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U reprezentativniho souboru vzorkl jeémene sklizeného v Ceskeé republice v letech 2005—2010 byl hodnocen vyskyt fuzariovych my-
kotoxin deoxynivalenolu (DON) a zearalenonu (ZEA), vliv agrotechnickych faktorl na troveri kontaminace témito mykotoxiny a pfitom-
nost ¢tyf druhd patogent Fusarium (F. avenaceum, F. culmorum, F. graminearum a F. poae). Byla zjisténa statisticky prikazna ro¢nikova
zavislost obsahu DON i ZEA a prukazny vliv pfedplodiny i odrlidy na obsah DON. Nejvyssi troveri obsahu DON byla zjisténa ve sklizni
roku 2009 a odpovidaly tomu také vyjime¢né Casté nalezy patogena F. graminearum v tomto roce. V ostatnich letech na jeémeni domi-
novalo F. poae.

PoliSenska, I. — Jirsa, O. — Matusinsky, P.: Mycotoxicological quality of barley harvested in the Czech Republic in 2005-2010.
Kvasny Prum. 58, 2012, No. 4, p. 109-114.

A representative set of barley samples collected in the Czech Republic in 2005—-2010 was used to evaluate the occurrence of Fusarium
mycotoxins deoxynivalenol (DON) and zearalenone (ZEA), the effect of agronomic factors on the level of mycotoxin contamination and
the presence of four Fusarium species (F. avenaceum, F. culmorum, F. graminearum and F. poae). A significant correlation between the
year and DON as well as ZEA content in barley, and significant effects of the preceding crop and variety on DON content were confirmed.
The highest level of DON content was found in grain harvested in 2009, which was in correspondence with extremely frequent detection
of the producer of this mycotoxin, £ graminearum, in this year. In the other years, F. poae predominated on barley.

PoliSenska, I. — Jirsa, O. - MatuSinsky, P.: Die mykotoxikologische Qualitat der Gerste geerntet im Zeitraum 2005-2010. Kvasny
Prum. 58, 2012, Nr. 4, S. 109—-114.

Bei der reprasentativen Probe der im Zeitraum 2005-2010 in der Tschechischen Republik geernteten Gerste wurde ein Auftreten von
fusarion Mykotoxinen Deoxynivalenol (DON) und Zearalenon (ZEA) ausgewertet, weiter ist ein Einfluss der agrotechnischen Faktore auf
Grad der durch diese Mykotoxine verursachte Kontamination und die Anwesenheit von vier Patogensorten Fusarium (F. avenaceum, F.
culmorum, F. graminearum und F. poae) verfolgt worden. Die statistisch schliissige Jahrgangsabhangigkeit des Gehalts an DON, ZEA,
einen schlussigen Einfluss der Vorfrucht, und der Sorte auf den Gehalt an DON wurde festgestellt. Im Jahre 2009 wurde einen héchsten
Gehalt an DON in der Ernte ermittelt, was dem auBerordentlich haufigen Befund des Pathogens F. graminearum im diesen Jahre ent-

spricht. In den anderen Jahren dominierte an der Gerste F. poae.

Kli¢ova slova: jecmen, Fusarium, mykotoxiny, deoxynivalenol, zea-
ralenon

1 UVOD

Jeémen, stejné jako ostatni drobnozrnné obiloviny, mize byt
v priibéhu vegetace napadan patogeny Fusarium a nasledné konta-
minovan jejich toxickymi metabolity, mykotoxiny. Na rozdil od pSenice
(Triticum aestivum) jsou jeCmen, zito i oves povazovany obecné
za méné nachylné (Langevin et al., 2004). Udaje o vyskytu mykotoxi-
nd u jednotlivych druhd obilovin se vSak v zavislosti na geografické
poloze liéi. Studie z Kanady, zaloZzena na sledovani vyskytu mykoto-
xin(i v bézné kanadské produkci obilovin v letech 1991 az 1998, uva-
di nejvy$si primérnou koncentraci deoxynivalenolu (DON) v pSenici,
nesoty (USA) z let 1993 a 1994, kdy zde byly mimoradné pfiznivé
podminky pro rozvoj fuzarii, udavaji prdmérné koncentrace DON

Jednou z pficin variability ve vyskytu mykotoxind je variabilita v za-
stoupeni jednotlivych druht Fusarium. Na ochofeni klas(i obilovin se
totiz podili obvykle vice patogenl Fusarium soucasné (Xu et al,
2005), pficemz jejich naroky na podminky prostfedi se mohou lisit
(Rossi et al., 2001; Brennan et al., 2005). Nej¢astéjSimi druhy Fusa-
rium vyskytujicimi se v Evropé jsou nyni F. graminearum a F. culmo-
rum (Mesterhazy, 2003). Oba tyto druhy produkuji zejména DON,
zearalenon (ZEA) a nivalenol (Logrieco et al. 2003). F. culmorum
mUze produkovat také moniliformin (Desjardins, 2006). Velmi ¢asto
jsou v Evropé na obilovinach nachazeny také druhy F. poae a F. ave-
naceum (Vogelgsang, 2005). F. poae produkuje celou fadu trichothe-
cenovych mykotoxinl a uvadi se, Ze je mozna koprodukce nivalenolu

Keywords: barley, Fusarium, mycotoxins, deoxynivalenol, zearale-
none

1 INTRODUCTION

Barley, as well as the other small grains, can be infected by Fusa-
rium pathogens during the growing season and then contaminated
with their toxic metabolites, mycotoxins. In contrast to wheat ( Triticum
aestivum), barley, rye and oats are generally considered less sus-
ceptible (Langevin et al., 2004). However, data about the occurrence
of mycotoxins in individual cereal species differ depending on the
geographical location. A study from Canada, based on observing the
presence of mycotoxins in Canadian grain production in 1991-1998,
gives the highest average concentration of deoxynivalenol (DON) in
wheat, lower in barley and lowest in oats (Campbell et al., 2002).
Data from Minnesota (USA) from 1993 and 1994, when there were
especially favourable conditions for developing fusaria, give the high-
est average concentrations of DON in barley, lower in wheat and
lowest in oats (Jones and Mirocha,1999). In Norway, a six years
study demonstrated the highest DON content in oats, followed by
wheat and the lowest content in barley (Langseth and Elen, 1997).
One of sources of variability in the occurrence of mycotoxins is a
variability in proportions of individual Fusarium species. Diseasing of
cereal heads is usually caused by more Fusarium pathogens simul-
taneously (Xu et al, 2005), while their requirements for environmen-
tal conditions can differ (Rossi et al. 2001; Brennan et al., 2005).
Most frequent Fusarium species in Europe are now F. graminearum
and F. culmorum (Mesterhazy, 2003). Both species produce mainly
DON, zearalenone (ZEA) and nivalenol (Logrieco et al., 2003), and
F. culmorum can also produce moniliformin (Desjardins, 2006). Very
frequent species detected on cereals in Europe are also F. poae and
F. avenaceum (Vogelgsang, 2005). F. poae produces a series of tri-
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(trichothecen B) a T-2 toxinu (trichothecen A). U druhu F. avenaceum
nebyla naopak produkce trichothecen(i ani zearalenonu vibec pro-
kazana (Desjardins, 2006).

Obsah nékterych mykotoxin( je v potravinach a v surovinach pro
jejich vyrobu limitovan. Nafizeni Komise (ES) ¢. 1881/2006, které
stanovuje maximalni limity nékterych kontaminuijicich latek v potravi-
nach a v surovinach pro jejich vyrobu, uvadi maximalni limit pro ob-
sah DON v pSenici, je€meni a zité ve vysi 1250 pg/kg. Z fuzariovych
mykotoxinG déle stanovuje maximalini limit pro ZEA, ktery je pro pse-
nici, jeémen, zito a oves 100 pg/kg.

Cilem této prace bylo:

a) Zhodnotit vyskyt mykotoxind DON a ZEA v je¢meni sklizeném
v CR v letech 2005-2010.

b) Zjistit ¢etnost vyskytu patogent F. avenaceum, F. culmorum,
F. graminearum a F. poae na jeémeni sklizeném v CR v letech
2006—2009.

¢) Vyhodnotit vliv roéniku, pfedplodiny, odriidy a lokality plvodu
na vyskyt DON v jeémeni v podminkéch CR.

2 METODIKA

Strategie ziskavani vzorkd je¢mene B

Vzorky jeémene byly vybirany z bézné sklizné v CR. Jako zakladni
soubor vzorkl slouzil kazdoro€né v letech 2005-2009 soubor cca
500 vzorkl sladovnického jeEmene, ziskavany pfimo od péstiteld
za ucelem sledovani technologické jakosti v ramci projektu MZe
¢. QG50041. Z tohoto souboru vzorku byl v kazdém sklizfiovém roce
vytvofen podsoubor 50-60 vzork( tak, aby pocty vzork( z jednotli-
vych krajii odpovidaly pfiblizné tamnim osevnim plocham. V roce
2010 mél zékladni soubor 300 vzorku, vybér podsouboru byl realizo-
van stejnym zplUsobem. Vzorky byly odebirany péstiteli ihned
po sklizni. Celkem bylo v letech 2005-2010 na obsah DON analyzo-
vano 327 vzorkl sladovnického je¢émene. U vzorkd byly zndmy na-
sledujici tdaje: plivod (kraj, okres) (obr. 1), odrida (obr. 2) a predplo-
dina. Obsah ZEA byl analyzovan pro nahodné vybranych 100 vzorkd
sklizenych v letech 2006 (20 vzorkd), 2007 (20 vzork() a 2010
(60 vzork(l). Determinace patogenu Fusarium byla provedena pro
vzorky jemene sklizené v letech 2006—2009 (190 vzork).

Analyzy a hodnoceni obsahu mykotoxint

Obsah mykotoxinl byl analyzovan metodou ELISA s vyuzZitim kitd
firmy R-Biopharm AG (Darmstadt, Némecko). Pro analyzu DON byla
pouzita kombinace kit RIDASCREEN®DON a RIDACREEN®FAST
DON. Limit kvantifikace (LOQ) pro DON ¢inil 40 pg/kg. Pro analyzu
ZEA byla pouzita kombinace kitt RIDASCREEN®ZEA a RIDAS-
CREEN®FAST ZEA. LOQ pro ZEA ¢&inil 2 pg/kg. Analyzy byly prova-

Obr. 1 Pocty vzorkl je¢mene analyzovanych na obsah deoxynivale-
nolu (DON) z jednotlivych kraji Ceské republiky v letech 2005-2010,
celkem 327 vzork(i / Numbers of barley samples analysed for deox-
ynivalenol (DON) content from individual regions in the Czech Re-
public in 2005-2010, 327 samples
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chothecene mycotoxins and possible simultaneous production of ni-

valenol (trichothecene B) and T-2 toxin (trichothecene A) is reported.

On the contrary, production of neither trichothecenes nor zea-

ralenone has been confirmed for F. avenaceum (Desjardins, 2006).
Limits for some mycotoxins in foodstuffs and raw materials intend-

ed for their production have been established. Commission Regula-

tion (EC) No. 1881/2006, setting maximum levels for certain con-
taminants in foodstuffs and raw materials for their production, allows
the maximum DON content in wheat, barley and rye on the level of

1250 pg/kg. Of other Fusarium mycotoxins, it determines the maxi-

mum ZEA level of 100 pg/kg in wheat, barley, rye and oats.
The objectives of the study were to:

a) evaluate the occurrence of mycotoxins DON and ZEA in barley
harvested in the Czech Republic (CR) in 2005-2010,

b) determine the occurrence frequency of the pathogens F.  ave-
naceum, F. culmorum, F. graminearum and F. poae on barley har-
vested in the CR in 2006—2009,

c) evaluate the effects of the year, preceding crop, variety and loca-
tion of origin on the occurrence of DON in barley under conditions
across the CR.

2 MATERIAL AND METHODS

Strategy of obtaining barley samples

Samples were selected from barley grain harvested in the CR. In
2005-2009, a basic set of samples comprised every year about 500
samples of malting barley provided by growers for monitoring malting
quality within project no. QG50041 financed by the Ministry of Agri-
culture. In each harvest year, a subset of 50-60 samples was formed
so that numbers of samples from individual regions corresponded
approximately to local planted areas. The basic set in 2010 contained
300 samples; the subset was formed in the same way. The samples
were collected by growers immediately after harvest. In 2005-2010,
a total of 327 samples of malting barley were analysed for DON con-
tent. The following data on samples were known: origin (region, dis-
trict) (Fig. 1), variety (Fig. 2) and preceding crop. ZEA content was
determined in 100 randomly selected samples collected in 2006
(20 samples), 2007 (20 samples) and 2010 (60 samples). Fusarium
pathogens were determined in barley samples taken in 2006—2009
(in total 190 samples).

Analyses and evaluation of mycotoxin content

The content of mycotoxins was analysed by an ELISA method us-
ing R-Biopharm AG kits (Darmstadt, Germany). A combination of
RIDASCREEN®DON and RIDACREEN®FAST DON kits was used to
determine DON. The limit of quantification (LOQ) for DON was 40 pg/kg.

Obr. 2 Odrldova skladba vzork( jeémene analyzovanych na obsah
deoxynivalenolu (DON), sklizefi 2005-2010, CR, celkem 327 vzorku
/ Varieties representing barley samples analysed for deoxynivalenol
(DON) content, 2005-2010 harvests, Czech Republic, 327 samples
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Jako odrldy ostatni jsou oznageny odriidy s poc¢tem vzork( < 10, tj.
Advent, Akcent, Amarena, Anabel, Blanik, Diplom, Kompakt, Prudentia,
Radegast, Reni, Scarlett, Tiffany, Westminster, Wintmalt, Xanadu / The
others are varieties with numbers of samples < 10, i.e., Advent, Akcent,
Amarena, Anabel, Blanik, Diplom, Kompakt, Prudentia, Radegast, Reni,
Scarlett, Tiffany, Westminster, Wintmalt, and Xanadu
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dény podle metodiky vyrobce. Metody pro stanoveni DON i ZEA jsou
v laboratofi akreditovany Ceskym institutem pro akreditaci podle
CSN EN ISO/IEC 17025:2005 a kvalita vysledk( analyz je pravidel-
né ovérovana Ucasti v kruhovych testech FAPAS®. Obsah mykotoxi-
nl byl vyhodnocen s ohledem na maximalni pfipustné limity podle
nafizeni Komise (ES) €. 1881/2006. Jako pozitivni jsou v textu ozna-
¢ovany vzorky s obsahem daného mykotoxinu nad LOQ.

Determinace druhti Fusarium

U vzork( je€mene byla molekularnimi PCR metodami sledovana
pfitomnost/nepfitomnost &tyf druhd Fusarium, a to F. avenaceum,
F. culmorum, F. graminearum a F. poae. DNA byla extrahovana s vy-
uzitim kitu DNeasy Plant Mini Kit (QIAGEN) podle metodiky vyrobce.
Specifické primery pro jednotlivé druhy Fusarium byly pouZity podle
vysledkd, které publikovali Schilling et al. (2006) pro F. culmorum
a F. graminearum, Turner et al. (1998), pro F. avenaceum a Parry
a Nicholson (1996).

Statistické zpracovani

Statistické analyzy byly provedeny v programu Statistica Cz, verze
8.0 (Statsoft CR s.r.0.). Vzhledem k povaze dat byly uplatnény meto-
dy neparametrické statistiky. Pro hodnoceni efekt jednotlivych fak-
tord (rok, odrtda, kraj, prfedplodina) byla pouzita Kruskal-Wallisova
ANOVA (KVA) a medianovy test (MT). Vzhledem k odr(idové roztfis-
ténosti a k rtizné ¢etnosti jednotlivych odrtd byly pro hodnoceni vlivu
odrdy vybrany z datového souboru pouze odridy s dostate¢nym
poctem vzorkd (>10), coz byly odridy Bojos, Jersey, Tolar, Malz,
Prestige a Sebastian. Byla pouzita hladina vyznamnosti 0,05. Pro
vypocet primérl byly hodnoty obsahu mykotoxint s obsahem men-
$im nez LOQ uvazovany jako rovny hodnoté LOQ/6, tj. pro DON
7 ug/kg a pro ZEA 0,3 pg/kg. Jedna se o zpusob pouzity v nedavnych
prehledech vyskytu mykotoxint v Evropé umoznujici srovnatelnost
dat (an., 2003). Pro ucely hodnoceni vlivu pfedplodiny na obsah
DON byly pfedplodiny roztfidény do tfi skupin, a to kukufici (zahrnu-
jici kukufici na zrno i na silaz), obilovinu (zahrnujici pSenici ozimou
i jarni a je€men ozimy i jarni) a pfedplodinu jinou (zahrnujici brambo-
ry, vojtésku, jetel, mak, slunecnici, cukrovku, len, hof¢€ici, fepku).

3 VYSLEDKY A DISKUSE

Obsah mykotoxinQ

Vzorky jeémene s obsahem DON vyS$im nez maximalni limit
v potravinafskych obilovinach 1250 pg/kg byly v 5 ze 6 sledovanych
let nalezeny jen vyjimecné: v roce 2005 i 2010 splnily limit vSechny
vzorky, v roce 2006 a 2008 limit prekroCil 1 vzorek, v roce
2007 4 vzorky (tab. 1, obr. 3). Vyjimkou byl rok 2009, kdy limit pfekro-

Obr. 3 Primeérny obsah deoxynivalenolu (DON) (prdméry a mediany)
v je¢meni sklizeném v CR v letech 2005-2010, celkem 327 vzorkd.
V zavorce jsou uvedeny % vzorkd prekracujicich v daném roce limit
1250 pg/kg / Mean deoxynivalenol (DON) content (means and medi-
ans) in barley harvested in the Czech Republic in 2005-2010, 327
samples. Percentages of samples exceeding the limit of 1250 Lig/kg
in the given year are in parentheses

1000
E @ median'median
700 4 & promérimean

DON (uglkg)

2005 (0%) 2006 (2%) 2007 (%) 2008 (2%) 2008 (26%) 2010 (0%)
rok sklizné/harvest year

A combination of RIDASCREEN®ZEA and RIDASCREEN®FAST ZEA
kits was used in determining ZEA. LOQ for ZEA was 2 pg/kg. Analyses
were carried out according to guidelines from the manufacturer. The
methods for determining DON and ZEA have been accredited in the
laboratory by the Czech Accreditation Institute according to Czech na-
tional standard CSN EN ISO/IEC 17025:2005 and quality of results of
analyses is regularly verified in ring tests FAPAS®. The content of my-
cotoxins was evaluated with a view to maximum acceptable levels ac-
cording to Commission Regulation (EC) No. 1881/2006. Positive sam-
ples are those with the content of the given mycotoxin above LOQ.

Determination of Fusarium species

Barley samples were analysed for the presence/absence of four
Fusarium species, F. avenaceum, F. culmorum, F. graminearum and
F. poae using molecular PCR-based techniques. DNA was extracted
using a DNeasy Plant Mini Kit (QIAGEN) according to guidelines
from the manufacturer. Fusarium species-specific primers were em-
ployed according to results published by Schilling et al. (2006) for
F. culmorum and F. graminearum, Turner et al. (1998) for F. aven-
aceum, and Parry and Nicholson (1996) for F. poae .

Statistical assessment

Data were analysed using the Statistica Cz software, version 8.0
(Statsoft CR s.r.0.). Because of the character of data, methods of
non-parametric statistics were used. Kruskal-Wallis ANOVA (KVA)
and median test (MT) were employed to evaluate effects of individual
factors (year, variety, region and preceding crop). Due to a large
number of varieties and their various frequencies, for evaluating of
the variety effect only varieties with sufficient numbers of samples
(>10) were selected, which were Bojos, Jersey, Tolar, Malz, Prestige
and Sebastian. The level of significance was 0.05. To calculate
means, levels of mycotoxins with the content lower than LOQ were
considered equal to the level of LOQ/6, i.e. 7 pg/kg for DON and
0.3 pg/kg for ZEA. This is the method used in recent surveys of my-
cotoxin occurrence in Europe enabling to compare data (An., 2003).
To evaluate the effect of preceding crop on DON content, preceding
crops were divided into the three groups: maize (both for grain and
silage), cereal crop (winter and spring wheat, and winter and spring
barley) and other preceding crop (including potatoes, alfalfa, clover,
poppy, sunflower, sugar beet, flax, mustard and oilseed rape).

3 RESULTS AND DISCUSSION

Mycotoxin content
Barley samples with DON content higher than the maximum level
in food cereals (1250 pg/kg) were detected rarely in 5 of the 6 years

Tab. 1 Obsah deoxynivalenolu (DON) v je¢meni sklizeném v CR
v letech 2005-2010, 327 vzork(i / Deoxynivalenol (DON) content in
barley harvested in the Czech Republic in 2005-2010, 327 samples

2005 | 2006 | 2007 | 2008 | 2009 | 2010

pocet analyzovanych
vzork(l celkem / total
number of analysed

samples

% vzorkd s obsahem
DON > 40 pg/kg /

% samples with DON
content > 40 ug/kg

% vzorkl s obsahem
DON > 500 pg/kg /

% samples with DON
content > 500 ug/kg
% vzorkll s obsahem
DON > 1250 pg/kg /
% samples with DON
content > 1250 ug/kg

60 57 50 50 50 60

76% | 81% | 88% | 74% | 96% | 63%

8% | 5% | 12% | 10% | 42% | 0%

0% | 2% | 8% | 2% | 26% | 0%

Obsah DON (pg/kg) / DON content

maximum / maximum 707 [1599|1738|3710|7050| 227
pramér / mean 156 | 143 | 305 | 202 | 932 | 54
median / median 90 63 191 70 | 430 50
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¢ilo 13 z 50 analyzovanych vzorkd, tj. 26 %. V roce 2009 byla také
zjisténa nejvyssi primeérna (932 pg/kg) i maximalni hodnota
(7050 pg/kg) obsahu DON a zaroven nejvyssi podil pozitivnich vzor-
tén v roce 2010 (63 %) a v tomto roce byla také zjisténa nejnizsi
pramérna (54 pg/kg) i maximalni hodnota (227 pg/kg) obsahu DON
v jeémeni. Na obsah ZEA bylo analyzovano 100 vzorkud jeémene ze
sklizni let 2006, 2007 a 2010 (fab. 2). Byly zjistény 3 vzorky s obsa-
hem nad maximalni limit pro potravinafské obiloviny (100 pg/kg),
vSechny pochazely z roku 2006. V tomto roce byly na obsah ZEA
pozitivni vS§echny analyzované vzorky je€mene a byla také zjisténa
nejvy$si maximalni (222 pg/kg) i primérna (49 pg/kg) hodnota ZEA.
V ostatnich letech byly hodnoty obsahu ZEA velmi nizké, zejména
v roce 2010. V tomto roce bylo na obsah ZEA pozitivhich 22 % vzor-
ka, maximalni zjisténa hodnota ¢inila 14,4 pg/kg a primérna hodno-
ta 1,4 pg/kg. Mezi obsahem DON a ZEA byla zji$téna kladna, statis-
ticky prikazna (p=0,004) zavislost.

Vliv roéniku, odrady, pfedplodiny a pavodu vzorkil na obsah
mykotoxint

V roce 2009 byly hodnoty obsahu DON priikazné vyss$i nez
v ostatnich letech (prokazano metodou KVA i MT). Druhé nejvyssi
hodnoty byly zjistény v roce 2007. Vliv odridy na obsah DON byl
prokazan metodou KVA, u metody MT byla prikaznost hraniéni (p =
0,054). Vyznamné niz8i hodnoty méla odrtiida Malz, nicméné Cetnost
zastoupeni odrid v jednotlivych letech byla zna¢né nevyvazena
a odrlida Malz nebyla zastoupena v letech s vysokou urovni konta-
minace (2009, 2007). Mezi ostatnimi odradami nebyly zjistény statis-
ticky priikazné rozdily. Vliv pfedplodiny na obsah DON byl prokazan
statistickou analyzou MT. Nejvy$si hodnoty obsahu DON byly zjisté-
ny po kukufici (obr. 4). Rozdil mezi pfedplodinou obilovinou a pred-
plodinou jinou byl statisticky nevyznamny. Vliv kraje na obsah DON
nebyl prokazan. Na obsah ZEA mél statisticky priikazny vliv pouze
ro¢nik (KVA), v roce 2006 byl obsah ZEA prlikazné vys$si nez v ostat-
nich letech. V literatufe se uvadi, ze ZEA je produkovan patogeny
Fusarium v zrnu zejména v pozdéjSich rustovych fazich, na rozdil
od DON, ktery je tvofen dfive a ve stadiu plné zralosti mize jeho
koncentrace v klasech dokonce klesat (Matthaus et al., 2004).V roce
2006 byla u nas sklizen je¢mene poznamenana destivym pocasim,
které nastoupilo shodné témér na celém uzemi CR dne 3. 8. 2006,
tedy ve stadiu pIné zralosti obilovin a trvalo 10 dni (Prokes, 2006). Je
mozné, ze tyto srazky byly pfi¢inou vy§Siho obsahu ZEA v jemeni
v tomto skliziiovém roce.

Obr. 4 Srovnani obsahu DON (priméry a mediany) v jarnim jeémeni
péstovaném po predplodiné kukufici (131 vzorkd), obiloving (94
vzorki) a jinych pfedplodinach (102 vzorku), sklizen CR, 2005-2010,
celkem 327 vzorkl / A comparison of DON content (means and me-
dians) in spring barley grown after maize (131 samples), cereal crop
(94 samples) and other preceding crops (102 samples), Czech Re-
public, 2005-2010, 327 samples

examined. All samples met the limit in 2005 and 2010, one sample
exceeded the limit in 2006 and 2008, and four samples in 2007
(Tab. 1, Fig. 3). An exception was the year 2009 when the limit was
exceeded in 13 of 50 samples analysed, i.e. 26 %. In this year, the
highest mean (932 pg/kg) and maximum (7050 pg/kg) DON content
as well as the highest percentage of positive barley samples (96 %)
were found. In contrast, the lowest percentage of positive samples
was assessed in 2010 (63 %) and in this year, the lowest mean
(54 pg/kg) as well as maximum (227 pg/kg) DON content was deter-
mined in barley. ZEA content was measured in 100 barley samples
from 2006, 2007 and 2010 harvests (Tab. 2). Three samples with the
content exceeding the maximum level for food cereals (100 pg/kg)
were found; all of them were collected in 2006. In this year, all ana-
lysed barley samples were positive for ZEA and the highest maxi-
mum (222 pg/kg) and mean (49 pg/kg) levels of ZEA content were
also found. These values were very low in the other years, especially
in 2010. In this year, 22 % of samples were positive for ZEA content
when the maximum level was 14.4 pg/kg and mean level was
1.4 pg/kg. A positive significant correlation (p=0.004) was found be-
tween DON and ZEA content.

Effects of the year, variety, preceding crop and origin
of samples on the content of mycotoxins

The content of DON was significantly higher in 2009 than was in
the other years (confirmed by KVA and MT methods). Second high-
est levels were found in 2007. The effect of variety on DON content
was confirmed using the KVA method, while the significance was on
the limit (p=0.054) using the MT method. Significantly lower levels
were assessed in the variety Malz, however, the frequency of varie-
ties in individual years was greatly unbalanced and Malz samples
were not collected in years with high contamination levels (2009 and
2007). There were no significant differences between the other varie-
ties. The effect of preceding crop on DON content was confirmed
using the statistical analysis MT. The highest DON content was found
after maize (Fig. 4). The difference between the preceding crop ce-
real and other preceding crop was not statistically significant. The
effect of the region on DON content was not confirmed. The content
of ZEA was affected statistically significantly only by the year (KVA)
and it was significantly higher in 2006 than was in the other years.
ZEA is reported to be produced in grain by Fusarium pathogens at
later growth stages in contrast to DON that is produced earlier and its
concentration in heads can even decrease at the stage of full ripe-
ness (Matthaus et al., 2004). The 2006 harvest was influenced by
rainy weather that began nearly in the whole territory of the Czech
Republic on August 3, it means at the stage of full ripeness, and took
10 days (Proke$, 2006). It is possible that the rainfall caused the
higher content of ZEA in barley in this harvest year.

600 4 Tab. 2 Obsah zearalenonu (ZEA) v jeémeni sklizeném v CR v letech
- B median/median 2006, 2007 a 2010, 100 vzorkd / Zearalenone (ZEA) content in bar-
200 . ley harvested in the Czech Republic in 2006, 2007 and 2010, 100
= B pramér/mean samples
=2 400 A
=]
2 300 2006 | 2007 | 2010
= v . o
o pocet analyzovanych vzork( celkem /
g 200 total number of analysed samples 20 20 60
100 A % vzorkll s obsahem ZEA > 2 pg/kg / o o o
& I % samples with ZEA content >2 1ig/kg 100% | 45% | 22%
" % vzork(l s obsahem ZEA > 100 pg/kg / o o o
jind ‘ obilavina kukufice % samples with ZEA content >100 uig/kg 15% | 0% 0%
plredplodina/preceding crop Obsah ZEA (pg/kg)
| ZEA content
*Jako predplodina jind jsou zahrnuty predplodiny: brambory, maximum / maximum 222 | 48 14
vojtéSka, jetel, mak, slunecnice, cukrovka, len, hof€ice, fepka / pramér / mean 49 7 1,4
Other preceding crop includes: potatoes, alfalfa, clover, poppy, sun- median / median 31 ) -

flower, sugar beet, flax, mustard, oilseed rape
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Tab. 3 Vyskyt patogend F. avenaceum, F. culmorum, F. graminearum a F. poae na jeémeni, sklizefi 2006—2009, CR, 190 vzorkd / The occur-
rence of F. avenaceum, F. culmorum, F. graminearum and F. poae pathogens on barley, Czech Republic, 2006-2009 harvests, 190 samples

Druh Fusarium / Pocet/podil vzorku s potvrzenou pfitomnosti daného patogena v zrnu /

Fusarium species Number/percentage of samples with the confirmed presence of the pathogen in grain
2006 2007 2008 2009

F. avenaceum 12 30% 0 0% 0 0% 41 82%

F. culmorum 0 0% 0 0% 0 0% 0 0%

F. graminearum 4 10% 7 14% 4 8% 48 96%

F. poae 17 43% 50 100% 32 64% 47 94%

Druhy Fusarium

F. poae dominovalo na vzorcich je€mene ve vSech sledovanych
letech s vyjimkou roku 2009 (fab. 3), kdy pfiblizné stejné Casto jako
F. poae bylo zjisténo F. graminearum. V jednotlivych letech bylo
F. poae zjisténo na 42,5 % (2006), 100 % (2007), 64 % (2008) a 94 %
(2009) vzorkl. F. graminearum bylo s vyjimkou roku 2009 nalézano
spiSe sporadicky (max 14 % vzorku v roce 2007), v roce 2009 vSak
bylo zji§téno na 96 % vzorkl. F. avenaceum bylo zji§téno pouze v le-
tech 2006 (30 % vzork() a 2009 (82 % vzork(). F. culmorum nebylo
zjisténo v zadném ze sledovanych let. Je zfejma znacna rocnikova
variabilita ve vyskytu druhl Fusarium, pfi¢emz Uroven obsahu DON
korespondovala s vyjime¢né Castymi nalezy patogena F. graminea-
rum. Absence druhu F. culmorum na jarnim je¢meni v CR byla zjisté-
na také sledovanim provedeném na sklizni roku 2010 (Kmoch et al.,
2011), zahrnujicim dvé lokality. Naopak jako nej¢astéji se vyskytujici
druh Fusarium bylo F. culmorum zji§téno pfi analyzach vzorkd jeé-
mene sklizné 1997-1998 z jedné pokusné lokality CR, nasledovano
v Cetnosti druhy F. poae a F. avenaceum (Hysek et al., 1999).

4 ZAVER

Hlavni charakteristikou kontaminace je€mene sledovanymi myko-
toxiny DON a ZEA v letech 2005—-2010 byla statisticky prikazna roc-
nikova variabilita, stejné, jako bylo zjisténo v jinych obdobnych pra-
zkumech (Edwards, 2006). Podil vzorkl prekracujicich limit pro
potravinarské obiloviny byl pfevazné maly a v nékterych sledovanych
letech nulovy. Vyjimkou byl rok 2009, kdy limit pro maximalni obsah
DON prekroéilo 26 % sledovanych vzorkll je¢émene. Odpovidaly
tomu také vyjime€né hojné nalezy producenta tohoto mykotoxinu,
patogena F. graminearum. Nejnizsi Uroven kontaminace obéma sle-
dovanymi mykotoxiny DON i ZEA byla zji§téna v roce 2010. Kromé
roéniku maji na uroven obsahu fuzariovych mykotoxinu vliv také dal-
§i faktory, jako jsou pfedplodina, odrida a zplsob péstovani (Ma et
al., 2009; Schaafsma et al., 2005), které, v kombinaci s regionalnimi
rozdily po¢asi, mohou zplsobit znaénou variabilitu v rdmci jednoho
skliziiového ro¢niku. V naSem sledovani byl kromé vlivu roéniku sta-
tisticky prokazan vliv odrady a pfedplodiny. Zjisténé vysledky potvrdi-
ly prikazné vy$si obsah DON u je€émene péstovaného po kukufici.
Za celkové pfevladajici druh Fusarium na jeCmeni v letech 2006—
2009 v CR je mozno oznacit F. poae, ktery neprodukuje DON, ale
patfi do skupiny producentl trichothecenli A (napf. HT-2 toxin, T-2
toxin, diacetoxyscirpenol). Proto by se méla u je€mene zaméfit po-
zornost také na sledovani téchto mykotoxind, kromé v soucasnosti
limitovanych DON a ZEA. Urover kontaminace obilovin mykotoxiny
a slozeni spektra jejich puvodcl podléhaji zna¢né ro¢nikové variabi-
lité a jsou zavislé na mnoha dalSich faktorech. Pro praktické ucely je
proto dulezité sledovat jejich vyskyt kazdoro¢né, a to na dostatecné
velkém, reprezentativnim zpusobem sestaveném souboru vzorkud
zahrnujicim rdzné lokality a zpUsoby péstovani. Zplsob sestaveni
reprezentativniho souboru vzorkll s proporcionalné zastoupenymi
oblastmi péstovani a pouzitou agrotechnikou je pro ziskani spolehli-
vych vysledkd zasadni. Nedilnou soucasti sledovani kontaminace
obilovin mykotoxiny by meélo byt i sledovani vyskytu jejich plvodcu,
druhli Fusarium.

Podékovani

Vysledky byly ziskany feSenim vyzkumnych projektd MZe &.
QG60047 a QG50041, vyzkumného zaméru MSM 2532885901
a s vyuzitim institucionalni podpory na dlouhodoby koncepéni rozvoj
vyzkumné organizace (rozhodnuti MZe CR &. RO0211 ze dne 28. 2.
2011).

Fusarium species

F. poae predominated in barley samples in all years examined,
except of 2009 (Tab. 3) when F. graminearum was detected approxi-
mately as often as F. poae. The latter was found in 42.5 % (2006),
100 % (2007), 64 % (2008) and 94 % (2009) of samples. The occur-
rence of F. graminearum was rather sporadic (maximum 14 % of
samples in 2007) except of 2009 when it was found in 96 % of sam-
ples. F. avenaceum was detected only in the years 2006 (30 % of
samples) and 2009 (82 % of samples). F. culmorum was not found in
any of the years examined. There is apparent substantial seasonal
variability in the occurrence of Fusarium species and the level of
DON content corresponded to extremely frequent presence of
F. graminearum. The absence of F. culmorum on spring barley in the
CR was also documented by analyses of grain harvested in 2010
(Kmoch et al., 2011) at two locations. On the contrary, F. culmorum
was found as the most frequent Fusarium species in barley samples
collected from one experimental location in the CR in 1997-1998,
followed by F. poae and F. avenaceum (Hysek et al., 1999).

4 CONCLUSIONS

A main characteristic of barley contamination with mycotoxins
DON and ZEA in 2005-2010 was a significant seasonal variability,
which was also assessed in other similar surveys (Edwards, 2006).
The percentage of samples exceeding the limit for food cereals was
mostly low and even zero in some years. The year 2009 was an ex-
ception when the allowed maximum DON level was exceeded by
26 % of barley samples examined. It also corresponded to extremely
frequent detection of the producer of this mycotoxin, the pathogen
F. graminearum. The lowest level of contamination with the two mon-
itored mycotoxins, DON and ZEA, was determined in 2010. Beside
the year, the level of Fusarium mycotoxins in grain is also affected by
other factors, such as preceding crop, variety and cropping practice
(Ma et al., 2009; Schaafsma et al., 2005), which can, in combination
with regional differences in weather conditions, result in considerable
variability within one harvest year. In our survey, in addition to the
effect of the year, the effect of the variety and preceding crop was
statistically confirmed. Our results demonstrated significantly higher
DON content in barley grown after maize. In general, F. poae can be
considered a prevailing Fusarium species on barley in the CR in the
period 2006—-2009. This pathogen does not produce DON, but it be-
longs to the group of trichothecene A producers (e.g. HT-2 toxin, T-2
toxin, diacetoxyscirpenol). Therefore, in barley an attention should
also be paid to monitoring these mycotoxins in addition to DON and
ZEA. The level of cereal contamination by mycotoxins and spectrum
of their pathogens are affected by a considerable seasonal variability
and are dependent on many other factors. For practical reasons,
therefore, it is important to monitor their occurrence every year and
on a sufficiently large, representative set of samples covering various
locations and cropping practices. The way of forming such a set of
samples with proportionally represented growing regions and agro-
nomic practice is crucial for achieving reliable results. An integral part
of monitoring cereal contamination with mycotoxins should also be
observing the occurrence of their producers, Fusarium species.
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