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Fytopatogenni houby rodu Fusarium, zpUsobujici fuzariovou hnilobu klast jeémene (béloklasost), jsou celosvétove vyznamnym zdrojem
nebezpecnych mykotoxind ve sklizené produkci. Kromé tvorby mykotoxin mohou negativné ovliviiovat vynos. Cilem prace bylo stanovit
pomoci real-time PCR metody vliv odridy/linie, fungicidniho oSetfeni a lokality na pfirozené infekce obilek jarniho jeémene (Hordeum
vulgare L.) houbami rodu Fusarium. Pokus byl proveden v roce 2010 na lokalité Zabgice a Kromé&fiz. Do pokusu bylo zafazeno 14
odrdd/linii ve dvou variantach — fungicidné oSetfena a bez osetreni (kontrola).

V obilkach je¢mene byly identifikovany a kvantifikovany nejvyznamné;jsi druhy F. graminearum, F. poae, F. avenaceum a F. culmorum.
Nejcastgji bylo identifikovano F. avenaceum a F. graminearum. Mezi odridami/liniemi nebyly obecné zjiStény statisticky vyznamné rozdily
v intenzité infekce obilek sledovanymi patogeny. Mezi lokalitami byl zjistén v intenzité infekce statisticky prakazny rozdil pouze u druhu
F. avenaceum. Statisticky vyznamné nizsi infekce obilek je€mene byla prokazana u fungicidy oSetfené varianty pouze u patogenu F. gra-

Kmoch M. — Safrankova I. — Holkova L. — Pokorny R. — Markova J.: Fungi of Fusarium sp. in naturally infected malting barley
varieties/lines (Hordeum vulgare L.) and their identification and quantification by the real-time PCR method. Kvasny Prum. 57,
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Phytopatogenic fungi of Fusarium sp. causing fusarium ear blight are a significant source of dangerous mycotoxins in harvested pro-
duction worldwide. Besides production of mycotoxins, they can also negatively affect yield. The aim of this study was to determine with
the real-time PCR method the effect of a variety/line, fungicide treatment and locality on the intensity of natural infection of spring barley
grains (Hordeum vulgare L.) by fungi of Fusarium spp. The experiment was conducted at the localities Zabgice and Kromé&fiz in 2010.
The experiment comprised 14 varieties/lines in two variants — fungicide treated and without treatment (control). F. graminearum, F. poae,
F. avenaceum, and F. culmorum were the most significant species identified and quantified in barley grains. F. avenaceum and F. grami-
nearum were identified most frequently. Between varieties/lines, no statistically significant differences were found in infection of grains
caused by the studied pathogens. Statistically significant difference between localities was found only F. avenaceum sp. A statistically
significant difference between the fungicide-treated variant and fungicide-non-treated variant was found in the pathogen F. graminearum.
Generally lower level of barley grains infection by Fusarium spp was determined in a chemically treated variant.

Kmoch, M. — Safrankova, I. — Holkova, L. — Pokorny, R. — Markova, J.: Die Pilze der Familie Fusarium in den naturinfizierten
Bewuchsen von Braugerstensorten/Linien (Hordeum vulgare L.) und ihre Identifikation und Quantifikation durch Anwendung
der real-time PCR Methode. Kvasny Prum. 57, 2011, Nr. 7-8, S. 203-208.

Die fytopathogenne Pilze der Familie Fusarium, die Fusarium Faule der Gerstendhren verursachen, stellen in der ganzen Welt eine
bedeutende Quelle der gefahrlichen Mykotoxine in der abgeernteten Produktion dar. Weiterhin kdnnen diese Pilze auch den Erntenertrag
negativ beeinflussen. Der Artikel befaBt sich mit der Methode real-time PCR den EinfluB der Sommergerstensorte/Linie, Fungizidbe-
handlung und der Lokalitat auf die Naturinfektion der Grasfrucht der Sommergerste (Hordeum vulgare L.) durch die Pilze der Familie
Fusariumfestzustellen. Im Jahre 2010 in der Lokalitit Zabgice und Kromé&fiz wurde ein Versuch durchgefiihrt. Es wurden 14 Sorten/Linien
in zwei Varianten — eine fungizidbehandelt, die zweite ohne chemische Behandlung eingesetzt. In den Grasfriichten wurden die bedeu-
tendsten Sorten F. graminearum, F. poae, F. avenaceum und F. culmorum identifiziert und quantifiziert. Am haufigsten wurden F.
avenaceum und F. graminearum identifiziert. Unter Sorten/Linien wurden keine statistisch bedeutenden Unterschiede in der Infektions-
intensitat der Grasfrucht durch die verfolgte Pathogene festgestellt. Unter den Lokalitdten wurde nur einen statistisch bedeutenden Un-
terschied bei der Sorte F. avenaceum ermittelt. Eine statistisch bedeutende niedrigere Infektion der Gerstengrasfrucht wurde nur bei der
fungizidbehandelte Variante beim Pathogen F. graminearum nachgewiesen. Eine niedrigere Infektion durch die Pathogene der Familie
Fusarium in Allgemein wurde bei der chemisch behandelte Variante gefunden.

Kli¢ova slova: Fusarium spp., real-time PCR, jecmen jarni, odridy = Keywords: Fusarium spp., real-time PCR, spring barley, varieties

1 UVOD 1 INTRODUCTION

Houby rodu Fusarium jsou vyznamnymi patogeny obilnin, u nichz
zpUsobuji onemocnéni klasu (béloklasost — fuzariova hniloba klasu),
kofen( a pat stébel i odumiranim kli¢nich rostlin [1]. Nepfiznivé ovliv-
Auji vynos i kvalitu produkce [2]. K infekci mize dochazet kdykoliv
béhem vegetace, pokud je vlhké &i destivé poc€asi. Nejvyznamnéjsi
je napadeni klaskd, které jsou nejvnimavéjsi v dobé kvétu nebo po-
Catecni fazi voskové zralosti obilek [3]. Napadené obilky pfedstavuji
nebezpedi pro ¢lovéka i hospodarska zvifata. Dlvodem je produkce
toxickych sekundarnich metabolitd, tzv. mykotoxinl, poskozujicich
napf. zazivaci ustroji, imunitni systém aj., nékteré maji karcinogenni

Fungi of the genus Fusarium are significant pathogens of cereals
where they cause diseases of ears (fusarium ear blight, FEB) roots
and stalk feet and dying of germinating plants [1]. They affect yield
and quality of production unfavorably [2]. The infection can occur any-
time during vegetation if the weather is hot or wet but the most serious
is infestation of spikelets which are more sensitive in the flowering
period or at initial phase of grains waxy ripeness [3]. The infested
grains are risky both for humans and livestock. The reason is produc-
tion of toxic secondary metabolites, so-called mycotoxins damaging
for example the alimentary tract, immune system etc. some having
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potencial [1, 2, 4]. Chemicky a tepelné stabilni mykotoxiny [5] mohou
zpusobovat technologické problémy pfi vyrobé piva, konkrétné pfi sla-
dovani (inhibice syntézy enzym() nebo pfi kvaseni (inhibice ristu
kvasinek) [6]. V obilovinach se vyskytuji zejména trichotheceny
(zvlasté deoxynivalenol DON a nivalenol NIV) a jejich derivaty, T-2 to-
xin, HT-2 toxin, diacetoxyscirpenol a neosolaniol [7, 5]. Vyznamnym
zdrojem trichothecend jsou Fusarium graminearum (teleomorfa Gib-
berella zeae), F. culmorum, F. poae, F. sporotrichioides a F. equiseti
(teleomorfa G. intricans) [8]. F. graminearum, F. culmorum a F. poae
produkuji deoxynivalenol [9], ktery pfechazi i do piva a spolu se Sta-
velany se podili na pfepénovani (tzv. gushing). £ graminearum a F.
lenonu (ZEA) a jeho derivatu. F. avenaceum (teleomorfa G. avenacea)
produkuje trichotheceny, ale i napf. enniatiny a moniliforminy [10].

Vyse uvedené houby zpUsobujici fuzariovou hnilobu klasu jeémene
Ize omezovat pouZitim vhodného fungicidu. U&innost fungicidniho
o$etfeni zavisi nejen na ucinné latce, ale také na zplisobu a terminu
aplikace [1, 11]. K dosaZeni maximalni tcinnosti je tfeba fungicid apli-
kovat nékolik dni pfed infekci rovnomeérné na v§echny klasy [12]. U¢in-
nost také zavisi na prdbéhu pocasi [13], virulenci patogennich kmen(
a pfedevsim na komplexu pfitomnych hub [1]. Jednotlivé druhy rodu
Fusarium vykazuji specifickou citlivost vGéi u¢innym latkam: triazoly
jsou vysoce uginné na F. graminearum, strobiluriny na F. avenaceum.
Triazoly sice vykazuji vysokou uc€innost na F. graminearum, F. culmo-
rum a F. avenaceum, ale mnohem niz§i na Microdochium nivale (te-
leomorfa Monographella nivalis) [14].

Nejen citlivost k fungicidim, ale i schopnost produkovat mykotoxiny
se u jednotlivych druhti rodu Fusarium lisi, a proto je nezbytna jejich
identifikace a kvantifikace [15, 8]. Klasické metody identifikace jsou
Casové i odborné naro€né, naopak relativné rychlé, vysoce citlivé
a specifické jsou metody PCR (Polymerase Chain Reaction) a Ize je
automatizovat [15]. Ke kvantifikaci jednotlivych druh(i r. Fusariumv in-
fikovanych rostlinnych pletivech se vyuziva real-time PCR (Quantita-
tive Real Time Polymerase Chain Reaction) [16, 15].

Cilem prace bylo stanovit vliv odrady/linie, fungicidniho o$etfeni
a lokality na intenzitu pfirozené infekce obilek jarniho je€émene hou-
bami r. Fusarium pomoci molekularni metody real-time PCR.

2 MATERIAL A METODY

Blokovy pokus se tfemi opakovanimi byl realizovan v roce 2010 na
lokalité Zabgice (179 m n. m.) a Kromé&iz (220 m n. m.). Do pokusu
bylo zafazeno 14 odrGd/linii jarniho jeémene — pluchaté — Aksamit,
Blanik, Bojos, Jersey, Kangoo, Prestige, Radegast, Sebastian, Malz,
Tolar a bezpluché — KM 1057, AF Lucius, KM 2084 a KM 2283 ve
dvou variantach: fungicidné oSetfena — konvencni (osivo namoreno
pfipravkem Raxil TNT, béhem vegetace fungicidy Archer Top 400 EC
a Fandango 200 EC) a bez oSetfeni (nemorené osivo, v priibéhu ve-
getace byly pouzity pouze herbicidy). Fungicid Archer Top 400 EC
(0,9 I.ha'") byl aplikovan ve vyvojové fazi je¢émene DC 34 a pfipravek
Fandango 200 EC (1,2 I.ha") ve fazi DC 58-59. Oba pfipravky byly
aplikovany formou postfiku. Sklizen obilek byla provedena 28.7.2010
pomoci sklizeci mlaticky (Osevan).

Raxil TNT (u¢inna latka: tebuconazole + triazoxide)

Archer Top 400 EC (u¢innd latka: fenpropidin + propiconazole)

Fandango 200 EC (u¢inna latka: fluoxastrobin + prothioconazole)

2.1 Izolace DNA z obilek jeEmene

Vzorek obilek kazdé odrldy (100 g) byl rozemlet v laboratornim
mlynku a nasledné 1 g homogenizatu opét homogenizovan v tfeci
misce pomoci tekutého N,. Ze vzorku (100 mg) byla nasledné izolo-
vana DNA pomoci kitu DNeasy® Plant Mini Kit (Qiagene, Némecko)
a stanovena jeji kvalita a kvantita pomoci spektrofotometru NanoDrop
2000c.

2.2 Izolace DNA z mycelia hub

K vytvoreni standardu a kalibra¢nich kfivek pro kvantifikaci jedno-
tlivych druhl r. Fusarium v obilkach je¢mene byla izolovana DNA
z izolatl Cistych kultur (Sbirka fytopatogennich hub, Vyzkumny Ustav
rostlinné vyroby Praha-Ruzyné) péstovanych na bramboro-dextr6zo-
vém agaru (PDA) v Petriho miskach (9 mm). DNA byla izolovana ze
100 mg mycelia stejnym zpUsobem jako u obilek.

2.3 PCR reakce

Reakéni smés pro PCR byla sloZzena z nasledujicich komponentu:
QuantiTect SYBR® Green PCR Kits (Qiagen, Némecko) 12,5 pl, for-
ward primer 0,8 pl (50 pM), reverse primer 0,8 pl (50 pM), Uracil-DNA

carcinogenic potential [1, 2, 4]. Mycotoxins can also create techno-
logic problems during brewing, particularly at malting (inhibition of
synthesis of enzymes) or fermentation (inhibition of yeast growth) [6].
These toxins are chemically and thermally stable [5]. In cereals,
namely trichothecenes (first of all deoxynivalenol DON and nivalenol
NIV) and their derivates, T-2 toxin, HT-2 toxin, diacetoxyscirpenol and
neosolaniol, occur [7, 5]. Important sources of trichothecenes are
Fusarium graminearum (teleomorph Gibberella zeae), F. culmorum,
F. poae, F. sporotrichioides, and F. equiseti (teleomorph G. intricans)
[8]. F. graminearum, F. culmorum, and F. poae produce deoxynivalenol
[9] that also passes into beer and together with oxalates they con-
tribute to overfoaming (so-called gushing). F. graminearum and F. cul-
morum are at the same time the most significant producers of zear-
alenon (ZEA) and its derivates. F avenaceum (teleomorfa G.
avenacea) produces trichothecenes but also for example enniatins
and moniliformins [10].

The above mentioned fungi that cause FEB of barley, can be re-
duced by use of a suitable fungicide. The efficiency of the fungicidal
treatment is variable and hardly predictable. It depends not only on
the efficient substance but also on the manner and term of the fungi-
cide application [1, 11]. If the fungicide treatment is to be efficient, it
must be used several days prior to the assault and completely to all
ears [12]. The efficiency also depends on the meteorological condi-
tions [13], virulence of pathogens and first of all complex of fungi pre-
sent on the plots [1]. Each fungi causing FEB has specific fungicide
sensitivity:

F. graminearum is sensitive to triazols, F. avenaceum is more sus-
ceptible to strobilurins.

F. graminearum, F. culmorum, and F. avenaceum are much more
sensitive to triazols than Microdochium nivale (teleomorph Mono-
graphella nivalis) [14].

Besides fungicide sensitivity, also capacity to produce mycotoxins
in particular Fusarium species is different, therefore their identification
and quantification is necessary [15, 8]. Classical methods of identifi-
cation are time and professionally demanding compared to the PCR
methods which are relatively fast, highly sensitive and specific and
can be automated [15]. The real-time PCR (Quantitative Real Time
Polymerase Chain Reaction) is used for the quantification of the in-
dividual Fusarium species in infected plant tissues [16, 15].

The aim of this study was to determine the effect of variety/line,
fungicide treatment and locality on the intensity of natural infection of
spring barley grains with fungi of Fusarium sp using the molecular
real-time PCR method.

2 MATERIAL AND METHODS

_ The block trial with three replications was conducted in the locality
Zabcice (179 m above sea level) and Kroméfiz (220 m above sea
level) in 2010. The experiment comprised 14 varieties/lines of spring
barley — hulled — Aksamit, Blanik, Bojos, Jersey, Kangoo, Prestige,
Radegast, Sebastian, Malz, Tolar and hulless — KM 1057, AF
Lucius, KM 2084, and KM 2283 in two variants: with fungicide treat-
ment —conventional (seed treated with the fungicide Raxil TNT, during
vegetation with the fungicides Archer Top 400 EC and Fandango 200
EC) and without treatment (non-treated seed, during vegetation only
herbicides were used). The fungicide Archer Top 400 EC (0.9 l.ha™)
was applied in the barley development phase DC 34 and Fandango
200 EC (1.2 L.ha') in the phase DC 58-59. Both fungicides were
sprayed. Grains were harvested on July 28 2010 with a threshing har-
vester (Osevan).

Raxil TNT (efficient substance: tebuconazole + triazoxide)

Archer Top 400 EC (efficient substance: fenpropidin + propicona-
zole)

Fandango 200 EC (efficient substance: fluoxastrobin + prothiocona-
zole)

2.1 DNA isolation from barley grains

A 100 g sample (grains) of each variety was homogenized in a lab-
oratory mill and subsequently 1 g of the sample was homogenized
in a mortar with liquid N,. Subsequently from the sample (100 mg)
DNA was isolated using the DNeasy® Plant Mini Kit (Qiagene, Ger-
many) and its quality and quantity was assessed with the spectropho-
tometer NanoDrop 2000c.

2.2 DNA isolation from fungi mycelia
To form the standard and calibration curves for quantification of the
individual Fusarium species in barley grains, DNA was isolated from
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glycosylase (2 U), H,O 9,65 pl, genomickéd DNA 1 pl (10 ng). Pro F.
graminearum, F. poae a F. avenaceum byly pro amplifikaci vybrany
pary primera publikované Nicolaisenem [15], pro F. culmorum primery
publikované v [17]. Reakéni podminky byly zvoleny dle metodik ve
vySe citovanych publikacich. PCR reakce kazdého vzorku probihaly
v objemu 25 pl reakéni smési (3 opakovani). Do reakce byla zafazena
pozitivni kontrola (standard) a negativni kontrola (bez templatu). Ge-
nomicka DNA analyzovanych vzork(l obilek byla pfed amplifikaci vy-
rovnana na stejnou koncentraci (10 ng.pl"). Kalibraéni kfivka byla vy-
tvorena ze standardu jednotlivych druh(l hub, jejichz DNA byla fedéna
(10x, 100x%, 1 000x a 10 000x). Reakce probihala v iCycleru (Biorad).

Relativni kvantifikace jednotlivych druhl r. Fusarium byla stano-
vena na zakladé hodnot Cy. Jako vnitini kalibrator byl bran vzorek
100x fedéné DNA z mycelia odpovidajiciho druhu.

2.4 Statistické vyhodnoceni

Ke statistickému vyhodnoceni hodnot ziskanych pfi relativni kvan-
tifikaci byla pouzita vicefaktorova analyza rozptylu a mnohonasobné
porovnavani (Tukey-HSD; a = 0,05) v programu UNISTAT 5.1. (Unis-
tat Ltd., London, UK).V grafech uvedenych ve vysledcich predstavuje
kazdé pismeno jinou hladinu statistické vyznamnosti pfi p=0,05.

3 VYSLEDKY A DISKUSE

V roce 2010 byly druhy r. Fusarium identifikovany v 75 % vzorkU
neos$etfenych fungicidy a v 53 % oSetfenych fungicidy. | kdyz ¢etnost
vyskytu druht r. Fusarium byla zdanlivé vysokd, intenzita napadeni
byla velmi nizka. Rod Fusarium byl v celkové mykofléfe zastoupen
pouze 4,15 %. Nejcastéji detekovanymi druhy bylo F. avenaceuma F.
graminearum. SloZeni druhové spektra se mize lisit v rdmci roku a lo-
kality. Hysek [18] uvadi na jeémeni v Ceské republice jako nejéast&ii
izolované druhy F. culmorum a F. poae. Schilling [19] uvadi jako nej-
Castéjsi druh v Némecku F. graminearum a v Holandsku F. avena-
ceum. Limitujicimi faktory pro vyskyt a roz$iteni druhti rodu Fusarium
jsou kromé meteorologickych podminek i Eetné agrotechnické faktory
(termin vysevu, osevni sled, termin aplikace fungicidu, u¢inna latka
aj.). Na celkové mikrofl6fe testovanych obilek je€mene v naSem ma-
terialu se podilely druhy z 14 rod(i patogennich hub. Na vSech vzor-
cich z obou lokalit i variant oSetfeni byly nej¢astéji izolovany sapro-
fytické druhy r. Alternaria a Cladosporium.

Vyskyt druht r. Fusarium v obilkach obilnin Ize stanovit rGznymi
metodami, pfi€emz se obvykle stanovi podil napadenych obilek a za-
stoupeni jednotlivych druhd. K posouzeni mozného rizika je ale nutné
stanovit i kvantitativni zatizeni. Ke kvantifikaci jednotlivych druht r. Fu-
sarium v infikovanych pletivech byla pouzita metoda real-time PCR.

Intenzita infekce obilek odridy Radegast, ktera byla nejvice napa-
dena houbou F. graminearum, se statisticky prakazné liSila od inten-

pure cultures (Collection of phytopathogenic fungi of the Crop Re-
search Institute Praha-Ruzyné&) grown on potato-dextrose agar (PDA)
in Petri dishes. DNA was isolated from 100 mg of mycelia using the
same method as in grains.

2.3 PCR reaction

Reaction mixture for PCR was prepared from following compo-
nents: QuantiTect SYBR® Green PCR Kits (Qiagen, Germany) 12.5
ul, forward primer 0.8 pl (50 uM), reverse primer 0.8 pl (50 pM), Uracil-
DNA glycosylase (2 U), H,O 9.65 pl, genomic DNA 1 pl (10 ng). For
amplification of F. graminearum, F. poae and F. avenaceum, primer
pairs published by Nicolaisenem [15], were selected, for F. culmorum,
primers published by Schilling [17]. Reaction conditions were chosen
according to the methods cited in the above mentioned studies. PCR
reaction of each sample was performed in a volume of 25 pl per re-
action mixture (3 repetitions). Positive control (standard) and negative
control (without template) were included in the reaction. Prior to am-
plification, genomic DNA of the analyzed samples of grains was
equaled to the same concentration (10 ng.pl ). Calibration curve was
formed from the standards of the individual fungi, DNA of which was
diluted (10x, 100x, 1 000x and 10 000x). Reaction was performed in
the iCycler (Biorad).

Relative quantification of the individual Fusarium species was de-
termined on the basis of C;values. A sample of 100x diluted DNA
from the mycelium of the relevant species was taken as an inner cal-
ibrator.

2.4 Statistical evaluation

Multifactorial analysis of variance and multiple comparisons (Tukey-
HSD; a=0.05)

program UNISTAT 5.1 were applied for the statistical evaluation of
values obtained at relative quantification. In figures given in results,
each letter represents another level of statistical significance at
p=0.05.

3 RESULTS AND DISCUSSION

In 2010 Fusarium species were identified in 75% of samples without
fungicides and 53% of fungicide treated samples. Although the oc-
currence of species of Fusarium was relatively high, intensity of in-
festation was very low. Fusarium species was represented only by
4.15% in total mycoflora. The most frequently detected species were
F. avenaceum and F. graminearum. It is evident that the spectrum of
species may differ within a year and locality. According to Hysek [18]
the most often isolated species barley in the Czech Republic are F.
culmorum and F. poae. Schilling [19] gives F. graminearum as the
most frequently occurring species in Germany and F. avenaceum in

0,016 b
0,014
= c
5 g 0,012 ab
©
2f om
S E _ 0008 ab
Q o
Q g. < 0,006
= 5 0,004 ab-ab
s g a_2
5 2 0,002 , a 18 I I
O X oD D P . SN -1 X
& & & K Q \g@ S ° &% & &
w ¥ 8 x> & & < ®
Odrady/linie Varieties/lines

Obr. 1 Intenzita infekce obilek odrad/linii jeémene patogenem F. graminearum/ Fig. 1 F. graminearum infection of grains of barley varieties/lines
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Obr. 2 Intenzita infekce obilek odrid/linii jeémene patogenem F. avenaceum / Fig. 2 F. avenaceum infection of grains of barley varieties/lines

zity infekce obilek odrd/linii Bojos, KM 2084, KM 1057
a Malz. U ostatnich odrad/linii jeémene nebyly zjistény sta-
tisticky prakazné rozdily. U odrad/linii AF Lucius,
Aksamit, KM 2283, Kangoo, Sebastian nebyla infekce obi-
lek patogenem F. graminearum zjisténa (obr. 1).

U vétSiny odrid/linii jeémene nebyly zjistény statisticky
vyznamné rozdily v intenzité infekce obilek patogenem F.
avenaceum. Pouze odrldy/linie KM 1057, Jersey, KM 2283,
u kterych byla zjisténa nejvy$si infekce obilek, se statisticky
vyznamné liSily od ostatnich (Kangoo, Malz a Sebastian).
Odrady Kangoo a Malz nebyly houbou F. avenaceum infi-
kovany (obr. 2).

V urovni infekce obilek odrid/linii houbou F. poae nebyly
zjistény statisticky prikazné rozdily. Infikovany byly obilky
pouze odrid Radegast a AF Lucius.

Mezi lokalitami byl zaznamenan statisticky prikazny roz-
dil v intenzité infekce obilek odrtd/linii jeémene patogenem
F. avenaceum. VyS$§i intenzita infekce obilek touto houbou
byla zjisténa na lokalité Kroméfiz (obr. 3).

U patogenu F. graminearum nebyl prokézan mezi lokali-
tami rozdil v infekci obilek odrad/linii, i kdyz vy$si infekce
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Obr. 3 Vliv lokality na infekci obilek odrdd/linii jeémene patogenem F. avenaceum
/ Fig. 3 The effect of the locality on F. avenaceum infection of barley grains
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Holland. Limiting factors for the occurrence and distribution

a of Fusarium species are weather conditions and numerous

agrotechnical factors (term of sowing, sowing sequence, term
of fungicide application, efficient substance, etc.). Total mi-
croflora of the tested barley grains in the material under study
was represented by 14 species of pathogenic fungi. Species
Alternaria and Cladosporium were the most frequently iso-
lated in all samples from both localities and variants of treat-
ment.

The occurrence of Fusarium species in cereal grains can
be assessed with various methods assessing the rate of in-
fected grains and representation of the individual species.
However, for the evaluation of a possible risk it is also nec-
essary to determine quantitative loading. The real-time PCR
technique was used for quantification of the individual Fusar-

Kromeériz Zabcice ium species in the infected tissues.

Infection of grains of the variety Radegast which were most
infected by fungi F. graminearum differed statistically signifi-

cantly from the infection of the grains of the varieties

Obr. 4 Vliv lokality na infekci obilek odrtd/linii jeémene patogenem F. grami- Bojos, KM 2084, KM 1057, and Malz. In the other barley va-
nearum/ Fig. 4 The effect of the locality on F. graminearum infection of barley rieties/lines no statistically significant differences were found.

grains

In several varieties/lines (AF Lucius, Aksamit, KM 2283, Kan-
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bez oSetreni/without
treatment

goo, Sebastian) grains infection by F
graminearum was found (Fig. 1).

In most barley varieties/lines, statistically
significant differences were not found in
grains infection by F. avenaceum. Statisti-
cally significant differences were found only
in the varieties/lines KM 1057, Jersey, KM
2283, and Kangoo, Malz and Sebastian. The
varieties Kangoo and Malz were not infected
by fungus F. avenaceum (Fig. 2).

No statistically significant differences
were found F. poae infection of grains. Only
the grains of the varieties Radegast and AF
Lucius were infected.

Among the localities, a statistically signif-
icant difference was found in barley grains
infection by F. avenaceum. Higher grains in-
fection by this fungus was detected in the lo-
cality Kroméfiz (Fig. 3).

In pathogen F. graminearum no difference
in grains infection was proven in the localities
although a higher grains infection was de-
termined in the locality Zabgice

(Fig. 4). F. poae occurred only in two sam-
ples in the locality Zabcice.

Obr. 5 Vliv fungicidniho oSetfeni na infekci obilek odrid/linii jeémene patogenem F. avenaceum
/ Fig. 5 The effect of fungicide treatment on barley grains infection by F. avenaceum

obilek byla zjisténa na lokalité Zabéjce (obr. 4). F. poae se vyskytlo
pouze ve dvou vzorcich na lokalité Zabgice.

| kdyZ u neo$etfené varianty byla zaznamenana vyssiinfekce obilek
F. avenaceum, nebyl prokazan statisticky vyznamny rozdil v infekci
obilek odrtd/linii jeémene mezi fungicidné o$etfenou a neosetfenou
variantou (obr. 5). F. avenaceum je méné citlivé k aplikovanym ucin-
nym latkdm nebo oSetfeni nebylo provedeno ve spravném terminu.

V intenzité infekce obilek odriid/linii jeémene patogenem F. grami-
nearum byl zjistén statisticky prikazny rozdil mezi fungicidné oSet-
fenou a neoSetfenou variantou. Vyssi infekce obilek byla zazname-
nana u chemicky neoSetfené varianty (obr. 6), coz potvrzuje Simpson
et al. [14], ktery uvadi, Zze F. graminearum je citlivé na triazoly.

Mezi oSetfenou a neoSetfenou variantou byl zjistén rozdil v infekci
obilek odrd/linii jeémene patogenem F. poae. Vy$Si infekce obilek
byla zjiSténa u neoSetfené varianty. Vzhledem k infekci pouze dvou
vzorkl nebylo provedeno statistické vyhodnoceni. Ukazalo se tedy,
ze i F. poae reagovalo na pouzité fungicidni latky.

4 ZAVER

Pomoci real-time PCR metody byly identi-

Although in the non-treated variant, higher
grains infection by F avenaceum was
recorded, no statistically significant differ-
ence was determined in grains infection of
barley varieties/lines between the variant with and without fungicide
treatment (Fig. 5). F. avenaceum is either less sensitive to the applied
efficient substances or the treatment was not conducted in a proper
term.

In grains infected by F. graminearum, statistically significant differ-
ence between the variants with and without the fungicide treatment
was found in infection of grains of barley varieties/lines. Higher grains
infection was recorded in chemically non-treated variant (Fig. 6), as
confirmed by Simpson [14] who claimed that F. graminearum was
sensitive to triazols.

Between the treated and non-treated variant, the difference in bar-
ley grains infection by the pathogen F. poae was found but as only
two samples were infected, statistical evaluation was not performed.
Higher grains infection was found in the non-treated variant. It means
that also F. poae reacted to the fungicide substances applied.

4 CONCLUSIONS

Using the real-time PCR method the most significant Fusarium
species (F. avenaceum, F. graminearum, F. poae and F. culmorum)

fikovany a kvantifikovany ¢&tyfi nejvyznam-
néjsi druhy r. Fusarium (F. avenaceum, F. gra-
minearum, F. poae a F. culmorum) vyskytujici
se na obilkach odrdd/linii jarniho jeémene
(Hordeum vulgare L.) v Ceské republice. Nej-
Casteéji bylo identifikovano F. avenaceum, a to
v 19 vzorcich (33,9 %), F. graminearum v 14
vzorcich (25 %). Pfitomnost ¢asto uvadénych
druhll v obilkach jeémene, tj. F. poae (pouze
na lokalité Kroméfiz ve dvou vzorcich odrid
Radegast a AF Lucius) a F. culmorum (nebylo
prokazano v zadném vzorku), nebyla potvr-
zena. Mezi odrldami/liniemi je¢mene byly
u nékolika vzork( zjistény statisticky vy-
znamné rozdily v intenzité infekce obilek
kvantifikovanymi patogeny. Mezi lokalitami
byl zjistén statisticky prikazny rozdil pouze
u druhu F. avenaceum (vy$$i napadeni na lo-
kalité Zabgice). Statisticky vyznamny rozdil
v intenzité infekce obilek mezi variantou fun-
gicidy oSetfenou a neoSetfenou byl zjistén
pouze u patogenu F. graminearum. Varianty
oSetfené fungicidy vykazovaly obecné kvan-
titativné niz8i vyskyt patogent rodu Fusa-

Kvantifikace patogenu
Pathogen quantification
AC

0,005 b
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0,004
0,0035
0,003
0,0025
0,002
0,0015
0,001
0,0005
0
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osetfena/fungicide
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Varianta/Variant

rium, coz napovida o uéinnosti chemického
oSetreni.
rum

Obr. 6 Vliv fungicidniho oS$etfeni na infekci obilek odrid/linii jeémene patogenem F. grami-
nearum / Fig. 6 The effect of fungicide treatment on barley grains infection by F. graminea-
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