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Pro stanoveni ochrannych opatfeni pro zrno uréené k uskladnéni je nutné znat zplisob a dobu osidleni jednotlivymi patogeny. Nejvétsi
podil mikroorganismu tvofi houby, s nimiz je ¢asto spojovana kvalita produkce. Nejéastéji zaznamenanymi druhy na zrnu jeémene byly
houby r. Alternaria, Cladosporium, Epicoccum, Fusarium, Aspergillus a Penicillium. Sou€asna fungicidni ochrana neni zarukou dosta-
te¢né ucinné ochrany proti infekci klasti a zrn houbami r. Fusarium. K neju¢innéj$im fungicidim proti napadeni klasu fusarii patfi pfi-
pravky obsahujici u¢inné latky ze skupiny DMI-fungicidll (inhibice demethylace sterol(l), avSak je tfeba stanovit vhodny termin aplikace,
tj. obdobi maximalniho nebezpediinfekce. Cilena ochrana proti fusariézam zrna se neprovadi (nerozliSuje se napadeni klast a zrn, a také
z hygienickych divodu), i kdyz infekce zrn fusarii mlze nastat i pozdéji (po kveteni). Pfesné korelace mezi vyskytem fusarii a produkci
mykotoxind nejsou znamy, stejné jako mechanismus plsobeni fungicidt na produkci mykotoxind. Protikladné informace potvrzuji slozi-
tost problému a utvrzuji v pfesvédéeni, Ze ochranna opatfeni je tfeba provadét komplexné, tj. od predplodiny, orby, agrotechniky, rezi-
stentnich odrid az po chemickou ochranu, véasnou sklizer a uskladnéni trody.

éafr@nkové, I. — Markova, M. — Kmoch, M.: Seed mycoflora of malting varieties and lines of spring barley in localities Kromériz
and Zab¢ice. Kvasny Prum. 56, 2010, No. 3, p. 138-144.

Determination of protective measures for grain destined for storage requires the knowledge of the way and time of colonization with
individual microbial pathogens, most of which are fungi that strongly affect the quality of production. The most frequent species colo-
nizing barley seeds are fungi of genera Alternaria, Cladosporium, Epicoccum, Fusarium, Aspergillus and Penicillium. The current fungi-
cidal protection does not guarantee sufficient protection against fusarioses of seed and ears. The most efficient fungicides against ear
fusarioses are formulas containing sterol demethylation inhibiting (DMI) fugicides; when using them it is important to know the most suit-
able term for their application, i.e. the period of maximum risk of infection. No directed protection against seed fusarioses is being car-
ried out (no distinction is being made between seed and ear fusarioses, and also because of sanitary reasons), although seed infection
can arise later, after flowering.The exact correlations between the occurrence of fusaria and mycotocin production are not known, nei-
ther is the mechanism of fungicide action on mycotoxin production. The contradictory data in this field attest to the complexity of the
problem and strongly point to the necessity of a complex protection involving previous crop, tillage, agricultural practices, resistant vari-
eties, chemical protection, timely harvest and crop storage.

Safrankova, I. — Markova, M. — Kmoch, M.: Mykoflora des Kornes von Braugerstensorten und Linien der Sommergersten in den
Lokalitaten Kromériz und Zab¢ice. Kvasny Prum. 56, 2010, Nr. 3, S. 138—144.

Flr die Bestimmung der Schutzmassnahmen fir ein zur Lagerung bestimmtes Korn ist es notwendig die Weise und die Zeit der Be-
siedlung durch einzelne Pathogene zu wissen. Der gréBte Anteil an Mikroorganismen stellen die Pilze dar, mit welchen die Produkti-
onsqualitat verbunden wird. Am Gerstenkorn werden am haufigsten die Pilze des Stammes gefunden: Alternaria, Cladosporium, Epi-
coccum, Fusarium, Aspergillus und Penicillium. Der zeitgenossische Fungizidschutz leistet keine Garantie eines genligend wirksamen
Schutzes gegen Ahren- und Korninfektion durch Pilze des Stammes Fusarium. Die Préparate mit Wirkstoffen aus der DMI Fungizid
Gruppe (Inhibition der Demethylation von Sterolen) gehéren zu den effektivsten Fungiziden, jedoch ist notwendig der Ansatztermin (Zeit-
raum der maximalen Infektionsgefahr) festzulegen. Der gezielte Schutz gegen die Korn Fusariosen wird es nicht durchgeflihrt (man un-
terscheidet den Ahren- oder Kornbefall nicht und auch aus den hygienischen Griinden), trotzdem dass die Infektion des Kornes durch
Fusarien auch spéter (nach der Blitezeit) stattfinden kann. Die exakte Korrelation zwischen dem Auftreten von Fusarien und der My-
kotoxinproduktion ist nicht bekannt, sowie das Mechanismus der Fungizidwirkung auf die Mykotoxinproduktion. Die gegensétzlichen In-
formationen bestatigen Kompliziertheit des Problems, die die Uberzeugung iiber Notwendigkeit alle Schutzmassnahmen, d.h. von der
ab Vorpflanze, Ackerbau, Agrotechnik, Resistentensorten bis zum chemischen Schutz, zeitlichen Ernte und Kornlagerung komplex durch-
zufUhren, bestarken.

Kliéova slova: jecmen, zrno, mykotoxiny, Fusarium

1 UVOD

Kvalita sladovnického je€mene je vyrazné ovliviiovana agroenvi-
ronmentalnimi faktory, které plsobi i na slozeni populace mikrofléry
zrn a intenzitu napadeni. Zrna bez populaci mikroorganismi se ob-
jevuji zcela vyjime€né. Mezi vyznamné patogeny zrna je€mene,
a soucasné i producenty mykotoxind, patii napf. druhy rodu Fusa-
rium, Alternaria, Aspergillus, Penicillium aj., z nichz nékteré druhy
jsou schopny v prabéhu sladovani zvySovat svoji ¢etnost i aktivitu.
Zvysena pozornost je vénovana predevsim druhlm r. Fusarium, po-
dilejicim se na snizeni vynosu a kvality zrna [1]. Pfi epidemickém vy-
skytu fusarii byly zaznamenany az 40% ztraty na vynosu [2]. Pfi sla-
bém infekénim tlaku fusarii nebo infekcich vyvolanych méné
agresivnimi druhy se sice nevyskytuji typické symptomy rizovéni

Keywords: barley, yield, mycotoxins, Fusarium

1 INTRODUCTION

The quality of malting barley is markedly affected by agro-envi-
ronmental factors that influence also the composition of seed mi-
croflora population and intensity of infestation. Seeds free of micro-
bial populations appear very rarely. Important pathogens of barley
seed, which at the same time produce mycotoxins, are species of the
genera Fusarium, Alternaria, Aspergillus, Penicillium and others;
some of them are able to increase both their counts and activity in
the course of the investigation. Attention is focused mostly on species
of the genus Fusarium, which play a part in lowering seed yields and
quality [1]. Epidemic occurrence of fusaria was noted to cause as
much as 40% yield losses [2]. Though mild fusaria infections or in-
fections caused by less aggressive species do not bring about the
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klast jeémene, avSak dochazi ke zhoreni kvality. Na rliZzovéni klas(
je€mene se muze podilet az 17 druht fusarii [3, 4], pficemz nejvétsi
pozornost je vénovana Fusarium graminearum, F. culmorum, F. ave-
naceum a F. poae [5,6].

2 METODIKA

Vyskyt mikroskopickych hub na zrnu jeémene byl sledovan na plu-
chatych sladovnickych odridach je¢mene jarniho — Amulet, Bojos,
Jersey, Malz, Prestige, Sebastian, Tolar, bezpluché odridé Merlin
a bezpluchych liniich KM 1057, KM 1910, KM 2084, KM 2283 na lo-
kalitach Zabgice (2005, 2007 a 2008) a Kromé&fiz (2005, 2006, 2007,
2008) u variant fungicidy neoSetfenych a nehnojenych mineralnimi
hnojivy (N) a variant oSetfenych fungicidy proti houbovym chorobam
a hnojenych mineralnimi hnojivy (O).

K vyhodnoceni mikrofléry zrn je€mene bylo z 1 kg sklizhovych
vzorkd odebrano 2 x 50 zrn (varianta se zrny povrchové desinfiko-
vanymi — 5% chlornan sodny, 3 min, oplachnuta sterilni destilovanou
vodou a nedesinfikovanymi). Do Petriho misek (PM, @ 90 mm) s
bramboro-dextr6zovym agarem (PDA) bylo umisténo 10 zrn v péti
opakovanich. PM byly umistény v laboratofi pfi stfidani svétla a tmy
(12/12 hod) a teploté 20-23 °C. Identifikace patogenl byla prova-
déna 4. a 7. den dle klicd Watanabe [24], Gravesen et al. [25] a Sam-
son et al. [26]. Pro zjisténi pfitomnosti fusarii byla pouzita metoda ro-
1ad. K péstovani Cistych kultur fusarii byly pouzity ptidy PDA, MA (Malt
agar) a Komadovo medium. K determinaci fusarii byly pouzity klice
Booth [27] a Gerlach, Nierenberg [28]. Pokud nedoslo k vytvoreni or-
ganl nezbytnych pro identifikaci patogenu, bylo sterilni mycelium pre-
ockovano na zivné pudy (PDA, MA) a umisténo pod UV lampy.

3 VYSLEDKY A DISKUSE

Ze zrna sladovnickych odriid je€mene jarniho byly izolovany a iden-
tifikovany parazitické i saprofytické mikroorganismy — kvasinky, bak-
terie a vlaknité houby (fab.1a 2, obr. 1a 2).V r. 2005 bylo izolovano
5573 patogen(, z nichz 40,64 % z povrchové desinfikovanych zrn
a 59,36 % z povrchové nedesinfikovanych. Vétsinu patogent tvorily
houby (f. Fungi), podil bakterii a kvasinek byl velmi nizky
(0,47-3,41 %), coz se shoduje s Udaji uvadénymi i jinymi autory, napf.
Van Nierop et al. [7] uvadéji 1-0,1% podil bakterii a kvasinek na cel-
kové mikrofléfe zrna.

Pfi mikroskopické analyze byly identifikovany patogeny z 15 rodd
(23 druht hub). Nej¢astéji izolovanymi druhy byly houby rodu Alter-
naria (2488x) a Fusarium (1192x), Cladosporium (254x) a Trichot-
hecium roseum (191x). Zaznamenany byly i saprofytické druhy r. Mu-
cor, Penicillium a Trichohecium, které mohou vyrazné snizit kvalitu
zrna, pokud je uskladnéno v nevhodném prostredi.

K infekci zrna houbami r. Aspergillus a Penicillium dochazi béhem
vegetace, sklizné a po sklizni, pfi¢emz zpusob a podminky béhem
sklizné, transportu a uskladnéni determinuji stupen osidleni. Druhy
r. Aspergillus jsou schopny se pfizpusobit podminkam bez volné vody
a mohou se rozrlstat i pfi niz8i vzdusné vihkosti 70 % [8]. V nasich
vzorcich osidlenitémito houbami nepfesahlo 1 % (max. 0,63 %). Mno-
hem ¢&astéji se vyskytuje Penicillium spp., jehoz pfitomnost na zrnu
jeémene nezdvisi na geografické oblasti, ale limitujicimi faktory jsou
zpUsob péstovani a zplsob uskladnéni, kvalita a vlhkost zrna (vy$si
vlhkost, nizSi teplota). Obecné uvadény predpoklad, Zze vihké pocasi
pfed sklizni podporuje osidleni zrn skladistnimi patogeny, vyvraceji
Tuite a Christensen [9], ktefi na povrchoveé sterilizovanych zrnech jec-
mene sbiranych na poli béhem vihké a destivé sezony nenalezli skla-
distni patogeny. Sauer et al. [29] potvrzuji, Ze houby, zplsobujici po-
Skozeni zrna ve skladech, vyznamné neosidluji zrno pfed sklizni.
V naSem pfipadé kontaminace sledovanych vzork( zrna jeémene
druhy r. Penicillium nepfesahla 6,5 %.

Podobné jako Penicillium spp. mohou infikovat zrna s vy$Si vihkosti
pfed nebo béhem uskladnéni také druhy rodu Rhizopus a Mucor.
Kontaminace zrn druhy r. Rhizopus nedosahla ani 0,5 % ze vSech
izolovanych patogenu. Z celkového poctu izolata (5573) byly druhy
r. Mucor ziskany pouze 87x, z nichz 80 % se vyskytovalo na povr-
chové nedesinfikovanych zrnech.

PFitomnost fusarii na zrnu jeémene byla zaznamenana u 24,14 %
vzork( (796x) zrn povrchové nedesinfikovanych, u desinfikovanych
17,33 % (382x). ZvySena pozornost byla vénovana producentdim my-
kotoxinud, zejména houbam rodu Fusarium, nejcastéji F. culmorum,
F. avenaceum a F. graminearum. V naSich pokusech bylo nejcastéji
izolovanym druhem F. culmorum (46 % a 30 %). Hysek et al. [10] uva-

typical symptoms of ear blight, they bring about a lowering of qual-
ity. Up to 17 fusaria species can take part in barley ear blight [3,4],
in particular Fusarium graminearum, F. culmorum, F. avenaceum and
F. poae [5,6].

2 METHODS

The occurrence of microscopic fungi on barley seeds was studied
in hulled malting varieties of spring barley — Amulet, Bojos, Jersey,
Malz, Prestige, Sebastian, and Tolar, the hull-less variety Merlin and
in hull-less lines KM 1057, KM 1910, KM 2084, KM 2283 in localities
Zabgice (2005, 2007 and 2008) and Kromé&Fiz (2005, 2006, 2007,
2008). One group of variants was untreated with fungicides and with
mineral fertilizers (N), and another was treated with fungicides and
with mineral fertilizers (O).

To evaluate the microflora of barley seeds, 2x50 seeds were col-
lected from 1 kg of harvest samples of non-disinfected variants and
of variants with surface-disinfected seeds (5% sodium hypochlorite,
3 min., rinsing with sterile distilled water). Ten seeds in five repeti-
tions were placed in Petri dishes (PD, @ 90 mm) with potato-dextrose
agar (PDA). The PM were placed in a laboratory with a 12/12 hours
light/dark regime at 20-23 °C. Identification of the pathogens was
carried out on days 4 and 7 according to the keys published by Watan-
abe [24], Gravesen et al. [25], and Samson et al. [26]. The presence
of fusaria was detected by the paper roll test. Pure cultures of fusaria
were cultivated on PDA, MA (Malt agar) and Komada media. Deter-
mination of fusaria was based on the keys by Booth [27], and Ger-
lach, Nierenberg [28]. When the organs necessary for pathogen iden-
tification did not appear the sterile mycelium was transferred on
a nutrient medium (PDA, MA) and placed under UV lamps.

3 RESULTS AND DISCUSSION

Both parasitic and saprophytic microorganisms — yeast, bacteria
and filamentous fungi — were isolated and identified on the seeds of
malting varieties of spring barley (Tab.1and 2, Fig. 1 and 2). The num-
ber of pathogens isolated in 2005 was 5,573 out of which 40.64 %
were collected from surface disinfected seeds and 59.36 % from un-
disinfected ones. Most pathogens were fungi (Fungi), the proportion
of bacteria and yeast being very low (0.47-3.41 %) in agreement with
the data published by other authors; for instance, according to Van
Nierop et al. [7] the proportion of bacteria and yeast in total seed mi-
croflora is 1-0.1 %.

Microscopic analysis identified pathogens from 15 genera (23 fun-
gal species). The most frequent were genera Alternaria (2488x) and
Fusarium (1192x), Cladosporium (254x), and Trichothecium roseum
(191x). Saprophytic species of the genera Mucor, Penicillium and Tri-
chothecium were also recorded; they can markedly lower the seed
quality when stored in an unsuitable environment. The seeds are in-
fected by Aspergillus and Penicillium fungi during vegetation, harvest
and after harvest, the manner of harvest and conditions during it, dur-
ing transport and storage determining the degree of colonization.
Species of Aspergillus can adjust to conditions without free water and
can grow even at lower atmospheric moisture levels of 70 % [8]. In
our samples, colonization by these fungi did not exceed 1 % (a max-
imum of 0.63 %). Penicillium spp. is much more frequent and its pres-
ence on barley seeds is independent of geographical region. The lim-
iting factors, however, are the manner of cultivation and storage, seed
quality and moisture level (higher moisture, lower temperature). The
commonly accepted assumption that wet weather before harvest aids
in seed colonization by store-room pathogens has been disproved by
Tuite and Christensen [9] who did not find any store-room pathogens
on surface-sterilized barley seeds collected in the field during a wet
and rainy season. Sauer et al. [29] confirmed that the fungi causing
seed damage during storage do not significantly colonize the seeds
before harvest. In our samples, the contamination of barley seeds by
species of Penicillium did not exceed 6.5 %.

Similarly to Penicillium spp. the seeds with higher moisture levels
before or during storage can be infected by species of the genera
Rhizopus and Mucor. Contamination by Rhizopus species did not at-
tain 0.5 % of all isolated pathogens. Species of Mucor were recorded
only 87 times out of the total of 5573 isolates, 80 % of them being
found on surface undisinfected seeds.

The presence of fusaria on barley seeds was recorded in 24.14 %
of samples (796x) of seeds that were not surface disinfected and in
17.33 % (382x) of disinfected ones. Our attention was focused on
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da&ji jako nejcastéji izolované druhy r. Fusarium v Ceské republice F.
culmorum (70 %) a F. poae (20 %). NejCasté&jsi vyskyt Fusarium cul-
morum na obilkach je€mene zaznamenal i Richardson [12]. Jako dalSi
druhy uvadeéji F. graminearum, F. moniliforme, M. nivale a F. poae.
V nasem sledovani bylo infikovano F. poae jen 7 % povrchové ne-
desinfikovanych zrn, resp. 2 % desinfikovanych zrn z celkového po-
¢tu fusarii. Naopak bylo zaznamenano vy$si zastoupeni F. gramine-
aruma F. avenaceum. Vétsina druh( hub, véetné fusarii, infikuje klasy
a zrno jiz na poli. Zastoupeni jednotlivych druh fusarii z polnich in-
fekci se dle jednotlivych autor(i lisi. Zatimco Richardson [12] uvadi
jako nejcastéji izolované druhy F. culmorum, F. moniliforme a F. ni-
vale, Salas et al. [13] F. graminearum, F. poae, F. avenaceum a F. spo-
rotrichoides.V severni ¢asti Evropy pfevazuji druhy F. avenaceum, F.
culmorum a F. poae a F. tricinctum [3,14], v jiznich oblastech F. gra-
minearum a F. moniliforme [30]. Fusariézy klasti byly zaznamenany
ve vSech oblastech péstovani obilnin, napf. v Rusku [15], Indii [16],
Mexiku [17], Polsku [18], Ceské republice [10].

Pfi hodnoceni napadeni zrn jeémene houbami r. Fusarium na PDA
byly stévajici varianty rozsiteny o dalsi dvé, tj. zrna povrchové desin-
fikovana a nedesinfikovana. Pfi srovnani po¢tu zrn napadenych fu-
sarii z neoSetfenych nedesinfikovanych variant z obou lokalit byl zjis-
tén statisticky prikazny rozdil (vy$8i napadeni Zabgice); mezi
povrchové desinfikovanymi variantami nebyl prikazny rozdil. Ne-
jméné byla napadena odrida KM 2084, nejvice Malz a Prestige. Mezi
chemicky neoSetfenymi a povrchové desinfikovanymi variantami
obou lokalit nebyl zjistén statisticky prakazny rozdil. Na lokalité Zab-
Cice bylo prukazné vy$Si napadeni F. avenaceum a F. poae, na loka-
lité¢ Kroméfiz F. culmorum.

PFi hodnoceni poétu zrn napadenych fusarii z povrchové nedesin-
fikovanych zrn z chemicky oSetfenych a neoSetfenych variant na lo-
kalité Zabgice byl zjitén statisticky prikazny rozdil, pfiemz se pro-
jevilo vy§Si napadeni zrn F. culmorum u chemicky oSetfenych variant
a u neoSetfené varianty F. avenaceum. Nejvice byla napadena od-
riida Tolar, nejméné KM 1910. V po¢tu napadenych zrn nebyl zjistén
mezi odriidami statisticky priikazny rozdil. P¥i sledovani vyskytu jed-
notlivych druh r. Fusarium byl stanoven statisticky priikazny rozdil
mezi F. avenaceum a ostatnimi druhy fusarii, pfiéemz nejméné byly
napadeny odriidy KM 1910, KM 2283, KM 2284, Bojos a Jersey, nej-
vice odrlida Sebastian.V roce 2005 bylo priimérné napadeni zrn jec¢-
mene jarniho fusarii nizké. Napadeni zrn jeCmene fusarii je celosvé-
tovy problém, ktery kromé vynosovych a kvalitativnich ztrat nese
i nebezpeci vyskytu mykotoxini. Moss a Frank [19] uvadéji pfi niz-
kych koncentracich fungicidu zrychleni ristu mycelia a snizeni pro-
dukce mykotoxintl, naopak pfi vy$sich davkach fungicidu zpomaleni
rlstu mycelia a zvySeni produkce mykotoxinG. Fungicidy mohou pu-
sobit jako stresovy faktor stimulujici produkci mykotoxinu jako obran-
nou reakci fusarii, aplikace fungicidu mize obsah mykotoxinu v zr-
nech i zvysit [31].

V roce 2006 byly zpracovany vzorky 12 odrud jarniho je€mene z lo-
kality Kromé&Fiz, z lokality Zabgice se vzhledem k nepFiznivym klima-
tickym podminkach nepodafilo vzorky zajistit a byly nahrazeny vzorky
z lokality Uhersky Ostroh a BraniSovice.

V laboratornich podminkach bylo ze vzork( zrn izolovano a iden-
tifikovano 5453 patogen(, z nichZ bylo 29,79 % ze zrn povrchové
desinfikovanych, 70,39 % z povrchoveé nedesinfikovanych. Stejné jako
v pfedchozim roce kontaminace zrna jeémene bakteriemi a kvasin-
kami byla velmi nizka a nepfeséhla 2,5 % (max. 2,42 %). Zastoupeni
jednotlivych druhll i etnost patogenl na zrnu z rdznych lokalit se li-
Sily.

Celkem bylo identifikovano 34 patogen( (rodl a druht), nejcastéji
izolovanymi druhy byly houby z rodu Alternaria (1997x) a Cladospo-
rium (1149x), druhy Cochliobolus sativus (737x) a Rhizopus niger
(290x).

Prirozené infekce je¢mene fusarii byly slabé (celkem 247 izolata),
pficemz vyS8Si pocet izolatl pochazel z variant neoSetfenych fungi-
cidy a zrn povrchové nesterilizovanych. Nej¢astgji byly izolovany F
culmorum a F. graminearum. Nejvyssi vyskyt fusarii byl zaznamenan
na lokalité BraniSovice (F. culmorum, F. graminearum a F. poae). Nej-
Castéji izolovanym druhem bylo F. graminearum a napadena odrlida
Sebastian. Naopak linie KM 1910 nebyla fusarii napadena, av$ak
mezi odrldami nebyl zjistén statisticky prikazny rozdil v po¢tu na-
padenych zrn.

Porovnavanim mykofléry ze vzorkd z fungicidy oSetfenych lokalit
bylo zjisténo vyssi zastoupeni F. culmorum na povrchové desinfiko-
vanych zrnech.

Pfirozené infekce sladovnickych odr(id a linii jeémene jarniho byly
i v roce 2007 velmi slabé. Pfi hodnoceni metodou rolad na lokalité

Kromé¥iz byla pfitomnost fusarii zaznamenana u sedmi odrdd a linii

mycotoxin producers, especially on fungi of the genus Fusarium, in
particular F. culmorum, F. avenaceum and F. graminearum. The
species most often isolated in our experiments was F. culmorum (46
% and 30 %). Hysek et al. [10] reported on F. culmorum (70 %) and
F. poae (20 %) as the Fusarium species most often isolated in the
Czech Republic and Richardson [12] also recorded F. culmorum as
the most frequent contaminant of barley seeds, and named F. gramin-
earum, F. moniliforme, M. nivale and F. poae as other species. In our
study, only 7 % of undisinfected seeds and 2 % of surface disinfected
ones out of the total number of fusaria were infected by F. poae
whereas F. graminearum and F. avenaceum were present in higher
proportions. Most fungal species including fusaria infect the ears and
seeds already in the field. Different authors report on different pro-
portions of individual species of fusaria in field infections. While
Richardson [12] gave as the most frequent species F. culmorum, F.
moniliforme a F. nivale, Salas et al. [13] found as the most frequent
F. graminearum, F. poae, F. avenaceum and F. sporotrichoides. The
prevalent species in northern Europe are F. avenaceum, F. culmo-
rum, and F. poae and F. tricinctum [3,14], in southern regions F.
graminearum and F. moniliforme [30] are most frequent. Ear fusar-
ioses have been noted in all regions where cereals are grown, e.g.
in Russia [15], India [16], Mexico [17], Poland [18] and in Czech Re-
public [10].

When evaluating the infection of barley seeds by Fusarium fungi
on PDA the existing variants were extended by another two, i.e. sur-
face disinfected and non-disinfected seeds. Comparison of the num-
ber of infected seeds in the two localities under study showed a sta-
tistically significantly higher infection in Zab&ice while no difference
was found between surface disinfected variants. The least infection
was found in the KM 2084 variety, the strongest in Malz and Pres-
tige. No statistically significant difference was revealed between un-
treated and surface disinfected variants from both localities. The lo-
cality Zabgice displayed a significantly higher infection with F
avenaceum and F. poae, the locality Kroméfiz showed a prevalence
of F. culmorum.

A significant difference between the chemically treated and un-
treated variants was found in the number of fusaria-infected non-dis-
infected seeds in locality Zabgice. The chemically treated variants
were infected in a higher degree by F. culmorum, the untreated vari-
ants by F. avenaceum. The strongest infection was found in variety
Tolar, the weakest in KM 1910. No statistically significant difference
was found between the varieties in the number of infected seeds.
When examining the occurrence of individual Fusarium species, a sig-
nificant difference was revealed between F. avenaceum and other
species, the least infected being the varieties KM 1910, KM 2283, KM
2284, Bojos and Jersey, the most infected being the variety Sebas-
tian. The average level of infection of spring barley seeds in 2005 was
low. Fusarioses of barley are a world-wide problem causing not only
yield and quality losses but entailing also the risk of occurrence of
mycotoxins. Moss and Frank [19] observed an acceleration of mycelial
growth and lowering of mycotoxin production at low fungicide levels,
high fungicide doses causing slowing down of mycelial growth and
increase in mycotoxin production. Fungicides can act as a stress fac-
tor stimulating the production of mycotoxins as a defense reaction of
the fusaria; hence the application of fungicides can in fact increase
the content of mycotoxins in the seeds [31].

Samples of 12 spring barley varieties were studied in locality
Kromé¥iz in 2006; no samples were collected from locality Zabgice
owing to unfavorable climatic conditions, and were replaced by sam-
ples from localities Uhersky Ostroh and BraniSovice. A total of 5,453
pathogens were isolated and identified in the samples in the labora-
tory; 29.79 % of them arrived from surface disinfected seeds, 70.39
% from non-disinfected ones. Like in 2005 the bacterial and yeast
contamination was very low and did not exceed 2.5 % (a maximum
of 2.42 %). The proportions of individual species and the numbers of
pathogens on seeds from different localities differed. Altogether 34
species and genera of pathogens were identified, the most frequent
being fungi from the genera Alternaria (1,997 times) and Cladospo-
rium (1,149 times), and the species Cochliobolus sativus (737x) and
Rhizopus niger (290 times).

Natural fusarioses were mild (a total of 247 isolates) and a higher
number of isolates arrived from variants untreated by fungicides and
from unsterilized seeds. The most frequent were F. culmorum and F.
graminearum. The highest occurrence of fusaria was found in local-
ity BraniSovice (F. culmorum, F. graminearum a F. poae). The most
often isolated species was F. graminearum, the most infected variety
was Sebastian. On the other hand, the variety KM 1910 was not in-
fected; however, no statistically significant difference was found be-
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Tab. 1 Vyskyt patogentl na zrnu sladovnickych odrid a linii jeémene jarniho v letech 2005, 2007 a 2008 na lokalité Zabgice / Occurrence of
pathogens on the seeds of malting varieties and lines of spring barley in locality Zabcice in 2005, 2007 and 2008

Zabéice 2005, 2007 a 2008
fungicidy osetreno / treated with fungicides fungicidy neosetreno / no fungicide treatment
Patogen / Pathogen nedesinfikovano / desinfikovano / nedesinfikovano / desinfikovano /
undisinfected disinfected undisinfected disinfected

2005 | 2007 | 2008 | 2005 | 2007 | 2008 | 2005 | 2007 | 2008 | 2005 | 2007 | 2008
Acremoniella sp. 2 0 0 0 0 0 0 0 0 1 0 0
Alternaria sp. 10 0 0 8 1 0 7 0 0 20 0 0
Alternaria tenuis 430 371 326 273 282 128 443 320 356 294 273 118
Alternaria tenuissima 3 0 54 1 0 131 10 0 87 18 0 125
Aspergillus niger 3 7 18 9 2 5 0 17 17 1 0 3
Aureobasidium pullulans 30 0 0 17 4 0 30 30 0 34 0 0
Bipolaris sorokiniana 62 21 3 46 29 8 10 13 8 16 19 6
Botrytis cinerea 0 0 0 1 0 2 7 0 1 5 0 0
Cladosporium cladosporioides 2 13 21 1 6 11 4 4 43 2 2 28
Cladosporium herbarum 14 277 321 25 73 52 7 352 320 5 73 32
Drechslera graminea 0 0 0 0 8 2 0 3 1 0 0 2
Drechslera teres 0 0 12 0 0 21 0 0 7 0 0 9
Epicoccum nigrum 14 8 1 7 0 0 7 3 0 5 0 1
Fusarium avenaceum 108 10 0 39 13 3 57 7 33 48 11 32
Fusarium culmorum 63 11 2 20 7 0 175 4 1 42 13 0
Fusarium graminearum 86 12 10 34 20 10 103 14 9 91 11 14
Fusarium poae 4 3 3 5 1 13 8 1 3 21 0 9
Fusarium sp. 5 2 0 8 0 15 7 0 1 4 0 6
Gonatobotryum fuscum 0 0 0 1 0 2 0 0 0 4 0 1
Humicola sp. 0 3 0 0 7 0 0 0 0 0 7 0
Mucor hiemalis 4 0 0 1 0 0 11 0 0 9 0 0
Mucor mucedo 0 0 2 0 2 0 0 3 5 0 0 0
Nigrospora sphaerica 0 0 1 0 0 19 0 18 12 0 0 28
Penicillium sp. 77 26 65 58 0 6 78 65 56 64 0 1
Rhizopus niger 0 107 43 0 18 7 0 96 36 0 51 4
Rhizopus stolonifer 14 0 0 3 0 0 4 0 0 6 0 0
Rhodococcus sp. 0 0 0 1 0 0 13 0 0 0 0 0
Trichoderma harzianum 0 0 0 5 0 0 0 0 0 0 0 0
Trichoderma sp. 9 0 0 0 0 0 0 0 0 0 0 0
Trichoderma viridae 15 0 0 7 0 0 0 0 0 0 0 0
Trichothecium roseum 31 0 45 7 0 0 48 7 79 11 0 0
Sterilni hyfy / Sterile hyphae 0 0 6 0 0 0 2 0 0 0 0 0
Bakterie / Bacteria 107 8 0 50 32 0 52 2 0 60 12 0
Kvasinky / Yeast 0 152 155 0 3 39 0 164 172 0 15 32
Celkem / Total 1093 | 1031 1088 627 508 474 1083 | 1123 | 1247 761 487 451
CELKEM / TOTAL 9973

neos$etfenych variant, a to Merlin (3 %), Prestige (1 %), Amulet, Jer-
sey, Sebastian, Tolar a KM 2084 (0,6 %) a KM 2283 (1 %). Jeste
slabsi vyskyt byl zaznamenan na lokalité Zabcice, kde napadeni zrn
nepresahlo 2 %. Napadeni nebylo zjisténo u neo$etrenych odriid Bo-
jos, Jersey, Malz a Tolar a linif KM 1910 a KM 2283. U oSetfenych
odrtd byl nejvy8si vyskyt zaznamenan u odridy Sebastian (2 %)
a Prestige (1,6 %). U ostatnich odrld (Bojos, Jersey, Malz, Tolar) na-
padeninepfesahlo 0,6 %, Amulet a bezpluché linie napadeny nebyly.
Vzhledem k velmi slabému vyskytu fusarii nebylo provedeno statis-
tické vyhodnoceni. Nizka prikaznost byla zplsobena velmi slabym
napadenim zrn houbami r. Fusarium a také zna¢nym rozptylem po-
¢tu napadenych semen v jednotlivych opakovanich.

PFirozeny vyskyt fusarii v klasech v poslednich letech je velmi slaby
a jednim z hlavnich davodu jsou nevhodné podminky pro vznik in-
fekce béhem kveteni. Vysledky z roladového testu potvrdilo i stano-
veni mykofléry zrn jemene jarniho na zivné pldé. Pfi statistickém
vyhodnoceni celkového napadeni fusarii povrchové desinfikovanych
zrn u chemicky neoSetfenych variant nebyl zjistén statisticky vy-
znamny rozdil mezi lokalitami KroméFiz a Zabéice. Linie KM 2283 vy-
kazala oproti odridam Malz, Tolar a Jersey statisticky vyznamné nizsi

tween the varieties in the number of infected seeds. Comparison of
mycoflora in samples from fungicide-treated localities showed
a higher proportion of F. culmorum on surface- disinfected seeds.

In 2007, the natural infections of malting varieties and lines of spring
barley were also very weak. In locality Kromé&¥iz, evaluation by the
paper roll test showed the presence of fusaria in seven untreated
variants of the varieties and lines Merlin (3 %), Prestige (1 %), Amulet,
Jersey, Sebastian, Tolar and KM 2084 (0.6 %), and KM 2283 (1 %).
The locality Zab¢ice displayed a still weaker infection, with seed con-
tamination below 2 %. No infection was found in untreated varieties
Bojos, Jersey, Malz and Tolar, and lines KM 1910 and KM 2283.
Among treated varieties, the strongest infection was in Sebastian
(2 %) and Prestige (1.6 %) while the infection of Bojos, Jersey, Malz
and Tolar did not exceed 0.6 %, and Amulet and hull-less lines were
not infected. No statistical evaluation was performed in view of the
low occurrence of fusaria. The low significance was caused by very
weak Fusarium infections and a considerable scatter in the numbers
of infected seeds in individual repetitions.

The natural occurrence of fusaria in ears in recent years has been
very weak, mainly due to unsuitable conditions for infection during
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Tab. 2 Vyskyt patogenl na zrnu sladovnickych odrdd a linii jeémene jarniho v letech 2005-2008 na lokalité Kromé¥iz / Occurrence of pat-

hogens on the seeds of malting varieties and lines of spring barley in locality Kromériz in 2005-2008

Kromériz 2005, 2006, 2007, 2008
Patogen / Pathogen fungicidy neosetreno / no fungicide treatment
nedesinfikovano / undisinfected desinfikovano / disinfected

2005 2006 2007 2008 2005 2006 2007 2008
Alternaria tenuis 459 250 466 256 391 118 232 55
Alternaria tenuissima 2 0 0 71 1 0 0 239
Alternaria sp. 48 1 1 1 30 7 0 0
Aspergillus niger 13 21 14 11 5 2 1 0
Aspergillus ochraceus 6 8 0 0 1 2 0 0
Aspergillus sp. 0 0 0 0 6 0 0 0
Aureobasidium pullulans 30 10 32 0 11 16 4 0
Botrytis cinerea 10 16 1 0 13 0 0 0
Cladosporium cladosporioides 24 30 0 93 16 35 9 89
Cladosporium herbarum 61 182 314 251 93 36 44 47
Cochliobolus sativus 35 174 113 5 12 100 52 16
Drechslera graminea 0 5 32 0 0 0 1 1
Epicoccum nigrum Link 9 2 11 1 9 2 0 0
Fusarium avenaceum 15 4 22 53 1 9 4 11
Fusarium culmorum 129 3 26 6 53 8 9 4
Fusarium graminearum 30 11 36 12 12 13 18 5
Fusarium poae 2 0 3 1 0 0 1 2
Fusarium sp. 7 0 0 0 4 5 0 0
Gonatobotryum fuscum 18 0 15 6 15 0 0 0
Geotrichum sp. 0 0 0 0 0 0 0 1
Mucor mucedo 5 0 16 6 3 2 1 0
Mucor dimorphosporus 0 0 0 0 0 2 0 0
Mucor pumila 0 0 0 0 0 2 0 0
Mucor hiemalis 6 0 0 0 1 0 0 0
Nigrospora sp. 0 0 20 3 0 0 0 15
Penicillium 60 25 71 40 37 6 0 1
Pyrenophora teres 0 28 0 30 0 17 0 36
Rhizopus niger 24 144 1 49 13 33 75 7
Rhizopus stolonifer 0 0 0 0 5 0 0 0
Trichothecium roseum 58 11 53 10 36 2 1 0
Ulocladium sp. 0 0 0 0 0 0 2 0
sterilni mycelium / sterile mycelium 0 0 0 0 0 0 1 0
Bakterie / Bacteria 19 11 23 0 16 0 0 3
Kvasinky / Yeast 44 2 100 219 29 12 12 38
celkem / total 1114 938 1371 1126 813 433 466 570
CELKEM / TOTAL 6831

celkové napadeni fusarii. Malz vykazal nejvy$si napadeni (pramér
1,2), coz bylo statisticky vyznamné vice oproti odriiddm Prestige
a Merlin a liniim KM 2084, KM 1910, KM 1057 a KM 2283. Skupina
odrlid Malz, Tolar, Jersey, Bojos, Sebastian a Amulet (s napadenim
1,2-0,6) tvofily homogenni skupinu, rozdily v napadeni na zvolené
hladiné vyznamnosti nebyly mezi nimi prokdzany. Statisticky vy-
znamné rozdily v napadeni fusarii byly zjistény pfi srovnani variant
chemicky neoSetfenych a zrn povrchové nedesinfikovanych z lokalit
Kroméfiz a Zabcice. Statisticky vy$si napadeni fusarii bylo prokazano
na lokalité Kroméfiz. Na lokalité Zabcice nebyl zjistén statisticky vy-
znamny rozdil mezi odrddami u chemicky neoSetfenych i oSetfenych
variant s povrchové nedesinfikovanymi a desinfikovanymi zrny.

V r. 2008 bylo izolovano z obou lokalit 4957 patogent. Na lokalité
Kroméfiz se vyskytovala pouze varianta fungicidné neoSetfena
(34,24 % z celkového poctu izolovanych mikrorganismu), na lokalité
Zabgice varianty fungicidngé oSetfené a neoSetfené (65,76 %).
| v tomto roce bylo z velmi slabych pfirozenych infekci houbami r. Fu-
sarium ziskano pouze 258 izolatd. Na obou lokalitach byly nej¢astéji
izolovany druhy F. avenaceum (132x) a F. graminearum (60x). Ze za-
stupcl saprofytické mikrofléry pak druhy rodu Alternaria a Clado-
sporium. Zaznamenan byl i vy88i podil kvasinek, které tvofily

flowering. The data obtained by the paper roll test were confirmed by
determination of mycoflora on spring barley seeds on nutrient me-
dia. No statistically significant difference the overall infection of sur-
face disinfected seeds in chemically untreated variants was found be-
tween the localities Kromé&Fiz and Zabgice. Line KM 2283 exhibited
significantly lower overall fusarium infection than varieties Malz, To-
lar and Jersey. Malz showed significantly higher infection intensity
(average of 1.2) relative to Prestige and Merlin, and lines KM
2084, KM 1910, KM 1057 and KM 2283. The varieties Malz, Tolar,
Jersey, Bojos, Sebastian and Amulet (infection of 1.2—0.6) formed
a homogeneous group with insignificant differences in infection in-
tensity. Significant differences in fusaria infection were found between
chemically untreated and surface non-disinfected seeds from locali-
ties Kroméfiz and Zabgice. Significantly higher infection intensity was
found in Kromé&fiz. No statistically significant differences between va-
rieties in chemically untreated and treated variants with surface un-
disinfected and disinfected seeds were found in Zabgice.

A total of 4,957 pathogens were isolated from both localities in
2008. Locality Kroméfiz contained only the variant untreated with
fungicides (34.24 % of the total number of isolated microorganisms)
while locality Zabgice provided both fungicide-treated and —untreated
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Obr. 1 Cetnost izolatd jednotlivych druhd fusarii na lokalité Kroméfiz
v letech 2005-8 / Fig. 1 Frequency of isolates of individual fusaria

species in locality Kroméeriz in 2005-8

Obr. 2 Cetnost izolatll jednotlivych druh fusarii na lokalité Zabgice
v letech 2005, 2007 a 2008 / Fig. 2 Frequency of isolates of indivi-
dual fusaria species in locality Zabcice in 2005, 2007 and 2008
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0,69-4,42 % z celkové mikroflory. Vzhledem k velmi slabému pfiro-
zenému vyskytu fusarii nebylo provedeno statistické vyhodnoceni.

Vysledky nasSich sledovani koresponduji s vysledky autor( zaby-
vajicich se mykoflérou zrn jeémene [20,21,22]. Aktas [23] zazname-
nal na zrnu jeémene 23 druhd hub, pfiéemz nejcastéji izolovanym
druhem byla Alternaria alternata. Young a Loughman [11] identifiko-
vali 19 druhd hub na zrnu jeémene s 84% zastoupenim A. alternata,
Casto se vyskytovaly A. infectoria, Stemphylium botryosum, Ulocla-
dium atrum a U. chartatum. Vyjimecné byly detekovany houby rodu
Fusarium, Aspergillus a Cladosporium. Fakhrunnisa et al. [20] uvadi
17 druhl z 11 rodu izolovanych ze 14 vzorkd je€émene s nejcastéji
izolovanym druhem Alternaria alternata a zastupci rodt Aspergillus,
Cephalosporium a Cladosporium.

4 ZAVER

Pro stanoveni ochrannych opatfeni pro zrno uréené k uskladnéni
je nutné znat zplsob a dobu osidleni jednotlivymi patogeny. Nejvétsi
podil mikroorganismu tvofi houby, s nimiz je ¢asto spojovana kvalita
produkce. Nej¢astgji zaznamenanymi druhy na zrnu je€mene byly
houby r. Alternaria, Cladosporium, Epicoccum, Fusarium, Aspergil-
lus a Penicillium. Sou¢asna fungicidni ochrana neni zarukou dosta-
te¢né ucinné ochrany proti infekci klasli a zrn houbami r. Fusarium.
K nejucginnéjSim fungicidim proti napadeni klast fusarii patfi pfi-
pravky obsahujici u¢inné latky ze skupiny DMI-fungicidu (inhibice de-
methylace sterolll), avSak je tfeba stanovit vhodny termin aplikace,
tj. obdobi maximélniho nebezpedi infekce. Cilena ochrana proti fusa-
riézam zrna se neprovadi (nerozliuje se napadeniklasl a zrn, a také
z hygienickych divodu), i kdyz infekce zrn fusarii mGze nastat i po-
zdéji (po kveteni). Pfesné korelace mezi vyskytem fusarii a produkci
mykotoxinG nejsou znamy, stejné jako mechanismus plsobeni fun-
gicidd na produkci mykotoxinG. Protikladné informace potvrzuji slozi-
tost problému a utvrzuji v pfesvédéeni, ze ochranna opatfenije tfeba
provadét komplexné, tj. od pfedplodiny, orby, agrotechniky, rezistent-
nich odrdd az po chemickou ochranu, véasnou sklizeri a uskladnéni
arody.

Podékovani
Vyzkum byl proveden jako soucast feSeni projektu 1M0570 Vy-
zkumného centra pro studium obsahovych latek je€mene a chmele.
2Zvidstni podékovani patfi Ing. Vaculové (ZVU Kromériz) za po-
skytnuti vzork( osiva odrud a linii jecmene ke stanoveni mikroficry.

variants (65.76 %). The (again very weak) natural Fusarium infec-
tions gave a mere 258 isolates. The most frequent species in both lo-
calities were F. avenaceum (132x) and F. graminearum (60x) and, as
representatives of saprophytic microflora, species of the genera Al-
ternaria and Cladosporium. The proportion of yeast was relatively
high, 0.69-4.42 % of total microflora. No statistical evaluation was
performed in view of the low occurrence of fusaria.

Our results correspond with the data on mycoflora of barley seeds
published [20,21,22]. Aktas [23] recorded 23 fungal species on bar-
ley seeds, the most frequent being Alternaria alternata, while Young
and Loughman [11] identified 19 fungal species with 84% proportion
of A. alternata, frequent occurrence of A. infectoria, Stemphylium
botryosum, Ulocladium atrum and U. chartatum and exceptionally
fungi of genera Fusarium, Aspergillus and Cladosporium. Fakhrun-
nisa et al. [20 found 17 species of 11 genera isolated from 14 barley
samples; the most frequently isolated were Alternaria alternata and
representatives of genera Aspergillus, Cephalosporium a Cladospo-
rium.

4 CONCLUSIONS

To introduce optimum protective measures for seeds destined for
storage it is necessary to know the manner and time of seed colo-
nization by individual pathogens. The highest proportion of coloniz-
ing microorganisms is made up by fungi, which are assumed to af-
fectthe quality of the seed production. The most frequent fungi present
on barley seeds belonged to genera Alternaria, Cladosporium, Epic-
occum, Fusarium, Aspergillus and Penicillium. The currently applied
fungicidal protection is not sufficiently effective against ear and grain
infection by Fusarium fungi. Among fungicides most effective against
fusaria are formulations containing active substances from DMI-fungi-
cide family (inhibition of sterol demethylation); it is, however, neces-
sary to determine the suitable term of application, i.e. the period of
maximum danger of infection. Protection directed only against seed
infection is not done for public health reasons and because no dif-
ference is made between the ear and seed infection, although the
fusaria infection can occur also later, after flowering. The exact cor-
relations between the occurrence of fusaria and production of my-
cotoxins and the mechanisms of action of fungicides on mycotoxin
production are not known. The controversial data attest to the com-
plexity of the problem and point out that protective measures have to
be carried out in a complex manner, covering previous crop, tillage,
agrotechnical measures and resistant varieties to chemical protec-
tion, timely harvest and crop storage.
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