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ABSTRACT

Fusarium head blight (FHB), primarily caused by a fungal plant pathogen Fusarium graminearum, is a
devastating disease of wheat and other cereals. FHB reduces yield, but also the quality and feeding value of
the crop. The fungus produces the mycotoxin deoxynivalenol (DON) that poses a significant threat to the
health of domestic animals and humans. In 2019 Fusarium epidemic occurred not only the southern and
eastern parts of Hungary, but affected other area of Central Europe. The mycotoxin patterns varied
tremendously, depending on the geographic area, different resistance levels of wheat genotypes, weather and
soil conditions and cropping factors. In this survey 192 samples of different bread wheat (7riticum aestivum
L.) genotypes from three geographically different regions were tested for DON toxin contamination by
HPLC-MS method. Average levels of mycotoxin contamination 3.80 mg/kg; it is three times higher than the
European maximum limit for unprocessed cereals intended for human consumption. The content range is
very wide (0.15 —20.71 mg/kg), 76% of the samples exceeded the EU risk threshold level.
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INTRODUCTION

Fusarium head blight (FHB), also known as scab, is an important fungal disease of wheat,
barley and other cereals (MESTERHAZY, 1984; MOSCHINI ET AL., 2001). FHB results not
only reduction in yield, but also spoils quality and usability (SAYLER, 1998; GOSHWAMI
AND-KISTLER,2004). The main causes of FHB are F. graminearum and F. culmorum in
Europe, but F. graminearum is also the predominant species in the United States (TOTH ET
AL., 2008; DOOHANET AL., 1998; XU ET AL., 2005). These fungus species can produce
harmful secondary metabolites, called mycotoxins, which can cause food and feed safety
risk The most important Fusarium mycotoxin is DON (deoxynivalenol) belongs to the type
B trichothecenes family (DESJARDINS AND PROCTOR, 2007). DON and other trichothecenes
(TERZI ET AL., 2014) can inhibit eukaryotic protein synthesis and can cause anorexia,
diarrhea, vomiting, cell death, gastrointestinal function, immune suppression and can
confuse the action of growth hormones (PESTKA, 2010). This is the reason that the EU and
the countries of the world have set strict limit values for treated and untreated cereals and
food (SELAMAT AND IQBAL, 2016). Fusarium sporulation and wheat head infection is
favored by moist, warm conditions during flowering. The warming weather inhibits
disease and toxin development, but there are years with moderate warm and wet flowering
periods (like in 2019) supporting outbreak of heavy epidemics and toxin contamination
(MORETTI ET AL., 2018). The FHB is most severe in warm and wet conditions during
anthesis (MESTERHAZY, 1995; PARRY ET AL., 1995). In 2019, weather conditions were
favorable for Fusarium infections, in May the amount of precipitation was 134 mm, while
rainfall was also in surplus through July. This significant precipitation level was the major
precursor to Fusarium mold growth, so a strong Fusarium epidemic occurred in most
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regions of wheat growing area of the country. In 2019, Fusarium infection caused
enormous problems in the whole southern European region. The west Romanian and north
Serbian territories showed similar picture in DON contamination (COTUNA ET AL., 2021)
and this was the same on the Hungarian side of the border.

MATERIALS AND METHODS

Plant materials

Different bread wheat (7rtiticum aestivum L.) genotypes from two conventional breeding
nurseries (192 samples) were tested for DON toxin contamination in 2019. Samples
derived from the south part of Hungary near Szeged and Mako, the distance between the
two locations is 31 km. The ninety-six tested wheat genotypes with wide genetic
background were the same at both locations. Furthermore 24 wheat samples derived from
Taplanszentkereszt (close to Szombathely). All the tested genotypes chose from breeding
materials of the Cereal Research Non Profit Ltd. We examined four experimental block,
every block contained twenty different species combination and four controls.

Toxin extraction and analysis

The samples were ground into flour using a laboratory mill Perten Laboratory Mill 3310,
Perten Instruments, United Kingdom). Four ml of acetonitrile:water mixture (84:16) was
weighed into centrifuge tubes to which 1-1 g flour samples were added. These were
extracted on a vertical shaker (Stuart STR4 rotator, Stuart Equipment, United Kingdom)
for 2.5 hours. The samples were then centrifuged at 4400 rpm for 10 min (Heraeus
Megafuge 8, Thermo Fischer Scientific, United States). One ml of the supernatant was
pressurized under high pressure through an alumina:activated carbon (20/1) SPE tube. 500
ul of the purified material was measured into vials and then evaporated. The residual solid
was redissolved in acetonitrile:water (20:80) and the sample was homogenized by
vortexing and sonication for 5 min. Subsequently, the DON toxin content of the sample
was determined using an Agilent 1260 HPLC equipped with DAD instrument (Agilent,
United States). A Zorbax SB-Aq (3.5 pm, 4.6 x 50 mm) HPLC column (Agilent, United
States) with a ZorbaxSB-Aq (3.5 um, 4.6 x 12.5 mm) pre-column was used to separate the
sample components. Five pl of the prepared samples was injected onto the HPLC column.
The flow rate was one ml/min. The column temperature was maintained at 40 °C.
Detection was performed at 219 nm. All the used chemicals purchased from Sigma Aldrich
Ltd. Correlation and regression analyses based on the Excel built-in functions.

RESULTS

In case of samples derived from Szeged the average DON toxin contamination was 1.84
mg/kg, this value is higher than the EU threshold level (1.25 mg/kg). From the genotypes
we examined more than 55% had higher DON toxin content than the EU limit value. The
content range is very wide, from 0.15 mg/kg to 8.02 mg/kg (Figure 1.). The controls
(orange lines on the figures) had 1.44 mg/kg average DON contamination. 46% of the
genotypes had lower toxin content than the average control value. Only 2% of the
examined genotypes had lower DON contamination than those of the most resistant control
species.
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Figure 1. DON toxin contamination of different genotypes from Szeged, Csongrad-Csanad
county, 2019
In Maké the DON contamination of the samples was much higher than in Szeged. The
average value was 5.77 mg/kg, which is almost five times higher than the EU limit.
(Figure 2.) Furthermore, in Maké only 3.13% of the examined genotypes had lower DON
toxin contamination than the EU risk threshold level, and 6.25% had lower toxin content
than the most resistant control. Average control contamination was 3.63 mg/kg.
22 Mako

Figure 2. DON toxin contamination of different genotypes from Mak6, Csongrad-Csanad
county, 2019

The possible reason for the DON content differences between samples arrived from Szeged
and Mako, the uneven precipitation distribution. In May the rainfall level was the same
(~134 mm) in the two locations, but in June the precipitation level was 206 mm in Mako,
and only the half of this value in Szeged despite of the small distance. For us the most
important information was the several genotypes that were low toxin contaminated in both
tests (Figure 3.). From these results, the good yielding lines will be identified and also
genotypes having better quality and resistance also to other diseases like leaf rust, leaf
spots, etc. It is very important that there are exploitable differences between lines not bred
with FHB resistance, which can develop the portfolio of the Cereal Research Institute.
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Figure 3. The correlation and regression of the DON toxin contamination in Szeged and
Mako. Green spots shows the genotypes which had lower toxin contamination than the EU
limit in both locations. The box shows those genotypes which had lower toxin content than

the controls average contamination.

In Téplanszentkereszt, which is located in the northwest part of Hungary, the average DON
content was 1.5 mg/kg, and 50% of the examined genotypes had lower toxin level than the
EU limit value (Figure 4.). 33% of the samples had lower toxin content than the most
resistant control. The average toxin contamination was 1.92 mg/kg in case of the control

species.
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Figure 4. DON toxin contamination of different genotypes from Taplanszentkereszt, Vas
county, 2019
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DISCUSSION

In 2019, due to the favorable weather conditions, there was a remarkable Fusarium
epidemic in the southern part of Hungary. The average internal Fusarium spp. infestation
level was 22.9 for the whole country (CSERTAN-HALASZ, 2019). Detailed values show that
the infection level is not the same for all counties. As breeding stations of the Cereal
Research Nonprofit Ltd. are in Csongrad-Csanad and Vas counties, we focused on the
DON toxin content of samples derived from these regions. Based on the survey of National
Food Chain Safety Office, in Csongrad-Csandd county the internal Fusarium spp.
infestation level was 21.17%, till in Vas county, this value didn’t reach the 5%. Although
we can find counties close 50% values, mainly on the Great Plain.

The average DON toxin content is similar in Szeged and Taplanszentkereszt (1.84 and 1.5
mg/kg, respectively), but the internal Fusarium infestation levels are different in the two
locations. These results confirm that we have to check the toxin contamination of the
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cereal samples besides the phenotypical evaluation of the symptoms caused by Fusarium,
because in some cases only slight correlation can be found between the two types of data.

Furthermore large differences can be found between the three locations in same genotypes

(Figure 5.). On the one hand the different weather conditions can explain the distinct toxin

values. The different ecological and agro-technical factors indirectly also can influence the

infection levels.
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Figure 5. DON toxin contamination of different genotypes from Taplanszentkereszt,
Szeged and Mako, 2019
We found only three genotypes on the two locations which had lower toxin contamination
than the EU limit value and only two samples had lower toxin content than the most resistant
control toxin level. It is essential to monitor the toxins in our cereals, because of the given
circumstances, in case of same species there can be found extremely high differences. It is
known that occurrence of natural infection is periodical, less predictable than the artificial
inoculation results, but the data provide a useful feedback for the breeding work. It is
important that wheat genotypes were identified with low DON contamination in both tests

across two and three locations.
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