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Abstract 
Stenglein, S. A., Dinolfo, M. I., Barros, G., Bongiorno, F., Chulze, S. N., and Moreno, M. V. 2014. Fusarium poae pathogenicity and mycotoxin 
accumulation on selected wheat and barley genotypes at a single location in Argentina. Plant Dis. 98:1733-1738. 

Fusarium poae is a relatively weak pathogen with increasing im-
portance in cereal grains, principally due to its capacity to produce 
several mycotoxins. In this study, we evaluated the pathogenicity and 
toxin accumulation of individual F. poae isolates on wheat and barley 
under natural conditions for 3 years. Analysis of variance demonstrated 
significant differences for year–genotype, year–isolate, genotype–
isolate, and year–genotype–isolate interactions for both incidence and 
disease severity. Based on contrast analysis, ‘Apogee’ was more sus-
ceptible than the other wheat genotypes, wheat genotypes were more 

susceptible than barley genotypes, durum wheat genotypes were more 
susceptible than bread wheat genotypes, and barley genotype ‘Scarlett’ 
had greater symptom development per spike than the other barley 
genotypes. Neither HT-2 nor T-2 toxins were detected in the grain 
samples. However, high levels of nivalenol were found in both wheat 
and barley samples. The increased reported isolation of F. poae from 
wheat and barley and the high capacity of this fungus to produce niva-
lenol underlie the need for more studies on F. poae–host interactions, 
especially for barley. 

 
Fusarium head blight (FHB) or scab is an insidious disease of 

wheat (both Triticum aestivum and T. durum) and barley (Hordeum 
vulgare) that not only reduces grain quality and yield but also may 
cause kernel contamination with mycotoxins. 

Wheat and barley are the two most important winter crops in Ar-
gentina. Production of these grains is for both export and local 
consumption, with bread wheat for bread, durum wheat for noo-
dles, barley for malting, and all for animal feed. 

Although Fusarium graminearum Schwabe is the predominant 
FHB agent worldwide on small cereal grains, F. culmorum (Wm. 
G. Sm.) Sacc., F. avenaceum (Fr.) Sacc., and F. poae (Peck) Wol-
lenw. are commonly isolated. In recent years, changes in the fre-
quency or abundance of Fusarium spp. have been observed 
(17,18,34). Some studies suggest that this variability may be due, 
in part, to environmental or agronomic practices. For example, Xu 
et al. (33) observed that Fusarium spp. variation depend on envi-
ronmental variables such as warmer, drier, or more humid condi-
tions, whereas Fernandez et al. (15) associated Fusarium spp. var-
iation with production practices such as crop rotation, tillage 
systems, and herbicide use, among others. 

Fusarium spp. populations are studied continuously in different 
countries, on different hosts, or in different conditions. F. poae is a 
relatively weak pathogen with a high frequency of isolation in 
cereal surveys in recent years, such as Argentina, Canada, Ger-
many, and Italy, among other countries (5,6,9,17,28). 

Mycotoxins can cause adverse effects in humans and animals 
through ingestion of contaminated cereal grains, where trichothe-
cenes (inhibitors of eukariotic protein synthesis) are considered the 
most important toxins produced by Fusarium spp. (4,12). Among 
the mycotoxins produced by F. poae, nivalenol (NIV), a type B 

trichothecene, was cited as one of the most common mycotoxins 
produced by this fungus (19,32,35). Moreover, F. poae can produce 
trichothecenes of type A such as T-2 and HT-2, among others (30). 

Strategies that contribute to prevent or reduce FHB include inoc-
ulum reduction through agronomic practices and the use of 
germplasm with improved levels of tolerance (14,15). In this way, 
different studies were conducted to analyze the F. graminearum–
wheat or –barley interactions (1,20). However, few studies about F. 
poae–wheat or –barley interactions or toxin grain accumulation are 
available (7,29,32). 

The hypothesis of this study was that the response and accu-
mulation of NIV, HT-2, and T-2 toxins of selected wheat (bread 
and durum) and barley genotypes inoculated with F. poae are geno-
type and isolate dependent. 

Materials and Methods 
Inoculum production. Four monosporic F. poae isolates iso-

lated from bread wheat (TSS1a, TSa1a, MICAT01, and MICAT08) 
and one isolate obtained from barley grains (HSu1a), all confirmed 
previously by a polymerase chain reaction (PCR) species-specific 
assay and with the potential to produce NIV, were used individu-
ally in this study (10,11). Fungal inoculum was produced by plac-
ing individual agar plugs with mycelium and conidia onto potato 
dextrose agar (PDA; Britania) in petri dishes (90 by 20 mm) and 
incubating for 7 days at 25 ± 2°C under 12 h each of light and 
darkness. The conidial harvest was done by flooding the plates 
with 5 ml of sterilized distilled water (SDW) and dislodging the 
conidia with a bent glass rod. The resulting suspension was filtered 
through cheesecloth and the conidial suspension was adjusted to 1 
× 105 conidia/ml with a Neubauer hemacytometer and binocular 
stereoscope. Tween 20 (0.05%) was added to the suspension as a 
surfactant. 

Field assays and experimental design. Five wheat genotypes 
were used for this study: ‘Apogee’ (bread wheat), susceptible to F. 
poae (32); ‘Klein Chajá’ (bread wheat); ‘Buck Biguá’ (bread 
wheat); ‘Chagual’ (durum wheat); and ‘Cumenai’ (durum wheat). 
The three barley genotypes included in the study were ‘Scarlett’ 
(the two-row barley genotype sown by most growers in Argentina), 

Corresponding author: S. A. Stenglein, E-mail: stenglein@faa.unicen.edu.ar 

Accepted for publication 16 June 2014. 

http://dx.doi.org/10.1094/PDIS-02-14-0182-RE 
© 2014 The American Phytopathological Society 



1734 Plant Disease / Vol. 98 No. 12 

‘Barke’ (two-row), and ‘B1215’ (two-row). Seed of each genotype 
were surface-disinfected by soaking in 50% ethanol for 3 min and 
sodium hypochlorite (commercial 55 g/liter) for 3 min, then rinsed 
three times with SDW. 

Field assays were carried out on the experimental farm at the 
Faculty of Agronomy, Azul, Buenos Aires province, Argentina 
(36°49′53′′ S, 59°53′23′′ W). The soil is a typical Argiudoll and 
conventional tillage operations (once with a disc plow and harrow 
to a depth of 15 cm) were made in all years. 

The field experiment was a randomized complete block design 
with three replicates, where the 40 treatments (eight genotypes by 
five isolates) were randomized for each block. Each plot size was 1 
by 0.4 m and genotypes were sown at 350 seeds/m2. The distance 
between plots was 1 m. The field trials were done during the 2009, 
2010, and 2012 harvest seasons, without supplemental irrigation. 
Sowing dates ranged from 7 to 20 July in the 3 years because they 
were adjusted for the different genotypes to ensure uniformity in 
timing of inoculum applications. This adjustment was based on 
previous observations in 2007 and 2008 of the growth stages of 
these genotypes. Plants were grown in the absence of any nutri-
tional or pest stress, except that no fungicide treatments were ap-
plied. Temperature, relative humidity, and precipitation data (from 
inoculation to harvest during 2009, 2010, and 2012) were obtained 
from the National Meteorological Center-weather station, located 
100 m from the experimental site (Table 1). 

Complete plots were inoculated. Wheat heads were inoculated in 
mid-anthesis according to Vogelgsang et al. (32) and barley when 
>50% of the plants had reached anthesis according to Buerstmayr 
et al. (8). Conidial suspensions of each fungal isolate were applied 
until run-off using a gravity spray gun. SDW with Tween 20 was 
used to inoculate and served as control treatment. 

Visual disease assessment (incidence, number of spikes with 
symptoms, and severity, number of spikelets with symptoms per 
spike) was conducted at 20 days postinoculation by counting the 
number of symptomatic grains (lesions or bleaching of grains or 
glumes with a dark margin) of 30 spikes/plot selected at random. 
Blocks were combine threshed in December and cleaned manually. 

To check the possibility of contamination with other Fusarium 
spp., 50 grains/block were surface disinfected (70% ethanol for 2 
min and 5% sodium hypochlorite for 2 min, then finally rinsed 
twice in SDW) and placed on PDA with 0.25 g of chloram-
phenicol and incubated for 7 days at 25 ± 2°C under 12 h each of 
light and darkness. Fusarium spp. were identified according to 
Leslie and Summerell (21). For mycotoxin assessment, a sub-
sample of 25 g was obtained using a grain divider and ground 
with a sample mill. 

Data analyses. For incidence and severity, combined analyses 
across years, plant genotypes, isolates, and the interactions were 
subjected to an analysis of variance (ANOVA) using version 2012 
of the INFOSTAT software (13). The experiment was analyzed as a 
factorial design with years, genotypes, and isolates as factors. Per-
centage data (incidence and severity) were transformed using the 
arcsin square root function before ANOVA. Contrasts were per-
formed between Apogee (used as susceptible control) versus the 
other wheat genotypes, wheat versus barley genotypes, durum 
versus bread wheat genotypes, and Scarlett versus B1215 or Barke 
barley genotypes. 

NIV, HT-2, and T2 analysis. For toxin extraction, each sample 
was finely ground in a mill with a 1-mm2 mesh (Cyclotech, Foss 
Tecator; Thermo Scientic, Rockford, IL) and homogenized accord-

ing to Barros et al. (3). A subsample of 25 g was extracted by mix-
ing with 100 ml of acetonitrile/water (84:16, vol/vol), shaken for 2 
h on a oscillatory shaker, then filtered through Whatman number 4 
filter paper. Clean-up was carried out with a Mycosep 227 column 
(Romer Labs Inc., Union, MO). The filtrate (8 ml) was transferred 
to a culture tube and slowly pressed into the interior of the tube 
with the rubber flange end turned down, until 6 ml of the extract 
had passed through the column. Then, 1 ml of the purified extract 
was transferred to a vial and evaporated to dryness under nitrogen 
at 60°C in a heating block (Thermo Scientific). 

The detection of NIV was performed using the method de-
scribed by Barros et al. (3). The dried residue obtained after My-
cosep 227 column clean-up was dissolved in 400 µl of metha-
nol/water (5:95, vol/vol), homogenized in a vortex mixer, and 
injected into the high-performance liquid chromatography (HPLC) 
system by full-loop injection technique (model 1100 pump; 
Hewlett Packard, Palo Alto, CA; and Rheodyne manual injector 
with a 50-µl loop; Rheodyne, Cotati, CA). The HPLC system con-
sisted of a Hewlett Packard model 1100 pump connected to a 
Hewlett Packard 1100 Series variable-wavelength detector and a 
data module Hewlett Packard Kayak XA (HP ChemStation Rev. 
A.06.01). Chromatographic separations were performed on a Luna 
C18

 
reversed-phase column (100 by 4.6 mm, 5-µm particle size) 

connected to a SecurityGuard guard column (4 by 3.0 mm) filled 
with the same phase. The mobile phase consisted of metha-
nol/water (12:88, vol/vol), at a flow rate of 1.5 ml/min. The detec-
tor was set at 220 nm with an attenuation of 0.01 AUFS. 
Quantification was relative to external standard of NIV (Sigma-
Aldrich, St. Louis). Four working solutions to perform calibration 
were prepared with concentrations of NIV 0.5, 1, 2, and 4 µg/ml in 
methanol/water (5:95). The calibration curve showed good linear-
ity for the mycotoxin, with an R2 = 0.99. The detection limit was 
50 ng/g based on a signal-to-noise ratio 3:1. 

The dried residue was derivatized as previously described for T-
2 and HT-2 toxins by Visconti et al. (31). DMAP solution (50 µl at 
0.325 µg/µl in toluene) followed by 50 µl of 1-AN reagent (0.3 
µg/µl in toluene) were added to the dried residue. The vial was 
closed and mixed by vortex for 1 min. The mixture was left to react 

Table 1. Temperature, relative humidity (RH), and accumulated precipitation during 2009, 2010, and 2012 growing seasons (from inoculation to harvest)a 

 Temperature (°C)   

Year Average Average minimum Average maximum RH% (average) Precipitation (mm) 

2009 16.6 (11.0–22.3) 9.2 (0.8–16.9) 23.7 (16.0–31.5) 66.8 (38.0–95.5) 171.1 
2010 16.6 (9.4–23.3) 8.9 (–1.1–16.0) 24.2 (16.8–34.5) 67.2 (43.0–92.5) 131.5 
2012 18.0 (11.6–23.8) 11.6 (4.0–18.5) 24.6 (16.0–31.9) 72.2 (57.0–94.8) 241.5 

a Weather station was located 100 m from the experimental site and data were taken every 30 min. 

Table 2. Analyses of variance of the disease incidence and severity of 
wheat and barley genotypes inoculated with Fusarium poae 

Source df Mean squares F value P value 

Incidence     
Year (Y) 2 0.05 139.19 0.0002 
Genotype (G) 7 0.05 109.45 <0.0001 
Isolate (I) 4 0.003 7.83 <0.0001 
Block (B) 2 0.001 3.10 0.0470 
Y × G 14 0.03 59.51 <0.0001 
Y × I 8 0.003 4.59 <0.0001 
I × G 28 0.003 3.17 <0.0001 
Y × G × I 56 0.003 2.13 0.0001 

Severity     
Year (Y) 2 0.80 295.44 <0.0001 
Genotype (G) 7 0.53 80.05 <0.0001 
Isolate (I) 4 0.05 7.38 <0.0001 
Block (B) 2 0.01 1.27 0.2836 
Y × G 14 0.24 35.91 <0.0001 
Y × I 8 0.03 3.85 0.0003 
I × G 28 0.02 3.18 <0.0001 
Y × G × I 56 0.01 1.70 0.0040 
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for 15 min at 50°C in a heater block and then cooled in ice for 10 
min. The reaction mixture was dried under a gentle stream of nitro-
gen at 50°C, reconstituted with 1,000 µl of an acetonitrile/water 
(70:30, vol/vol) mixture, and homogenized in a vortex mixer for 30 
s. The solution (50 µl) was injected into the HPLC system by the 
full-loop injection technique (Hewlett Packard model 1100 pump 
and Rheodyne manual injector with a 50-µl loop). Chromato-
graphic separations were performed on a Phenyl-Hexyl Luna col-
umn (150 by 4.6 mm i.d., 5-μm particle size; Luna-Phenomenex, 
Torrance, CA) connected to a precolumn Security Guard (20 by 4.6 
mm i.d., 5-μm particle size; Phenomenex). The flow rate of the 
mobile phase was 1.0 ml/min. A binary gradient was applied as 
follows: the initial composition of the mobile phase, 70% acetoni-
trile and 30% water, was kept constant for 5 min, and then the 
acetonitrile content was linearly increased to 85% in 10 min and 
kept constant for 10 min. Finally, to clean the column, the amount 
of acetonitrile was increased to 100% in 2 min and kept constant 
for 5 min. The mycotoxins were detected by fluorometric detection 
(Hewlett Packard model 1046A programmable fluorescence detec-
tor) at 381 nm (excitation wavelength) and 470 nm (emission 

wavelength) and quantified by a data module Hewlett Packard 
Kayak XA (HP ChemStation Rev. A.06.01). The limit of detection 
for the method was 25 µg/kg for T-2 and HT-2, based on a signal-
to-noise ratio of 3:1. 

Results 
Analyses from control blocks indicated no symptom develop-

ment by F. poae isolates and the absence of mycotoxins in the 
control blocks was also confirmed. However, we observed 1 to 5% 
contamination with F. graminearum on some blocks for 2012. 

Significant differences were detected for the combined analysis 
of genotype–isolate, year–genotype, year–isolate, and year–geno-
type–isolate interactions for both incidence and disease severity, 
and block for incidence (Table 2). All genotypes tested showed 
symptoms with all the isolates used for the experiments, and sig-
nificant differences for genotype–isolate were found (Table 2). In 
general, the barley genotypes used in our study were more resistant 
than the wheat genotypes for both incidence and severity, and Apo-
gee was the most susceptible genotype compared with all the geno-
types tested (Fig. 1). In the same way, the year–genotype (Fig. 2) 

Fig. 1. Genotype–isolate interaction for A, incidence and B, severity of Fusarium head blight caused by Fusarium poae on wheat and barley across years. HSu1a (), MICAT01 
(), MICAT08 (▲), TSa1a (), and TSS1a (). Scarlett, Barke, and B1215 are barley genotypes. Apogee, Chagual, Chajá, Biguá, and Cumenai are wheat genotypes. 
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and year–isolate (Fig. 3) interactions were significant, with 2009 
having greater symptom development. 

For 2009, Apogee had the greatest incidence and severity (86 
and 13.6%, respectively) with isolate TSS1a and Barke had the 
lowest (26.6 and 2.2%, respectively) with isolate HSu1a. For 2010, 
Apogee had the greatest incidence and severity (55 and 5.6%, re-
spectively) for with TSS1a and the least (0 and 0%, respectively) 
for B1215 with MICAT01. Finally, in 2012, Apogee again had the 
greatest incidence and severity (53.3 and 3.9%, respectively) with 
TSS1a and Barke the lowest (15 and 0.9%, respectively) with 
MICAT01 (data not shown). 

Contrasts were all significant for incidence and only the contrast 
between Scarlett versus B1215 or Barke was not significant for 
severity. Apogee was more susceptible than the other wheat geno-
types, wheat genotypes were more susceptible than barley geno-
types, durum wheat genotypes were more susceptible than bread 
wheat genotypes, and Scarlett had greater symptom development 
per spike than the other barley genotypes. 

T-2 and HT-2 toxins were not detected in any of the samples 
analyzed. NIV was detected in samples from the 2009 and 2010 
harvest seasons but not from the 2012 harvest season. NIV was 
produced by all isolates in all genotypes, except for Barke barley. 

In 2009, we found NIV in samples of Scarlett inoculated with 
HSu1a (0.2 µg/g) and TSS1a (10.8 µg/g), B1215 inoculated with 
TSa1a (0.62 µg/g), Apogee with HSu1a (2.7 µg/g), Chajá with 
HSu1a (2.1 µg/g), Biguá with MICAT01 (16.1 µg/g), and Chagual 
with TSS1a (0.6 µg/g). In 2010, NIV was detected only in samples 
of Chagual inoculated with TSS1a (0.6 µg/g) and Cumenai with 
MICAT08 (0.3 µg/g). The low number of samples with NIV did 
not allow us to perform a statistical analysis. 

Discussion 
F. poae pathogenicity shows genotype, isolate, and climatic de-

pendence, and mycotoxin production (NIV) also varies according 
the year, genotype, and isolate. 

Because tillage practices and crop residues were similar in the 3 
years of this study, our results indicated that differences in climatic 
factors were sufficiently different to result in variation in disease 
symptoms. Other researchers have also found that environmental 
conditions play a fundamental role in Fusarium spp.–host interac-
tions (32,33). 

F. poae isolates used in our study were capable of producing dis-
ease on all genotypes tested. Moreover, previous observations 
demonstrated that isolates obtained from wheat or barley grains 

Fig. 2. Year–genotype interaction for A, incidence and B, severity of Fusarium head blight caused by Fusarium poae on wheat and barley. Apogee (), B1215 (), Barke 
(▲), Biguá (ν), Chagual (), Chajá (), Cumenai (), and Scarlett (∧). Scarlett, Barke, and B1215 are barley genotypes. Apogee, Chagual, Chajá, Biguá, and Cumenai 
are wheat genotypes. 
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caused symptoms on both plant species, supporting previous obser-
vations that F. poae isolates are not host specific (29). This result is 
relevant for Argentina and other countries where wheat and barley 
cereals are cultivated near one another and with similar sowing 
dates, indicating the possibility of F. poae cross-infections between 
both crops. 

The genotypes inoculated with F. poae developed different 
symptom severities, and wheat and barley genotypes differed sig-
nificantly for incidence and severity, which agrees with other 
works (2,32). The current study confirms that Apogee is very 
susceptible to F. poae, indicating that it could be an excellent 
genotype for studying not only F. poae–wheat interactions but also 
plant–pathogen interactions with other Fusarium spp. (22). 
Moreover, because FHB symptoms are related to climatic 
conditions, Apogee could be an excellent genotype to use as a 
positive FHB control in breeding programs. 

Contrasts between wheat and barley genotypes demonstrated 
that the wheat genotypes used in our study are more susceptible 
than the barley ones. This result could be explained by the differ-
ences in temporal and spatial flowering patterns or the possibility 
of resistance genes present in barley but not in wheat genotypes. 

Differences for incidence were observed for barley genotypes; 
Scarlett is the most widely grown barley genotype in Argentina and 
attention is needed in order to develop breeding programs to im-
prove resistance to F. poae and other Fusarium spp. Durum wheat 
genotypes used in our study were more susceptible than bread 
wheat genotypes to F. poae, in accordance with other reports that 
used other Fusarium spp. for similar studies (1,23,26). 

Neither HT-2 nor T-2 toxins were detected in the grain samples 
analyzed. HT-2/T-2 production is not common in F. poae isolates 
(30) and was detected only in some wheat samples and in low con-
centrations by Vogelgsang et al. (32). In contrast, all F. poae iso-
lates produced NIV, and the concentrations detected in wheat 
ranged between 0.2 and 16.1 µg/g, and between 0.3 and 10.8 µg/g 
in barley. The high NIV values found in wheat and barley samples 
showed that F. poae could present a serious risk for wheat and 
barley products. Deoxynivalenol (DON), commonly produced by 
F. graminearum, is one of the principal quality problems of malt-
ing barley (27). Recently, Nielsen et al. (25) demonstrated that F. 
poae affects malting and brewing parameters, and that F. poae 
DNA showed a significant positive relationship with NIV. How-
ever, specific studies on the effect of NIV on beer are needed. Both 

Fig. 3. Year–isolate interaction for A, incidence and B, severity of Fusarium head blight caused by Fusarium poae on wheat and barley. HSu1a (), MICAT01 (), MICAT08 
(▲), TSa1a (), and TSS1a (). 
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DON and NIV inhibit DNA and protein synthesis, inhibit cell me-
tabolism, decrease cellular metabolism and cell proliferation, and 
induce apoptosis, with some analyses identifying NIV as more 
toxic than DON (24). 

Vogelgsang et al. (32) found a high correlation between F. poae 
incidence and NIV grain content and suggested that this toxin 
might play a role in the F. poae pathogenesis. Unfortunately, our 
data on NIV concentration were not sufficient to test this sugges-
tion. However, in 2009, we observed more symptom development 
and NIV grain content than in other years. Again, this situation 
could be explained by the climatic conditions. None of the grain 
samples of barley genotype Barke contained NIV, although F. poae 
isolates were capable of producing symptoms. One possibility that 
needs future work is that Barke possesses genes controlling NIV 
accumulation, as is the case for DON (16,26). 

Although the majority of pathogenicity and toxin studies use the 
F. graminearum–wheat or –barley interaction, the increased re-
ported isolation of F. poae worldwide from different grain samples 
and the high capacity to produce NIV of this species justified more 
studies of these interactions, especially the less studied F. poae–
barley. 
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