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Abstract

Fusarium head blight is a fungal disease caused by a complex of Fusarium

species on cereals, such as barley and wheat. It has economic impacts due

to yield reductions and mycotoxin contamination. As barley production

has increased considerably in the last 5 years in Argentina, a survey was

conducted for identifying Fusarium species associated with barley grains.

Fusarium cerealis was isolated and identified based on morphological and

molecular analysis. The potential production of nivalenol and zearalenone

was assessed using specific PCR assays. Koch′s postulates were carried out

to confirm the pathogenicity of the fungus.

Introduction

Fusarium head blight (FHB) is a major disease of

wheat, barley and other small grain cereals, caused by

a complex of Fusarium species. This disease reduces

grain yield and can also produce (depending on the

associated Fusarium species) different mycotoxins,

especially trichothecenes, a group that can cause a

wide range of acute and chronic effects in humans

and animals (D’Mello et al. 1999). Deoxynivalenol

(DON) and nivalenol (NIV) are considered the most

widespread type B trichothecenes produced by Fusari-

um species isolated from small grain cereals. DON and

NIV can be produced by several Fusarium species, such

as Fusarium graminearum, F. culmorum, F. poae and

F. cerealis, among others (Desjardins 2006). Zearale-

none (ZEA) is a polyketide mycotoxin produced by

some Fusarium species that has an oestrogenic effect

on mammals affecting their reproductive systems

(Desjardins 2006).

Barley (Hordeum vulgare L.) is one of the most

widely grown winter cereal crops in Argentina (1.5 M

ha in 2012) and is primarily grown for use as malted

barley. However, barley grain of insufficient quality

for the brewing process is used as source of energy

and protein for farm livestock.

Fusarium head blight symptoms on barley include

premature necrosis and a brown/grey discolouration

of the spike (Boddu et al. 2006), and the presence of

Fusarium species in barley grain poses a risk to con-

sumers because of the associated mycotoxins.

Fusarium cerealis (synonym of F. crookwellense, see

www.mycobank.org) has been isolated from wheat-

growing areas at low frequencies (Gale 2003; Alvarez

et al. 2011; Schmale et al. 2011). However, less exten-

sive surveys of the incidence of Fusarium spp. in barley

grains have been undertaken to date. To our knowl-

edge, little is known (Barreto et al. 2004; Casta~nares

et al. 2012) about the occurrence and distribution of

Fusarium species in barley grains in Argentina; hence,

the aim of this study was to report the occurrence of

F. cerealis on barley grains based on both morphologi-

cal and molecular methods. As F. cerealis was reported

to produce NIV and ZEA (di Menna et al. 1991; Miller

et al. 1991), the potential ability to produce these tox-

ins was tested using specific PCR assays.
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Material and Methods

A survey of fungi in a barley (cv. Shakira) seed lot

from a field located at Treinta de Agosto (36°16′0″
S, 62°33′0″ W), Buenos Aires, Argentina, in the

2011 growing season, was conducted. Four-hundred

seeds were surface sterilized (70% EtOH for 2 min;

5% NaClO for 2 min), rinsed twice in sterilized dis-

tilled water, plated on 2% potato dextrose agar

(PDA) and incubated at 24 � 2°C in a 12-h dark/

light cycle. Ten fungal colonies morphologically sim-

ilar to Fusarium were observed after 6 days of incu-

bation. For identification, all isolates were taken and

purified through monosporic culture and transferred

onto PDA and carnation leaf agar (CLA) to grow in

the same conditions as described above. Identifica-

tion to species based on morphological traits was

carried out for all the isolates according to Leslie

and Summerell (2006).

For Koch′s postulates, a pathogenicity test was con-

ducted using a hand sprayer to inoculate 30 barley

(cv. Shakira) heads selected at random in potted

plants (one plant per pot with �5 heads per plant)

with a 5-ml spore suspension (8 9 104 conidia/ml).

Ten heads selected at random from different potted

barley plants were sprayed with sterile distilled water

as a control. The whole plants were covered with

polyethylene bags and incubated for 3 days in a

growth chamber under a 12-h light/dark cycle at

22 � 2°C. Plants were unbagged and moved into a

greenhouse. Twenty days after inoculation, the spik-

elets were visually evaluated for disease symptoms.

DNA of the monosporic fungus morphologically

identified as F. cerealis was extracted as described pre-

viously (Stenglein and Balatti 2006) and identified to

species level by sequencing portions of the reductase

(RED), trichothecene 3-O-acetyltransferase (tri101)

and translation elongation factor (TEF) genes (Ward

et al. 2008). PCR products were purified with the aid

of a PureLink PCR purification kit (Invitrogen, L€ohne,

Germany). DNA sequencing, from both the sense and

antisense ends of the fragments, was carried out using

Big Dye Terminator version 3.1 Cycle Sequencing

Ready Reaction Kit (Applied Biosystems, Foster City,

CA, USA) in an Applied Biosystems Sequencer (ABI/

Hitachi Genetic Analyzer 3130). Similarities of the

fragments with previously published sequences were

examined with BLASTN (Altschul et al. 1990) on the

NCBI website. The sequences generated in this study

were submitted to GenBank.

Additionally, the isolate was tested for the potential

to produce NIV based on the Tri7 gene and ZEA based

on the PKS4 gene, using specific PCR primers accord-

ing to Quarta et al. (2006) and Meng et al. (2010),

respectively.

All PCRs were carried out in a 25-ll final volume

containing 12–15 ng of genomic DNA, 109 reaction

buffer [2 mM Tris–HCl pH 8.0, 10 mM KCl, 0.01 mM

EDTA, 1 mM DTT, 50% (v/v) glycerol, 0.5% (v/v)

Tween� 20, 0.5% (v/v) Nonidet�P40], 0.5 lM of each

primer, 200 lM of each dNTP (Genbiotech S.R.L.,

Buenos Aires, Argentina), 2.5 mM MgCl2 and 1.25

units of Taq DNA polymerase (InbioHighway, Tandil,

Argentina). DNA amplifications were performed in an

XP thermal cycler (Bioer Technology Co, Hangzhou,

China) with an initial denaturing step at 95°C for

2 min; followed by 29 cycles at 95°C for 30 s, 57°C
(for RED and tri101 primers) for 35 s and 72°C for

45 s; and a final extension cycle at 72°C for 2 min.

The annealing temperature was modified according to

the primers used: 54°C (TEF), 53°C (NIV) and 60°C
(ZEA). Each reaction was performed twice. Products

were examined by electrophoresis in 1.5% (w/v) aga-

rose gels containing GelRedTM (Biotium, Hayward,

CA, USA) at 80 V in 19 Trisborate–EDTA buffer for

2 h at room temperature. Fragments were visualized

under UV light. The size of the DNA fragments was

estimated by comparing the DNA bands with a 100-bp

DNA ladder (Genbiotech S.R.L.). Gel images were

photographed with a digital DOC 6490 system (Biody-

namics S.R.L., Buenos Aires, Argentina).

Results and Discussion

One isolate, when growing on PDA, produced abun-

dant white aerial mycelium and formed red pigments

in the medium. Abundant sporodochia were

observed. On CLA, macroconidia were abundant and

formed monophialides in pale orange sporodochia,

falcate with the dorsal side more curved than the ven-

Fig. 1 Fusarium cerealis macroconidia. Scale bar 25 lm.
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tral, commonly five septate (Fig. 1). Microconidia

were not observed. Chlamydospores in aerial hyphae

and in macroconidia were observed after 4 weeks

in chains and clusters. The fungus was identified as

F. cerealis (Cooke) Sacc. (synonym F. crookwellense

Burgess, Nelson & Toussoun) on the basis of morpho-

logical characters.

Twenty days after inoculation, control spikelets

were asymptomatic, and inoculated spikelets showed

discoloration and/or a tan to dark brown necrosis

(Fig. 2). Portions of the rachis were brown to dark

brown. The fungus was re-isolated from symptomatic

kernels and identified based on morphological traits,

demonstrating the pathogenicity on barley spikes.

The RED (accession no. JX682529), tri101 (acces-

sion no. JX682530) and TEF (accession no.

JX682531) sequences showed 100% similarity with

several F. cerealis sequences, confirming the morpho-

logical identification (Table 1).

Fusarium cerealis was first isolated from potato

tubers in Australia in 1971 (Burgess et al. 1982) and

is frequently found in temperate regions being

reported in Australia, Canada, Japan, New Zealand,

South Africa, the USA and different parts of Europe

(Chandler et al. 2003; Lauren et al. 1992; Leslie and

Summerell 2006; Schmale et al. 2011; Sugiura et al.

1993). L�opez et al. (1997) isolated F. cerealis from

maize, and Alvarez et al. (2011) recovered two iso-

lates of this Fusarium species from wheat grains in

Argentina. Moreover, Zhang et al. (2011) reported

the first occurrence of F. cerealis causing FHB on

barley in China.

Fusarium cerealis is considered a minor component

of the FHB species complex with the ability to pro-

duce NIV and ZEA in vitro (di Menna et al. 1991;

Miller et al. 1991) and was suggested to be one of the

Fusarium species responsible for NIV/ZEA contamina-

tion of wheat grains in Hokkaido, Japan (Sugiura

et al. 1993). Our results based on PCR assays con-

firmed the potential of this species to produce NIV

and ZEA based on the amplification of a 625- and

280-bp product (Fig. 3), respectively (Quarta et al.

2006; Meng et al. 2010).

To our knowledge, this is the first report of F. cerealis

associated with barley kernels in Argentina. Consider-

ing the increasing importance of barley in Argentina

and the potential of this fungus to cause head blight

and mycotoxins, a large-scale survey of F. cerealis on

barley crops in Argentina is underway.Fig. 2 Fusarium cerealis symptoms on barley.

Table 1 Fusarium cerealis sequences identity compared with published

GenBank accessions

F. cerealis sequence e-Value Identity (%) GenBank accession no.

RED

JX682529

0.0

0.0

0.0

100

100

100

EF428900

DQ382043

AF212576

tri101

JX682530

0.0

0.0

0.0

100

100

100

AF212612

HQ149735

JF911476

TEF

JX682531

0.0

0.0

0.0

100

100

99

GQ915505

FJ939661

FJ939660

N     FcN    - M     Z     FcZ    -

625 bp

280 bp

Fig. 3 Amplification of the NIV- and ZEA-specific fragments of Fusarium

cerealis. (N) positive NIV control (F. austroamericanum NRRL 2903),

(FcN) F. cerealis NIV reaction, (�) negative control, (M) molecular 100-

bp marker, (Z) positive ZEA control (F. graminearum sensu stricto NRRL

31084), (FcZ) F. cerealis ZEA reaction, (�) negative control. NRRL iso-

lates were kindly provided by the ARS Culture Collection.
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