cotyledons and first pair leaves rot)
caused by F. meridionale F5030 isolate 10 days after inoculation
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et al. 2007). In Argentina, Pioli et al. (2004) have
also observed a pathogenic association between F.



of strains with different mycotoxin chemotypes on soy-
bean and the role that mycotoxins play in the virulence
of strains of F. graminearum complex toward soybean.
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