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Abstract

BEZDEKOVA KRISTYNA, SAFRANKOVA IVANA, VICHOVA JANA. 2016. Occurrence of Fusarium
spp. on Malting Barley Grains in the Czech Republic During 2011-2013. Acta Universitatis Agriculturae

et Silviculturae Mendelianae Brunensis, 64(5): 1441-1451.

During 2011-2013, the frequency of occurrence and species spectrum of Fusarium fungi occurring
on grains of five malting varieties of spring barley (Aksamit, Bojos, Malz, Radegast, and Kangoo) were
monitored at two locations (Kromé&¥iZ and Zab¢ice, Czech Republic). The effect of three fungicide
treatment variants on Fusarium species suppression was also evaluated. During the monitored period,
five species were detected: F. poae, E culmorum, E. graminearum, F. avenaceum, and . tricinctum. The most
frequently isolated species was F poae. Radegast had the highest frequency of naturally occurring
Fusarium fungi, while Kangoo was the least infected variety at both locations. The greatest fungicide
effectiveness against Fusarium spp. occurrence on ears was recorded after the variant with application
of Hutton at BBCH 39 and Prosaro 250 EC at BBCH 65. During the monitored years, Zab¢ice had
a higher rate of infection by Fusarium fungi. The rates of barley infection by Fusarium pathogens
differed among individual years, with the highest rate occurring in 2011 (16-17 %) and the lowest rate

in 2012 (1-2 %).
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INTRODUCTION

Barley is the third most common crop in the
Czech Republic and is grown primarily for human
food (beer and food products) and animal feeding
purposes. Spring barley is grown on ca 250,000
ha, which is 17.5 % of the total area sown to cereals
(1,428,171 ha; Ministry of Agriculture, 2015).
Grain yield and quality is affected not only by
numerous agro-environmental factors (weather,
preceding crop, flowering period) but also by
pathogens and pests (Mesterhdzy, 2003; Paul et al.,
2005; Safrankova, et al. 2010; Kumar et al., 2015). Of
these latter, the greatest attention over the long
term has been dedicated to fungi from the genus
Fusarium, and in particular species producing
mycotoxins (Semaskiené et al., 2006; Kulik, 2008).
Seventeen Fusarium species are known to have been
recorded worldwide to date on barley (Bottalico
and Perrone, 2002; Barreto et al, 2004; Stenglein,
2009; Malachova et al., 2013; Gilbert and Tekauz,

2011; B&lakova et al., 2014). Of these, . graminearum,
F. culmorum, F. poae, and F. avenaceum are among
the mycotoxigenic species most frequently seen in
Europe, with E langsethiae and E tricinctum being less
common (Nicolaisen et al., 2009; Kmoch et al., 2012;
Nielsen et al., 2014). Higher occurrence of Fusarium
pathogens on ears is usually recorded during warm,
humid weather. Under advantageous weather
conditions, the onset of ear infection is very rapid
and the period suitable for effective protection is
therefore considerably shortened (Siru¢kova and
Kroutil, 2007; Wegulo et al., 2015).

Demethylation  inhibitor (DMI) fungicides
(i.e. triazols, including the active ingredients
metconazole, tebuconazole, and prothioconazole)
are currently considered to be the most effective
against ear infection by Fusarium spp. (Semagkiene
et al, 2006; Yu et al., 2011; Wise, 2015). Their
effectiveness is influenced by many factors, in
particular the variety’s resistance; the fungicide’s
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application date, coverage, and application rate; and
the pathogen population’s aggressiveness (Simpson
et al., 2001; Mesterhazy, 2003; Hudec and Muchovi,
2010).

The objectives of the present study were to
determine over three years (2011-2013) the Fusarium
species spectrum on the grains of malting barley
varieties grown in the Czech Republic, to record at
the monitored locations potential changes in the
proportions of individual species, and to evaluate
the sensitivity of selected malting barley varieties
to Fusarium pathogens and the effectiveness of
fungicides on their suppression.

MATERIALS AND METHODS

A small-plot experiment (10 m?) with five malting
varieties of spring barley (Aksamit, Bojos, Kangoo,
Malz, and Radegast) was established during
2011-2013 in two different agricultural production
areas in the Czech Republic: Zabéice (49°0'43"N,
16°36'8"E), a maize-growing area, and Kromé&¥iz
(49°17'56"N, 17°23'35"E), a beet-growing area.
Tab. I presents the mean monthly rainfall and mean
temperatures during the development periods of
Fusarium head blight in barley (May-June) for

2011-2013.

The experiment included three commercially
available fungicides (Hutton, Zantara, and Prosaro
250 EC) manufactured by Bayer CropScience AG
(Germany) from which three treatment variants
were created (Tab. TT) and compared with a control
variant receiving no treatment. Fungicides were
applied at two sets of dates, with the first set being

at BBCH 39 (during stem elongation: ligule of last
leaf just visible) and BBCH 65 (full flowering) and
the second at BBCH 25-30 (full tillering to stem
elongation) and BBCH 65. Each variant was always
established in three replications.

Evaluation of Frequency of Natural
Occurrence of Fusarium spp. on Barley
Grain from Variants Not Treated with
Fungicide-Control

The roll method was used to evaluate barley
grains from the five varieties for the natural

occurrence of Fusarium pathogens. From 200—300 g
samples of each variety not treated with fungicide,
100 grains were randomly selected in three
replications. Grains with surfaces disinfected (using
a5 % sodium hypochlorite solution) were fixed with
starch adhesive between bands of filter paper and
rolled. To suppress accompanying microflora, the
rolls were placed vertically into a container with a
water solution of iprodione (Rovral FLO fungicide,
200 pl/l) to create a continuous flow of the solution
to the germinating grains. After 6 days of incubation
(21-23 °C, light cycle 12/12h), the number of
grains with Fusarium species colonies growing
out of individual grains was counted. The results
were processed in Statistica 10 using a multifactor
analysis of variance (factors: location, year, variety).

L. Climatic conditions during fungicide application (according to Czech Hydrometeorological Institute, 2015)

Average temperature Average rainfall
Location Year [°C] [mm]
May June Year May June Year
2011 143 18.4 9.5 55 60 442
Zabéice (South Moravian Region) 2012 15.8 18.6 9.5 33 99 501
2013 13.6 17.2 9.2 102 121 601
2011 13.1 17.2 8.6 73 117 630
Krom¢&Fiz (Zlin Region) 2012 14.5 17.6 8.7 49 102 723
2013 13.0 16.5 8.5 101 119 769
IL: Variants of spring barley fungicide treatment (Meier, 1997)
Treatment variant Fungicide BBCH Active ingredients Application rate
Hutton 39 prothioconazole, spiroxamine, tebuconazole 0.8 Lha!
1. variant
Zantara 65 tebuconazole, bixafen 1.5 L.ha
Hutton 39 prothioconazole, spiroxamine, tebuconazole 0.8 Lha!
2.variant
Prosaro 250 EC 65 prothioconazole, tebuconazole 0.75 L.ha!
Hutton 25-30  prothioconazole, spiroxamine, tebuconazole 0.8 l.ha'
3. variant
Prosaro 250 EC 65 prothioconazole, tebuconazole 0.75 L.ha
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IIL: Primers used to identify Fusarium pathogens

Target species Primer name

Nucleotide Sequences (5'-3)

Citation

JIAf JIAr

Fusarium avenaceum

GCT AAT TCT TAA CTT ACT AGG GGC CCTG TAA

Turner et al., 1998

TAG GTTATT TACATG GG

. OPT18F470 GAT GCC AGA CCA AGA CGA AGGAT GCCAGA 1
Fusarium culmorum OPT18Ru CGCACT AAG AT Schilling et al., 1996
Fusarium graminearum Fgl6F Fgl6R S ATACl;:CéF p:f((‘,; : ,19 C;F GC éfAGGT G e Nicholson etal., 1998

. CAA GCAAACAGGCTCTTCACCTGT TCCACC .
Fusarium poae FP82F FP82R TCA GTG ACA GGT T Parry, Nicholson, 1996
Fusarium tricinct Ftri573f TTG GTATGT TGT CACTGT CTCACA CTAT TGA Nicolaisen et al.. 2009

R Ftri630r CAG AGA TGT TAG CAT GAT GCA e

Determining Fusarium Fungi on Barley Grains

Determining Fusarium spp. Based on
Morphological Characteristics

Infected grains from the rolls (see above) were
used to determine the Fusarium species spectrum
on barley grains from the five varieties not treated
with fungicide. Infected grains were transferred to
a growth medium (potato dextrose agar [PDA] and
agar according to Bilaj [Fassatiova, 1979]) in Petri
dishes and cultivated for 2-5 days (20 °C, light cycle
12/12 h). Monosporic isolates were prepared from
individual samples and used to detect individual
Fusarium species based on morphological features
(size, shape, and number of septa; shape of the
macroconidia’s apical and basal cells; shape, size,
andnumber of microconidia cells; chlamydospores),
aerial mycelium colouration, and pigmentation
(obverse, reverse) of the culture grown on the PDA
(Leslie and Summerell, 2006). An Olympus BX41
optical microscope and Olympus SZX12 stereo
microscope were used for detection.

Determining Fusarium spp. Based on Molecular
Characteristics

The correctness of the determination of individual
Fusarium species was verified using polymerase chain
reaction (PCR). Primers for F avenaceum, F. culmorum,
F. graminearum, F. poae, and F. tricinctum were used for
detection (Tab. III). DNA was isolated from cultures
of monosporic Fusarium species isolates using a
DNeasy Plant Mini Kit (Qiagen). A Taq Core Kit
(Qiagen) was used for PCR.

Effect of Fungicides on Fusarium Infection

The roll method (see above) was used to evaluate
the effectiveness of individual treatment variants
in suppressing Fusarium pathogens in barley grain
from individual varieties. Individual variants of
fungicides and application dates were statistically
evaluated using a multifactor analysis of variance
(factors: location, year, variety, fungicide treatment)
in Statistica 10.

RESULTS

Evaluation of Frequency of Natural
Occurrence of Fusarium spp. on Barley
Grains from Variants Not Treated with

Fungicide-Control

Figs. 1-3 present the effects of individual factors
(year, location, variety) on the natural occurrence
of Fusarium spp. on barley grains. Year significantly
affected barley’s rate of infection by Fusarium
pathogens (Fig. 1). The highest rate was recorded
in 2011, while the barley stands had almost no
Fusarium infection in 2012. No significant difference
was found between Zabéice and Kromé&Fiz in the
frequency of naturally occurring Fusarium infections
of barley varieties (Fig. 2).

Monitoring the effect of variety on Fusarium
infection revealed significant differences between
Aksamit and Bojos (which did not themselves differ
significantly from one another) versus Kangoo,
Malz, and Radegast (Fig. 3). During the monitored
years (2011-2013), Kangoo had the lowest infection
rate of the five malting barley varieties (7-9 %) while
Radegast had the highest (16-17 %).

The interaction between variety and year revealed
significant differences among individual years
(Fig. 4). In all monitored years, Kangoo had the
lowest frequency of Fusarium occurrence while
the highest frequency of occurrence (30 %) was
recorded in Radegast only in 2011. In 2012, the
average infection rate did not exceed 5% at both
location and individual barley varieties did not
differ significantly. In 2013, Kangoo and Malz were
the least infected.

Evaluating statistically the interaction between
variety and location revealed very uneven Fusarium
infection (Fig. 5). At Kromé&fiz, the infection rate
ranged between 9 % and 13 % for all varieties with
no significant differences. At Zab¢ice, infection in
Kangoo (4-6 % infection rate) differed significantly
from that of all other varieties, while Radegast had
the highest infection rate (20-22 %). Infection of
Aksamit was almost identical at the two locations
(9-11 %).
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Determination of Fusarium Fungi on Barley
Grains

During 2011-2013, the occurrence of Fusarium
pathogens on naturally infected grains of malting
barley varieties was determined at both locations.
A total of five Fusarium species were determined: F
poae, E culmorum, F. graminearum, F. avenaceum, and F.
tricinctum (Tab. IV). During the monitored period, the
occurrence and frequency of these species changed
both among locations and within individual barley
varieties. The most frequently detected species at
both locations was F. poae, which was recorded in all
cases except 2012 at Krom¢Eriz.

In 2011 and 2013, mean infection rate at Zab¢ice
and Krom¢¥iz was 14.4-16.2 % and the Fusarium
species spectrum included all stated species.
In 2012, the naturally infected varieties’ rate of
infection by Fusarium pathogens did not exceed
2.4 % at cither location.

Comparing individual species’ proportions at the
locations revealed the dominant species at Zab¢ice
to be E poae and E graminearum and those at Kromé&¥iz
as E poae and F. culmorum.
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IV: Frequency of occurrence of Fusarium spp., at Zabéice and Kroméiiz, 2011-2013

Location  Year Infected (%) FC (%) FP (%) FG (%) FA (%) FTRIC (%)
2011 15.8 0.2 7.6 4.8 2.6 0.6
Zab&ice 2012 2.4 0.2 1.8 0 0.4 0
2013 14.4 2.2 11.0 0.8 0.2 0.2
2011 154 2.0 11.6 1.2 0.4 0.2
Kroméiiz 2012 1.4 0.8 0 0 0.6 0
16.2 4.8 114 0 0 0

FC - E culmorum, FP - F.poae, FG — F.graminearum, FA - F. avenaceum, FTRIC — E tricinctum

Determination of Fusarium Fungi Spectrum
on Barley Grains of Individual Varieties

Evaluating the Fusarium species spectrum revealed
considerable differences among barley varieties.
Only in 2011 all five Fusarium species were detected
on Malz at Kromé&¥iz, while in all other years only
one or two species were detected. F poae was most
frequently isolated from Aksamit, Bojos, and
Malz grains, while F avenaceum, F. culmorum, and
E graminearum were recorded only sporadically.

E tricinctum occurred only exceptionally (always
one isolate) on Bojos, Malz, and Radegast, and it is
currently not considered a pathogen threatening
cultivated barley varieties.

Effect of Fungicides on Fusarium Infection

The effects of individual factors on suppression of
Fusarium spp. are shown in Figs. 6-9. The frequency
of occurrence of Fusarium pathogens significantly
differed among individual years. The year 2012
was generally very dry and grains infection by
Fusarium fungi was very low, with mean frequency
below 4 %. In 2011 and 2013, this reached 14-16 %
(Fig. 6). Examining the effect of treatment variant
on grains infection by Fusarium fungi revealed no
significant differences among individual locations
during 2011-2013 (Fig. 7). As with the naturally
infected (control) barley stands, the highest rate of
grains infection by Fusarium fungi was recorded for
Radegast, while Bojos and Kangoo had the lowest
frequencies of occurrence, although this difference
was not significant (Fig. 8).

In terms of the effectiveness of individual
treatment variants, two variants significantly
differed from the control (Fig. 9). The second variant
(Hutton, BBCH 39 + Prosaro 250 EC, BBCH 65)
was the most effective, followed by the first variant
(Hutton, BBCH 39 + Zantara, BBCH 65). Following
application of the third variant (Hutton, BBCH
25-30 + Prosaro 250 EC, BBCH 65), barley infection
by Fusarium fungi slightly increased in comparison
to the control.

In 2012, climatic conditions unconducive to
ear infection and very low grains infection rates
prevented drawing conclusions from the results as
to treatment variants’ actual effectiveness. In 2011
and 2013, the first (Hutton + Zantara) and second
(Hutton + Prosaro 250 EC) treatment variants

applied at the first set of treatment dates (BBCH 39
and 69) had positive effects (Fig. 10).

The effectiveness of individual fungicide
treatment variants differed between the two
climatically different locations. At Zab¢ice, infection
by Fusarium fungi significantly decreased after
application of the first treatment variant, while the
second variant was effective at Kromé&#iz (Fig. 11).

Treatment variants’ effectiveness in suppressing
Fusarium fungi on individual barley varieties varied
widely (Fig. 12). For Aksamit, the effect of the first
and second treatment variants suppressed Fusarium
fungi. Following application of the third treatment
variant (Hutton at BBCH 25-30 + Prosaro 250 EC
at BBCH 65), infection increased from 10% to
ca 14.5% in comparison with the control. Bojos
responded positively in suppressing Fusarium
fungi following application of the third treatment
variant. For Malz, fungicide application had almost
no effect on suppression or increase of Fusarium
fungi in comparison with the control. Of the five
barley varieties, rate of infection by Fusarium fungi
significantly decreased (in comparison with the
control) following application of all three treatment
variants only for Radegast. For Kangoo, application
of the second fungicide variant decreased infection
by Fusarium spp., although this difference was not
significant. In contrast, grains infection increased
in comparison with the control for the two other
treatment variants.
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DISCUSSION

Monitoring the occurrence of individual Fusarium
species on barley ears in the Czech Republic
indicated that the number of Fusarium species
remained (more or less) unchanged, although
the proportions of individual species did change.
Cafa (1986) and Srobdrovi and Vaskova (1987)
had studied the occurrence of Fusarium spp. on
wheat at the turn of the 1970s to the 1980s but not
Fusarium pathogens on barley. The most frequently
recorded species had been F. culmorum, followed by
E graminearum, F. oxysporum, F. avenaceum, F. nivale, F.
moniliforme, and F. poae.

During 1997-1998, Hysek et al. (1999) found seven
Fusarium species (F. culmorum, F poae, F. avenaceum, F.
stilboides, F. merismoides, F. aquaeductum, and F. gigas)
on 360 spring barley samples at Kromé&iz and
Kojetin. As in previous years, the species most
frequently present was E culmorum (in more than
70 % of samples). Of the other species, E poae had
a high proportion (<20% of samples) while the
proportions of other species were only minimal (E
avenaceum > 2 %).

Polisenska et al. (2009) studied the occurrence of
Fusarium spp. on wheat and barley in 2008. Wheat
grains most frequently contained F. graminearum and
F culmorum with sporadic F. poae, although this latter
species was dominant on barley grains. F. poae was
confirmed as the dominant species on barley grains
in the Czech Republic by Polisenska et al. (2010),
Kmoch et al. (2012), Matuginsky et al. (2013), and
Belédkova et al. (2014).

Our results correspond with these studies and
confirm F. poae to be the dominant species in place
of the former F culmorum on barley grains during
2011-2013 at Zabé&ice and Kromé&¥iz. In 2012, most
barley stands in the Czech Republic were damaged
as a result of drought, high temperatures, and only
weak local precipitation during the flowering period
in the southern parts of the country (KopFivova,
2012). This damage was accompanied by very low

frequency of occurrence and a narrow spectrum of
Fusarium spp. (F. culmorum, F. poae, and F. avenaceum) on
ears at both locations. F. poae presents a threat not
only in infecting and damaging cereals but also in
producing the mycotoxins T-2 toxin and nivalenol,
which are more toxic to humans and animals than is
deoxynivalenol (Desjardins, 2006).

Similarly in other parts of Europe, Fusarium
species most frequently isolated from cereals were F.
graminearum and F. culmorum (Bottalico and Perrone,
2002; Mesterhézy, 2003). Stenglein (2009) stated that
in Europe (England, Ireland, Germany, Hungary,
Poland, Austria, Slovakia, Switzerland, Wales) and
the Americas (Canada, Argentina) F. poae was among
the pathogens most frequently isolated from cereals.
The dominance of F poae also has been confirmed
by Gilbert and Tekauz (2011), who detected E poae
(56.6 %), F. avenaceum (17 %), E. sporotrichioides (15 %), F.
equiseti (4 %), E. graminearum (2 %), and other Fusarium
pathogens (3.2%) in barley stands in Canada
(Saskatchewan) during 2003-2007.

Of all tested treatment variants, the second
(Hutton, BBCH 39 and Prosaro 250 EC, BBCH
65) was the most effective. The fungicides used
in this variant contained active ingredients from
the triazoles (tebuconazole) and triazolinthiones
(prothioconazole), which recently have been
confirmed as among the most effective against
Fusarium pathogens on cereal ears (Jones, 2000; Wise,
2015). The present study confirms that other factors
important for fungicides to have a positive effect
against Fusarium spp. include suitable application
date, temperature, and humidity (Simpson
et al., 2001; Hudec and Muchové, 2010). Within
the climatic conditions of the Czech Republic,
fungicide application during stem elongation and
full flowering appeared to be effective.
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CONCLUSION

During 2011-2013 in the Czech Republic, five Fusarium species were detected and the most frequently
isolated cause of Fusarium head blight was F. poae. The variety Kangoo had the greatest resistance to
Fusarium spp. and Radegast the lowest. Suppression of Fusarium pathogens from barley grains was the
most effective following application of the second fungicide variant (Hutton and Prosaro 250 EC).
The key factors for suppressing Fusarium pathogens are determining the proper application date and

selecting the fungicides’ active ingredients.

Acknowledgements

The research was financially supported by the project of the Ministry of Agriculture of the Czech
Republic No. QT111B044 “Comprehensive strategy for decreasing a negative impact of Fusarium spp.
toxicogenic fungi infection in cereals and their derivated products”.

REFERENCES

BARRETO, D., CARMONA, M., FERRAZINI, M.,
ZANELLI, M., PEREZ, B. A. 2004. Occurrence
and pathogenicity of Fusarium poae in barley in
Argentina. Cereal Research Communications, 32:
53-60.

BELAKOVA, S, BENESOVA, K. CASLAVSKY,
J., SVOBODA, Z., MIKULIKOVA, R. 2014. The
occurrence of the selected fusarium mycotoxins
in Czech malting barley. Food Control.,, 37: 93-98.

BOTTALICO, A., PERRONE, G., 2002. Toxigenic
Fusarium species and mycotoxins associated with
head blight in small-grain cereals in Europe.
European Journal of Plant Pathology, 108: 611-624.

CACA, Z. 1986. Vliv doplitkové zavlahy na vyskyt
fuzariéz v klasech ozimé p3enice. Ochrana rostlin,
22(2):99-108.

CZECHHYDROMETEOROLOGICALINSTITUTE.
2015. Historickd data-meteorologie a klimatologie.
[Online]. Available at: http://www.chmi.cz/portal/
dt?portal_lang=cs&menu=JSPTabContainer/
P4_Historicka_data/P4_1_Pocasi&last=false.
[Accessed 2015, August 17].

DESJARDINS, A. E. 2006. Fusarium Mycotoxins.
Chemistry, Genetics, and Biology. St. Paul, MN, USA:
The American Phytopathological Society:

FASSATIOVA, O. 1979. Plisné a vldknité houby v
technické mikrobiologii. Praha: SNTL.

GILBERT, J, TEKAUZ, A. 2011. Strategies for
management of Fusarium head blight (FHB) in
cereals. Prairie Soils Crops, 4: 97-104.

HUDEC, K., MUCHOVA, D. 2010. Influence of
Temperature and Species Origin on Fusarium spp.
and Microdochium nivale Pathogenicity to Wheat
Seedlings. Plant Protect. Sci., 46(2): 59-65.

HYSEK, J., VANOVA, M., HAJSLOVA, ], RADOVA,
Z., KOUTECKA, J, TVARUZEK, L. 1999.
Fuzariézy je¢mene a obsah trichothecentl. PL
Protec. Sci., 35: 96-102.

JONES, R. K. 2000. Assessments of Fusarium head
blight of wheat and barley in response to fungicide
treatment. Plant Dis., 84:1021-1030.

KMOCH, M., SAFRANKOVA, I, MALACHOVA,
A, SMUTNA, P, JANECKOVA, L,
EHRENBERGEROVA, ], VACULOVA, K,
CERKAL, R. 2012. Efficiency of various fungicide

treatments on the occurrence of Fusarium spp.
associated with spring barley (Hordeum vulgare
L.) grains. In: PAVELKOVA, D., STROUHAL, J.,
PASEKOVA, M. (eds.), Advances in Environment,
Biotechnology and Biomedicine. 1. vyd. Tomas Bata
University in Zlin: WSEAS Press, 240-245.

KOPRIVOVA, E. 2012. Zprdva ¢. 10 oblastniho odboru
Brno o vyskytu skodlivijich organismii a poruch za obdobi
od 28.5. - 3.6.2012. Brno: Statni rostlinolékatska
sprava.

KULIK, T. 2008. Detection of Fusarium tricinctum from
cereal grain using PCR assay. J. Appl. Genet., 49(3):
305-311.

KUMAR, A., KARRE, S., DHOKANE, D., KAGE, U.,
HUKKERI, S., KUSHALAPPA, A. C. 2015. Real-
Time Quantitative PCR based method for the
quantification of fungal biomass to discriminate
quantitative resistance in barley and wheat
genotypes to Fusarium head blight. Journal of Cereal
Science, 64: 16-22.

LESLIE, J. ., SUMMERELL, B. A. 2006. The Fusarium
Laboratory Manual. Oxford: Black well Publishing.

MALACHOVA, A, HAJSLOVA, 1.
EHRENBERGEROVA, ], KOSTELANSKA, M.,
ZACHARIASOVA, M., URBANOVA, J., CERKAL,
R., SAFRANKOVA, I, MARKOVA, J,,

MATUSINSKY, P, VANOVA, M., POLISENSKA,
1., SPITZEROVA, D., JANECEK, M., SMUTNY,
V. 2013. Nep#iméd opatifeni k omezeni vyskytu
klasovych fuzariéz u obilovin. Obilndiské listy,

62(3-4): 62-64.

MEIER, U. 1997. BBCH-Monograph. Growth
stages of plants. Berlin, Wien: Blackwell
Wissenschafts-Verlag.

MESTERHAZY, A. 2003. Control of Fusarium head
blight of wheat by fungicides. Tn: LEONARD, K.
J., BUSHNELL, W. R. (Eds.), Fusarium Head Blight of
Wheat and Barley. APS Sant Paul. 363-380.

MINISTRY OF AGRICULTURE. 2015. Postup sklizné
obilovin v CR k 27. 8. 2013. [Online]. Available at:
http://eagri.cz/public/web/mze/zemedelstvi/
rostlinne-komodity/obiloviny/prubeh-sklizne/
sklizen-2013/postup-sklizne-obilovin-v-
cr-k-27-8-2013.html. [Accessed 2015, August13].

NICHOLSON, P, SIMPSON, D. R, WESTON, G.,
REZANOOR, H. N,, LEES, A. K, PARRY, D. W,,



Occurrence of Fusarium spp. on Malting Barley Grains in the Czech Republic During 2011-2013

1451

JOYCE, D. 1998. Detection and quantification of
Fusarium culmorum and Fusarium graminearum in
cereals using PCR assays, Physiological and Molecular
Plant Pathology, 53(1): 17-37.

NICOLAISEN, M., SUPRONIENE, S., NIELSEN, L.
K., LAZZORO, I., SPLIID, N. H., JUSTESEN, A. F.
2009. Real-time PXR for quantification of eleven
individual Fusarium species in cereals. Journal of
Microbiological Methods, 76(3): 234-240.

NIELSEN, L.K.,COOK, D.]., EDWARDS, S. G., RAY,
R.V.2014. The prevalence and impact of Fusarium
head blight pathogens and mycotoxins on malting
barley quality in UK. International Journal of Food
Microbiolog., 179: 38-49.

PARRY, D. W., NICHOLSON, P. 1996. Development
of a PCR assay to detect Fusarium poae in wheat.
Plant Pathology, 45(2): 383-391.

PAUL, P. A, LIPPS, P. E., MADDEN, L. V. 2005.
Relationship between visual estimates of Fusarium
Head Blight intensity and deoxynivalenol
accumulation in harvested wheat grain: A-meta
analysis. Phytopathology, 95: 1225-1236.

POLISENSKA, I, JIRSA, O. SALAVA, J. 2009.
Fuzariové mykotoxiny a patogeny rodu Fusarium v
obilninach sklizné& 2008. Obilndrskélisty, 17(1): 3-6.

POLISENSKA, I, JIRSA, O, SALAVA, ],
MATUSINSKY, P, PROKES, J. 2010. Fuzariové
mykotoxiny a patogeny Fusarium v obilovindch
sklizng& 2009. Obilndiskélisty, 18(1): 12-16.

SAFRANKOVA, 1, MARKOVA, M., KMOCH, M.
2010. Mykofléra zrn sladovnickych odrtd a linii
je¢mene jarntho nalokalitich Krom&¥iz a Zab¢ice.
Kovasny priimysl, 56(3): 138-144.

SCHILLING, A. G., MOLLER, E. M., GEIGER, H. H.
1996. Polymerase chain reaction-based assays for
species-specific detection of Fusarium culmorum, F.
graminearum, and F. avenaceum, Phytopathology, 6(5):
515-522.

SEMASKIENE, R, MANKEVICIENE, A,
DABKEVICIUS, S., SUPRONIENE, S. 2006.
Effect of fungicides on fusarium infection and
production of deoxynivalenol in spring cereals.
Agronomy Research, 4: 363-366.

SIMPSON, D,, R., WESTON, G, E,, TURNER, ], A,
JENNINGS, P, NICHOLSON, P. 2001. Differential
control of head blight pathogens of wheat by
fungicides and consequences for mycotoxin
contamination of grain. European Journal of Plant
Pathology, 107: 421-431.

SIRUCKOVA, 1., KROUTIL, P. 2007. Fusariozy na
obilnindch  (Fusarium ssp.). Praha: Ministerstvo
zem&délstvi, Statni rostlinolékafskd sprava.

SROBAROVA, A., VASKOVA, M. 1987. Druhy rodu
Fusarium na klasoch p3enice. Ochrana rostlin, 23(4):
279-284.

STENGLEIN, S. A. 2009. Fusarium poae: A pathogen
that needs more attention. Journal of Plant Pathology,
91(1):25-36.

TURNER, A. S, LEES, A. K., REZANOOR, H.
N., NICHOLSON, P. 1998. Refinement of
PCR-detection of Fusarium avenaceum and evidence
from DNA marker studies for phenetic relatedness
to  Fusarium tricinctum. Plant Pathology, 47(3):
278-288.

WEGULDO, S. N., BAENZIGER, P. S, NOPSA, J. H,,
BOCKUS, W. W,, HALLEN-ADAMS, H. 2015.
Management of Fusarium head blight of wheat
and barley. Crop Protection, 73: 100-107.

WISE, K. A. 2015. Diseases of Wheat: Fungicide
Efficacy for Controlling Wheat Diseases. Purdue
Extension, BP-162-W.

YU, CH., WEN-XIANG, W, AI-FANG, Z,
CHUN-YAN, G., MING-GUO, Z., TONG-CHUN,
G. 2011. Activity of the Fungicide JS399-19 Against
Fusarium Head Blight of Wheat and the Risk of
Resistance. Agricultural Sciences in China, 10(12):
1906-1913.

Contact information

Kristyna Bezd¢kova: kristyna.bezdekova@mendelu.cz

Tvana Safrankova: ivana.safrankova@mendelu.cz
Jana Vichové: jana.vichova@mendelu.cz





