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Summary

Grain samples from five wheat and five barley cultivars from different locations and planting dates were exami-
ned for the presence of Fusarium species. Fusarium graminearum was the primary species associated with
FHB (Fusarium head blight). It comprised 76 % and 60 % of all Fusarium species isolated from wheat grains in
2001 and 2002, respectively. Fusarium graminearum represented 65 % and 56 % of all Fusarium species
isolated from barley grains in 2001 and 2002, respectively. The frequencies with which Fusarium species other
than F. graminearum were recovered varied depending on both environment and host cultivar. In general, F.
avenaceum, F. culmorum and F. poae were the following most common species isolated from wheat grains,
whereas F. equiseti, F. acuminatum, and F. trincictum were less frequently isolated. Fusarium poae and F.
equiseti were the most common species isolated from barley grains after F. graminearum. Other Fusarium
species recovered in barley grains included F. avenaceum, F. sambucinum, F. trincictum, F. semitectum, and F.
chlamydosporum. All species were pathogenic on wheat and barley in inoculation tests in the greenhouse,
except F. semitectum on wheat. Greater FHB severity and incidence on wheat and barley spikes were obtained
with the F. graminearum isolates, followed by F. avenaceum and F. poae. Cultivars previously characterized as mode-
rately resistant to moderately susceptible showed the lowest FHB incidences, severities, percentages of Fusarium-
infested grains, and grains infested with F. graminearum in this field study. Data from this study raise the concern of the
possible presence of mycotoxins other than DON (deoxynivalenol) in wheat and barley grains.
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Resumen

Especies de Fusarium recuperadas de granos de trigo y
cebada en Uruguay, patogenicidad y contenido de
deoxinivalenol

Se examinaron granos provenientes de cinco cultivares de trigo y cinco de cebada, de distintas localidades y
fechas de siembra, por la presencia de especies de Fusarium. Fusarium graminearum fue la especie predomi-
nantemente asociada a FE (Fusariosis de la espiga) tanto en trigo como en cebada. La misma constituyé el 76
% y 60 % de todas las especies de Fusarium aisladas de los granos de trigo en 2001 y 2002, respectivamente
y representd el 65 % y 56 % del total de especies obtenidas en granos de cebada en 2001 y 2002, respectiva-
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mente. La frecuencia de aislamiento de especies diferentes a F. graminearum varié dependiendo del ambiente
y cultivar. En general, F. avenaceum, F. culmorum'y F. poae fueron las especies mas comunmente obtenidas a
partir de granos de trigo, mientras que F. equiseti, F. acuminatum y F. trincictum fueron las que se aislaron en
menor frecuencia. En los granos de cebada, las especies mas frecuentemente recuperadas luego de F.
graminearum, fueron F. poae y F. equiseti. Otras especies recuperadas de cebada incluyeron a F. avenaceum,
F. sambucinum, F. trincictum, F. semitectumy F. chlamydosporum. Todas las especies fueron patogénicas sobre
espigas de trigo y cebada en los estudios de inoculacion en el invernaculo, excepto F. semitectum en trigo. Las
mayores severidades e incidencias de FE en las espigas de trigo y cebada se obtuvieron con los aislamientos
de F. graminearum, seguidas por los de F. avenaceum y F. poae. Los cultivares previamente caracterizados
como moderadamente resistentes a moderadamente susceptibles mostraron los menores niveles de inciden-
cia y severidad de FE, porcentaje de granos infectados con Fusarium y granos infectados con F. graminearum.
La informacion obtenida en este trabajo plantea preocupacion en relacién a la posible presencia de otras

micotoxinas diferentes a DON (deoxinivalenol) en los granos de trigo y cebada en el pais.

Palabras clave: Fusariosis de la espiga, Fusarium graminearum, Triticum aestivum, Hordeum vulgare,

deoxinivalenol

Introduction

Fusarium head blight (FHB) has reemerged as a
devastating disease of wheat and barley worldwide.
Severe outbreaks have occurred in North America,
Asia, Europe (Dubin et al., 1997 Windels, 2000) and
in the southern cone of South America (de Galich,
1997; Diaz de Ackermann and Kohli, 1997). FHB is
currently one of the main constraints to wheat and
barley production in Uruguay.

Yield losses in wheat to FHB during the epidemic
years of 1990, 1991, and 1993 have been estimated
between 0.5 and 31 % (Diaz de Ackermann and
Kohli, 1997). Yield losses for barley have not been
thoroughly quantified, however FHB is considered
important in both crops because of the contamina-
tion of grain with mycotoxins. Deoxynivalenol (DON
or vomitoxin) is the most prevalent mycotoxin detec-
ted in Fusarium-infected grain in Uruguay (Pifieiro,
1997) and it is responsible for reducing the trading
value of grain.

Fusarium head blight of wheat and barley in Uru-
guay is incited mainly by Fusarium graminearum
(Schw.) [perfect stage Gibberella zeae (Schwabe)
Petch] (Boasso, 1961; Pritsch, 1995; Pereyra and
Stewart, 2001). Other Fusarium species also inci-
ting FHB included, F. culmorum and F. poae in wheat
grains (Stagno, 1980) and F. poae in barley (Pereyra

and Stewart, 2001). However, there has not been a
systematic survey of Fusarium species present in
wheat and barley grain in different cultivars, locations
and years.

The genus Fusarium includes a diversity of spe-
cies that differ in their distribution according to clima-
te, geography and host (Backhouse et al., 2001; Bo-
ttalico and Perrone, 2002; Doohan et al., 2003). Many
of these Fusarium species produce a number of myco-
toxins which pose a serious risk to human and ani-
mal health and generate great concern over the con-
tamination of food products. The identification of the
Fusarium species most prevalent in wheat and bar-
ley grains is critical to determine the risk of contami-
nation by various toxins, and a necessary first step for
effective management strategies. Therefore, the ob-
jectives of this study were i) to quantify the most pre-
valent Fusarium species in wheat and barley grain, ii)
to quantify DON levels in wheat and barley grain, and
iii) to assess the potential of the most prevalent Fusa-
rium species to cause disease in wheat and barley
plants.

Materials and methods

Grain samples (0.2 kg) of wheat and barley were
collected from regional cultivar evaluation trials in
2001 and 2002. Five wheat and five barley cultivars
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that together comprised the bulk of the commercial
hectarage in Uruguay were tested each year at La
Estanzuela (Lat. 34°20°S, long. 57° 41°W), Young (Lat.
32° 41°S, long. 57° 37'W) and Paysandu (Lat. 32°
19°S, long. 58° 05°'W) and planted at different dates
(Table 1 and 2).

Assessments of FHB were conducted on plots (5-
m long, six rows, spacing 0.17 m) from which grains

were obtained at the growth stages mid-milk to soft-
dough (Zadoks growth stages 75-85, Zadoks et al.,
1974). Wheat and barley plots were visually asses-
sed based on a 0 to 100 % severity scale (percentage
of symptomatic spikelets per spike) and a 0 to 100 %
incidence scale (percentage of symptomatic spikes
for the plot).

Table 1. Percentages of Fusarium head blight incidence (Fl) and severity (FS) in five wheat
cultivars assessed in samples collected in regional cultivar evaluation trials in 2001 and 2002.

FHB cultivar

reaction! 2001 2002
Fl FS Fl FS Mean Mean
%) (%) (%) (%) F FS
INIA Mirlo 70 80 86 86 78 83
Estanzuela Pelén 90 2 60 56 86 76 73 66
Wheat INIA Boyero MS 76 70 90 90 83 80
cultivar  INIA Caburé S 26 20 - - (26)  (20)
INIA Churrinche MRMS - 66 50 (66)  (50)
MRMS
La Estanzuela- June12 70 56
Location La Estanzuela- July 30 52 48
and Young - June 28 86 76
planting  Young - July 31 22 48
date La Estanzuela- June 12 80 80
La Estanzuela- Aug.1 76 76
Young - June 14 96 70
Young - July 24 76 76
Mean 58 57 82 77

'After Castro et al. (2004, 2005).

2S: susceptible, MS: moderately susceptible; MR: moderately resistant.

Table 2. Percentages of Fusarium head blight incidence (FI) and severity (FS) in five barley
cultivars assessed in samples collected in regional cultivar evaluation trials in 2001 and 2002.

2001 2002
FHB cultivar FI FS FI FS Mean Mean
reaction! %) (%) (%) (%) F FS
Quilmes Ayelén MRMS?2 125 175 68 133 97 15.4
Clipper MS 330 375 83 183 207 279
Barley Estanzuela S 338 400 167 268 253 334
cultivar  Quebracho S 275 30.0 200 367 238 334
Perin S 350 40.0 150 183 250 292
Nortefia Carumbé
La Est. Jun16 26.0 320
La Est. Jun. 26 250 320
Location La Est. Jul. 28 39.0 420
and Pays., May 16 18.0 26.0
planting LaEst. Jun. 18 18.0 38.0
date La Est. Aug. 1 50 50
Young, Jun. 14 17.0 25.0
Mean 284 330 134 227

'After Castro et al. (2004, 2005).

28: susceptible, MS: moderately susceptible; MR: moderately resistant.
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One hundred arbitrarily selected kernels per culti-
var, planting date and location, were examined each
year. The grain samples were surface disinfected by
immersion in 0.5% sodium hypochlorite for 30 se-
conds, followed by immersion in 70 % ethanol for 15
seconds. The grain was then rinsed three times in
sterile deionized water and blotted dry on sterile filter
paper. Grain samples were plated onto pentachloro-
nitrobenzene (PCNB) agar medium in Petri plates
(Nash and Snyder, 1962). Twenty grains were placed
per Petri plate, with five replicates, each plate repre-
sented a replicate. Plates were incubated at 20-
22 °C with 12-h light and dark cycles provided by a
1:1 combination of cool white (F40/CW 25; Phillips,
Sommerset, NJ) and blacklight (F40T12/BLB
TL40W/08; Phillips, Sommerset, NJ) fluorescent lig-
hts for seven days. Subsequently, colonies growing
with salmon to pink-white color were recorded as
Fusarium species. Single conidial cultures were ob-
tained by streaking a spore suspension made from
the PCNB cultures onto water agar medium and trans-
ferring a single conidium, with a piece of surroun-
ding agar. The proportion of Gibberella zeae colo-
nies was determined by transferring 10 arbitrarily se-
lected Fusarium spp. single conidial colonies to car-
nation-leaf piece agar (CLA) medium (Fischer et al.,
1982) and potato-dextrose agar (PDA). Cultures on
CLA were incubated at 20-22 °C with 12-h light and
dark cycles for 15-20 days. The formation of bluish to
black perithecia in CLA cultures indicated the pre-
sence of G. zeae. Fusarium colonies not forming
perithecia were identified to species, based on pro-
cedures and descriptions outlined by Nelson et al.
(1983) and Burgess et al. (1994).

Deoxynivalenol analyses were performed on all
grain samples using a fluorometric quantitation me-
thod with Romer FluoroQuant®-DON (Romer Labs
Inc., Union, MO) according to Malone et al. (1998).

Pathogenicity tests were conducted with single
conidial isolates from different species and environ-
ments (locations/planting dates) collected in 2002.
Tests were performed in the greenhouse with sus-
ceptible wheat line LE 2294 and susceptible barley
cultivar Estanzuela Quebracho. Seeds were sown in
plastic pots (150 by 150 mm, diam. by height) contai-
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ning a 1:1:1 mixture of sand:soil:commercial subs-
trate (Plantmax®, Eucatex, S&o Paulo, Brazil). Five
seeds were planted per pot and thinned to two plants
per pot. Plants were maintained at 20 to 25 °C with
alternating 12-h light (high pressure sodium SON
lamps, 400W, Phillips, Belgium) and dark periods.

Conidia were produced by incubating isolates on
soybean medium (40 g of soybeans boiled in deioni-
zed water for 25 min, filtered through two layers of
cheesecloth, adjusted to 1L; 15 g of agar) in Petri
plates for 14 days. Conidia were harvested by adding
10 ml of sterile distilled water to each plate and gen-
tly scraping the culture with a sterile cover glass. Ino-
culum concentrations were adjusted to 2 x 10* ma-
croconidia and microconidia per ml. One to two
spikes per pot (five pots per isolate per plant species)
were inoculated at mid-anthesis (Zadoks growth sta-
ges 65; Zadoks et al., 1974) using an airbrush (mo-
del VL3, Paasche Air Brush Company, Harwood Heig-
hts, IL) delivering 0.2 ml of inoculum per spike. Con-
trols were mock-inoculated with sterile deionized
water. Inoculated plants were incubated in a dew
chamber at 20-22 °C with a 12-h photoperiod and
100% relative humidity for 72 h. After incubation, plants
were returned to the greenhouse and grown under
the same conditions used prior to inoculation. Disea-
se severity was evaluated 21 days after inoculation
and expressed as the percentage of symptomatic
spikelets per spike.

Fusarium species data were subjected to logistic
regression using the SAS procedure GENMOD (ver-
sion 8.1, SAS Institute Inc., Cary, NC). The results are
presented as the likelihood ratio statistics of the Chi-
square distribution. Pathogenicity data were subjec-
ted to analysis of variance using the GLM procedure
of SAS (version 8.1, SAS Institute Inc., Cary, NC). Where
the F ratio was significant (P<0.05), differences
among treatment means were separated using
Fischer's protected least significant differences (LSD)
test. Data for FHB severity, FHB incidence, Fusarium
spp. and F. graminearum isolation frequency, and
DON concentration were subjected to Pearson co-
rrelation analyses to measure associations. Correla-
tion was not performed with other Fusarium species
because they were recovered at very low frequencies.
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Results

Disease assessments

The percentage FHB incidence (FI) and severity
(FS) in the wheat cultivars were generally higher than
the Fl and FS in barley (Tables 1 and 2). The mean
FI and FS in wheat, across cultivars and environ-
ments, were generally higher in 2002 than in 2001
(Table 1). The lowest Fl and FS in wheat were obtai-
ned in cultivars INIA Caburé in 2001 and INIA Churrin-
che in 2002. In 2001, the highest FI and FS were
observed in Young in plots planted on June 28. In
2002, all environments examined had high FI and
FS and differences among sites or planting dates
were not apparent.

The mean Fl and FS for barley, across cultivars
and environments, were higher in 2001 compared to
2002 (Table 2). In both years, the lowest disease
incidences and severities were observed in Quilmes
Ayelén. In 2001, cultivars other than Quilmes Ayelén
had similar high incidences and severities. For this
year, the average Fl and FS at Paysandu was lower
than the average Fl and FS for any of the planting
dates at La Estanzuela. In 2002 the mean Fl and FS
values for barley were lowest at the late planting date
(August 1) in La Estanzuela.

Isolation frequency of Fusarium species and DON
content

Wheat grain colonization by Fusarium species ave-
raged 32 % in 2001 and 51 % in 2002. Fusarium was
isolated from 31 % and 18 % of barley grains in 2001
and 2002, respectively.

There was a significant effect of wheat cultivar in
2001 on the frequency of isolation of Fusarium spe-
cies (Table 3). INIA Caburé had the lowest frequency
of isolation of Fusarium species in 2001. Although
the differences were not significant, in 2001, early
planting dates had higher Fusarium isolation frequen-
cies than late planting dates, irrespective of location.
In 2002, there was a significant effect of environment
on the frequency of Fusarium species recovered. The
late planting date at La Estanzuela and the early plan-
ting date at Young had the lowest percentages of
Fusarium species recovered from wheat. The culti-
var by environment interaction was significant in 2001
and 2002.

In both years, the recovery of Fusarium species
from barley samples was significantly influenced by
cultivar (Table 4). The cultivar Quilmes Ayelén con-
sistently had the lowest frequencies of Fusarium-in-
fested grain. Pertn had the highest frequency of Fu-
sarium-infested grain in 2001, while Estanzuela Que-

Table 3. Infestation by Fusarium species (%) and deoxynivalenol (DON) content (ppm) in wheat samples
collected from five cultivars and eight environments over 2001 and 2002.

2001 2002
Total DON | Total DON
F Fp Fav Fcu Fe F F Fav Fcu Fe Fac Ft
sppp 19 'P (pm) [spp 9 P (ppm)
Wheat INIA Mirlo 37.3aB 291 21 18 44 10 32 54.0 401 100 48 13 0 43 0 4.0
cultivar Estanzuela Pel6n 90 | 32.0a 240 16 42 0 23 57 50.8 338 19 78 15 19 0 39 6.2
INIA Boyero 38a 281 0 62 15 0 101 |538 305 54 94 59 0 0 26 101
INIA Caburé 230b 181 15 18 14 03 57 - - - - - - - - -
INIA Churrinche - - - - - - 46.8 261 28 121 0 0 0 116 47
P>X2 (cult.) 0.0002 ns.
Locationand La Est. Jun12 34.8 265 15 09 44 16 174
planting date La Est. Jul. 30 29.8 223 0 92 0 21 78
Young, Jun. 28 35.0 257 21 58 15 0 5.8
Young, Jul., 31 285 237 16 18 14 0 6.6
La Est. Jun. 12 67.5a 401 125 104 34 19 0 39 38
La Est. Aug. 1 36.0c 164 90 67 0 0 31 28 27
Young, Jun. 14 400c 245 28 73 38 0 12 25 100
Young, Jul. 24 595b 429 24 97 15 0 0 28 711
P>X2 (env.) 0.0791 0.0001
P>X2 (cult'env.) 0.0066 0.0001

A Total spp.: Fusarium species; Fg: Fusarium graminearum; Fp: F. poae; Fav: F. avenaceum; Fcu: F. culmorum; Fe: F. equiseti; Fac: F.

acuminatum; Ft: F. trincictum.

B Values are mean percentages of all grains sampled. Values with different letters are significantly different at P=0.0001 based on likelihood ratio

statistics.
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Table 4. Infestation by Fusarium species (%) and deoxynivalenol (DON) content (ppm) in barley samples
collected from five cultivars and seven environments over 2001 and 2002.

2001 2002
Total DON Total DON
F Fp Fav Fe Fac Fsa Ft F F Fav Fe Fac Fsa Ft Fse Fch

sppp 9P (pm) |spp 9 P (ppm)
Quilmes Ayelén 183c2 98 68 17 0 0 0 0 74 90d 53 13 18 0 0 0 05 0 0 4.0
Clipper 32.8b 170 80 05 36 19 0 19 87 143c 72 23 07 17 07 07 0 11 0 32
Estanzuela Quebracho | 34.0b 244 18 20 33 0 0 9.8 269a 152 107 0 07 0 0 0 0 0 5.8
Pertin 435a 386 58 0 59 0 18 0 17.8 190b 71 61 08 16 0 07 11 0 0 42
Nortefia Carumbé 28.3b 208 26 0 54 0 0 0 59 193b 89 56 11 11 0 08 0 0 19 22
P>X2 (cult.) 0.0001 0.0001
La Est. Jun16 30.8b 216 42 0 32 0 0 0 14.0
La Est. Jun. 26 428a 322 12 2 24 15 0 15 120
La Est. Jul. 28 446a 219 91 16 65 0 14 0 6.8
Pays., May 16 72¢ 15 29 05 24 0 0 0 6.8
La Est. Jun. 18 196a 120 38 10 13 0 0 36 06 0 4.0
La Est. Aug. 1 216a 92 96 03 13 0 0 0 0 12 13
Young, Jun. 14 118b 60 22 14 04 04 13 0 0 0 6.3
P>X2 (env.) 0.0001 0.0009
P>X2 (cult*env.) 0.0001 0.0197

ATotal spp.: Fusarium species; Fg: Fusarium graminearum; Fp: F. poae; Fav: F. avenaceum; Fe: F. equiseti; Fac: F. acuminatum; Fsa: F.
sambucinum; Ft: F. trincictum; Fse: F. semitectum; Fch: F. chlamydosporum.
8 Values are mean percentages of all grains sampled. Values with different letters are significantly different at P=0.0001 based on likelihood ratio

statistics.

bracho had the highest infestation in 2002. In 2001,
grain at Paysandu had the lowest Fusarium isolation
frequency. In 2002, a significantly lower percentage
of Fusarium-infested grain was obtained in Young.
The interaction between cultivars and environment
was significant for Fusarium-infested barley grain in
both 2001 and 2002.

Seven Fusarium species were isolated from the
wheat grains and nine from the sampled barley gra-
ins (Fig. 1). The Fusarium species F. graminearum,
F. avenaceum, F. poae, F. equiseti, F. acuminatum,
and F. trincictum were found in grains of both crops.
Fusarium culmorum was only recovered from wheat,
while F. sambucinum, F. semitectum, and F. chla-
mydosporum were only isolated from barley. In 2002,
F. acuminatum and F. trincictum were recovered from
wheat grains although they had not been recovered
from wheat sampled the previous year. Similarly, F.
semitectum and F. chamydosporum were isolated for
the first time from barley grains in 2002.

Fusarium graminearum was the most frequently
recovered species in both years from wheat and bar-
ley samples in all environments sampled (Tables 3
and 4; Fig.1). Fusarium graminearum comprised 65
% and 56 % of the Fusarium species recovered from
barley grains in 2001 and 2002 (Fig. 1). The isolation

frequencies of F. graminearum in both crops and
years followed the same pattern as the isolation fre-
quencies of all Fusarium species, regardless of cul-
tivars and environment. The frequencies, with which
Fusarium species other than F. graminearum were
recovered, varied depending on both the environment
and host cultivar (Tables 3 and 4).

Fusarium avenaceum was the second most com-
monly recovered species from wheat grains (Fig. 1).
The frequency with which F. avenaceum was isola-
ted varied depending on the wheat cultivar and envi-
ronment. Fusarium avenaceum was more frequently
recovered from INIA Boyero in both 2001 and 2002
and from INIA Churrinche in 2002. This species was
isolated most frequently from wheat grains from the
2001 late planting date at La Estanzuela and from the
early planting date at La Estanzuela and the late plan-
ting date at Young in 2002 (Table 3).

Fusarium culmorum was never isolated from more
than 6 % of the wheat grain samples examined and
was not isolated from Estanzuela Pelén in 2001, or
from INIA Churrinche in 2002. Fusarium culmorum
was not isolated from late planted grain grown at La
Estanzuela in either 2001 or 2002. Fusarium culmo-
rum was not recovered from INIA Boyero or from any
cultivar at the late planting date at La Estanzuela in



Fusarium species in wheat and barley, pathogenicity and deoxynivalenol content 39

F.
F.
avenaceum oMM WHEAT
1% 2001

F. equiseti
3%

£ F
acuminatum sambucinum _F. trincictum BARLEY

1% J 1% 2001

F.
avenaceum

F. acuminatum F. tr/gca:/rctum
2% °

WHEAT
2002

F. culmorum
4%

F. trincictum ,F'
semitectum

1% BARLEY
F. acum. oo 2002

. 0,
F. sambucinum__ 2%.

Figure 1. Frequency of Fusarium species isolated from wheat and barley grain sampled from field trials in 2001

and 2002.

2001. The remaining Fusarium species recovered
from wheat grains represented less than 4 % on ave-
rage, except F. trincictum which was isolated from
6% of wheat grain in 2002 (Fig. 1), principally from
the wheat cultivar INIA Churrinche (Table 3).

Fusarium poae was the second most frequently
recovered Fusarium species from barley (Fig. 1). In
Paysandu, F. poae was recovered at a higher frequen-
cy than F. graminearum. Fusarium poae was recove-
red from all barley cultivars and environments, but
was most frequently isolated in 2001 from Clipper
and in 2002 from Estanzuela Quebracho. In both
years, F. poae was most frequently recovered from
barley grains sampled from the late planting dates at
La Estanzuela (Table 4).

Fusarium equiseti represented the third most fre-
quently isolated species from barley grains in both
years (Fig. 1). It was isolated from all environments
and all cultivars, except from Quilmes Ayelén (Table
4). The other Fusarium species recovered were
found in less than 5 % of the barley grains tested and
recovery varied according to the cultivar and environ-
ment (Fig. 1, Table 4).

Deoxynivalenol was detected in all wheat and barley
samples tested in 2001 and 2002 (Tables 3 and 4). The
DON content of individual samples ranged from 1.3 to
13.0 ppmin 2001 and 1.6 to 19.0 ppm in 2002 for wheat
and from 1.8 to 34.0 ppm in 2001 and 0.5 t0 9.1 ppm in
2002 for barley. The highest levels of DON were consis-
tently obtained from the wheat cultivar INIA Boyero and
the barley cultivars Perin and Estanzuela Quebracho.
The highest mean DON content in wheat was observed
in the samples collected at the early planting date at La
Estanzuela in 2001 and at Young in 2002 (Table 3). Bar-
ley grains collected in La Estanzuela in 2001 and in
Young in 2002 had the highest mean DON concentra-
tions for barley (Table 4).

Pathogenicity tests

All Fusarium isolates tested caused visible
symptoms of FHB in wheat and barley spikes, except
for the isolates of F. sambucinum and F. semitectum
on wheat (Table 5). The F. graminearum isolates
generated greater FHB severities in wheat and bar-
ley plants than the other Fusarium isolates tested.
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Table 5. Fusarium head blight (FHB) severity (%), 21 days after inoculation, for wheat
and barley plants inoculated with Fusarium isolates recovered from wheat and barley

grain sampled from regional field trials.

Isolate and host from which isolate FHB severity (%)
was recovered Wheat Barley
F. graminearum — wheat 21.2" a? 12.8
F. graminearum - barley 12.9b 14.3
F. poae - wheat 47cd 10.1
F. poae - barley 7.7 bc 1.2
F. avenaceum - wheat 41cd 6.9
F. avenaceum - barley 8.7 bc 6.0
F. equiseti - wheat 4.0cd 4.6
F. equiseti - barley 3.0cd 9.6
F. acuminatum - wheat 7.3 bed 8.0
F. acuminatum - barley 7.0 bcd 7.9
F. trincictum - wheat 49cd 2.7
F. trincictum - barley 4.4 cd 6.3
F. sambucinum - barley 0d 8.8
F. semitectum - barley 0d 2.9
F. chlamydosporum - barley 4.6 cd 7.9
F. culmorum — wheat 9.5bc 3.2
P> 0.0001 n.s.

"Values given are the mean of ten replicates.

2Values in a column followed by different lower case letter are significantly different at P= 0.05 according to LSD tests.

Fusarium isolates varied significantly in disease
severity on wheat. Fusarium graminearum isolated
from wheat caused significantly higher FHB severity
on wheat spikes than other F. graminearum isolates
tested. There was a trend for obtaining higher mean
FHB severities for the F. graminearum isolates isola-
ted from barley inoculated on barley spikes when
compared with the rest of the species tested, howe-
ver differences were not significant. Spikes mock-
inoculated with water did not develop any symptoms
of FHB.

Correlation tests

The incidence and severity of FHB assessed at
the experimental sites were positively correlated with
the percentage of grains infested with Fusarium spe-
cies, the percentage of grains infested with F. grami-
nearum, and DON content (Table 6). The highest
correlation coefficients were between Fusarium spe-
cies and F. graminearum, FHB incidence and isola-
tion frequency of Fusarium species and between FHB
severity and isolation frequency of Fusarium species

in 2001 for both wheat and barley (Table 6). There
was also a positive correlation between the F. grami-
nearum isolation frequency and the DON content in
both crops, although this was only significant for bar-
ley sampled in 2001. The correlation coefficients
among the other variables examined were very low
and were not significant (Table 6).

Discussion

FHB occurred widely in the wheat and barley pro-
duction areas of Uruguay in 2001 and 2002, and di-
sease incidence and severity varied according to
wheat and barley genotype and environment. The
information obtained in this study examining the most
popular wheat and barley cultivars in that period, grown
at different locations and planting dates, provided a
means to characterize the 2001 and 2002 epidemics
in terms of the prevalent Fusarium species, disease
incidence and severity, and DON accumulation.

In general, cultivars characterized as moderately
resistant to moderately susceptible, like INIA Caburé,
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Table 6. Pearson correlation coefficients for relationships among Fusa-
rium head blight (FHB) incidence (FI) and FHB severity (FS) assessed in
the field at milk to soft dough, percentage of harvested grain infested with
all Fusarium species (Fus. spp.) and with Fusarium graminearum (Fg),
and deoxynivalenol (DON) content (ppm) of grain, measured in field stu-
dies in 2001 and 2002. Data were combined for all environments and

cultivars included each year.

Wheat Barley
Comparison 2001 2002 2001 2002
Fl - Fus. spp. 0.701 0.01 0.64 0.22
FS - Fus. spp. 0.70 0.37 0.57 0.20
FI-Fg 0.41 0.02 0.54 0.36
FS-Fg 0.43 0.18 0.56 0.41
FI-DON 0.37 0.52 0.27 0.55
FS-DON 0.04 0.07 0.24 0.59
Fus. spp .- Fg 0.85 0.83 0.92 0.83
Fg - DON 0.15 0.10 0.71 0.09

" Pearson correlation coefficients with P<0.05 are shown in bold.

INIA Churrinche (in wheat) and Quilmes Ayelén in
barley (Castro et al., 2004; Castro et al., 2005), had
the lowest incidences and severities of FHB, percen-
tages of Fusarium-infested grain and F. graminea-
rum-infested grain. Conversely, susceptible cultivars,
such as INIA Boyero (wheat) and Perun (barley), had
the highest level of disease and DON content of har-
vested grain. Given that the barley cultivars Quilmes
Ayelén and Per(n had similar heading dates in all
environments tested, Quilmes Ayelén may have some
resistance to FHB which resulted in lower FHB di-
sease ratings and levels of F. graminearum-infested
grains. The wheat cultivar INIA Mirlo and barley culti-
var Nortefia Carumbé had consistently high levels of
disease and F. graminearum-infested grain, howe-
ver, they also had the lowest levels of DON in both
years. Mechanisms of resistance which prevent toxin

accumulation in wheat have been proposed by Mes-
terhazy (1995). Further research is needed to corro-
borate if any of the cultivars examined in this study
have resistance with a specific effect on DON accu-
mulation.

Climatic conditions in relation to heading/flowe-
ring dates and grain filling period (Pereyra, 2005)
might explain some of the variation in FHB inciden-
ce, severity, and the proportions of Fusarium species
recovered among the different environments tested.
Climatic influences on FHB have been reported by
Langseth et al. (1995), Salas et al. (1999), and Do-
ohan et al. (2003). Ascospore production and spike
infection are favored by moist conditions, especially
in wheat during flowering and in barley between hea-
ding and harvest (Bushnell et al., 2003; Doohan et al.,
2003). In 2001, early plantings (June) at La Estanzue-
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la and Young had the highest levels of FHB, F. grami-
nearum-infested grains and DON. This was probably
a consequence of the wheat and barley spikes being
exposed to longer periods favorable for disease de-
velopment as plots received rainfall at and after flo-
wering. Favorable conditions for infection with fre-
quent rains greater than 0.2 mm occurred in late
September at La Estanzuela and Young. Barley plan-
ted at Paysandu in 2001 experienced fewer rain
events as it was harvested earlier (mid-November)
than the rest of the 2001 trials. This may explain the
low level of FHB in barley at this site. In 2002, favora-
ble conditions for FHB occurred in all tested environ-
ments. Barley planted at La Estanzuela in August 2002
had the lowest levels of FHB at milk grain stage, howe-
ver barley at La Estanzuela also had the highest per-
centage of Fusarium-infested grains in 2002.

The results from isolation and identification of
Fusarium species in wheat and barley grains clearly
confirmed that the main species associated with FHB
in Uruguay is F. graminearum as suggested by pre-
vious studies (Boasso, 1961; Pritsch, 1995; Pereyra
and Stewart, 2001). Similar results are reported for
North America (McMullen et al., 1997; Salas et al.,
1999; Clear and Patrick, 2000), some regions of Euro-
pe (Parry et al., 1995) and other countries in South
America (Reis, 1988; Lori et al., 2003). Fusarium gra-
minearum is widespread in the southern cone of South
America and has been isolated from a wide range of
hosts (Reis, 1988; Pereyra and Dill-Macky, 2008).

Subsequent studies focusing on the phylogenetic
lineages [or phylogenetic species according to
O’Donnell et al. (2004)] of F. graminearum sensu lato
have shown that phylogenetic lineage 7 (F. grami-
nearum sensu O'Donnell) was the most common
lineage isolated from wheat grains obtained from far-
mers fields in Uruguay during 2001, 2002, and 2003
(Pereyra et al., 2006). Other lineages found included
lineage 1 (F. austroamericanum) and lineage 8 (F.
cortaderiae). Presence of these lineages have alrea-
dy been cited in the Southern Cone of South America
by several authors (Leslie and Bowden, 2005;
O’Donnell et al., 2004; Zeller et al., 2002; Zeller et al.,
2003).

In terms of toxin production, strains of F. graminea-
rum sensu lato have been classified as either DON-
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chemotype IA, producing DON and 3-acetyl-DON and
found especially in warmer cereal growing regions,
or DON-chemotype IB, producing DON and 15-ace-
tyl-DON in slightly cooler regions (Miller et al., 1991).
Uruguayan isolates of F. graminearum belong to che-
motype IB (Pifieiro, 1997; Pereyra et al., 2006). Isola-
tes of Fusarium graminearum from Uruguay also cha-
racteristically produce zearalenone (ZEA) (Pifeiro,
1997).

Fusarium avenaceum was the second most com-
mon species found in wheat grains while either F.
culmorum or F. poae was the third most common spe-
cies, depending on the year. These three species
are most often found in cooler production areas (Bac-
khouse et al., 2001; Bottalico and Perrone, 2002) and
this might explain the higher incidence of these spe-
cies at the early planting dates in the southern region
of Uruguay (La Estanzuela) where cooler conditions
occurred at heading/flowering. Fusarium culmorum
is known to produce DON (Thrane, 2001) and thus
would likely contribute to DON levels in wheat grains
when present. Fusarium avenaceum produces mainly
moniliformin (MON), while F. poae produces diace-
toxyscirpenol (DAS), fusarenon (FUS), nivalenol (NIV),
T-2 and HT-2 (Thrane, 2001; Bottalico and Perrone,
2002). Among the other less frequently recovered
species in wheat were F. equiseti (producing DAS
and ZEA), F. acuminatum (producing T2), and F. trin-
cictum (producing MON) (Thrane, 2001; Bottalico and
Perrone, 2002).

Fusarium poae was the second most prevalent
species in barley grains. Under Uruguayan conditio-
ns, infection by F. poae usually occurs at boot stage
(G. S. 45-49; Zadoks et al., 1974), infecting the spike
through the flag leaf sheath in late-August or early-
September when lower temperatures are generally
more favorable for disease development. The patho-
genicity and increasingly wide distribution of F. poae
in barley should not be overlooked by barley breeding
programs when screening lines for resistance to FHB.

A greater range of Fusarium species was found in
barley compared to wheat, including the species F.
sambucinum, F. semitectum, and F. chlamydosporum,
which were not isolated from any wheat samples. All
species recovered from grain caused FHB symptoms,
except F. sambucinum and F. semitectum inoculated
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onto wheat. The highest levels of FHB occurred in
spikes of wheat and barley inoculated with F. grami-
nearum. The prevalence of individual species and
their relative frequencies within the FHB pathogen
complex may fluctuate in response to host factors
(host species, cultivar) and climate, as associated
with location, (temperature, rainfall patterns, humidi-
ty, soil type) (Backhouse et al., 2001; Doohan et al.,
2003; Waalwijk et al., 2003; Shah et al., 2005). This
study demonstrated that both pathogenic (i.e. F. gra-
minearum, F. avenaceum and F. poae) and opportu-
nistic Fusarium species (i.e. F. equiseti) may co-exist
in a contaminated crop. These species mixtures may
generate unique mycotoxigenic profiles in the conta-
minated grain.

The highest correlation coefficients in this study
between the percentage of Fusarium-infested grains
and the percentage of F. graminearum-infested gra-
ins were not surprising as F. graminearum was the
predominant species in the Fusarium complex. The
low correlation coefficients between field FHB inci-
dence and DON, as well as between field FHB seve-
rity and DON, in both crops might be explained by
many factors as reported by Blaney and Dodman
(2002), Cromey et al. (2002) and Mirocha et al. (1989).
Results from this study suggest that the presence of
non-DON producing species of Fusarium provides
an additional source of variation to the estimation of
DON content in grains based on FHB symptoms.
Furthermore, the presence of Cochliobolus sativus,
a common pathogen of barley in Uruguay (Pereyra,
1996) causing lesions similar to FHB in the spikes,
was significant in both years.

The results from this study have also shown that
several potentially important toxin-producing Fusa-
rium species are common under natural conditions
in wheat and barley grains in Uruguay.
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