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Obsahy médi v hlavkach se pohybuji do 500 mg/kg, pokud celkova davka aplikované médi nepfesaéhne mnozstvi 15 kg/ha chmelnice.
Obsahy médi na listech, pfi stejné aplikacni davce, jsou zhruba 2 az 5krat vyssi. Aplikace 5 kg médi na hektar chmelnice vzrostiého
porostu odridy Agnus zvysi obsah médi na chmelovych listech min. 0 1000 mg/kg. V hlavkach v obdobi intenzivniho zrani vede stejna
davka medi ke zvySeni o cca 300 mg/kg. Tésne korelace mezi davkou aplikované medi a jejim obsahem ve chmelu vSak neexistuji.
Méd se z listt do sklizenych hlavek dostava ve formé biologickych pfimeési. Casovy pribéh obsahu médi v hlavkach ma sestupny trend,
ktery je dan predevsim postupnym zvétSovanim jejich velikosti béhem zrani. Obdobny trend na listech ukazuje, ze zde hraji roli i po-
vétrnostni vlivy, zejména smyvani, popf. rozpousténi médnatych sloucenin atmosférickymi sraZzkami. Hodnota pfirozeného pozadi ob-
sahu elementarni médi ve chmelu je do 20-25 mg/kg.

Krofta, K. — Jezek, J. — Kudrna, T.: Content of elementary copper in hops after repeated applications of copper fungicides.
Kvasny Prum. 57, 2011, No. 11-12, p. 417-423.

Contents of copper in hop cones are up to 500 mg/kg if total amount of applied copper does not exceed amount the of 15 kg/ha of
a hop garden. Contents of copper on leaves are 2-5 times higher at the same application dose. Application of 5 kg copper per one
hectare of vigorous growth of Agnus variety increases content of copper on hop leaves by 1000 mg/kg at least. The same amout of
copper increases its content in hop cones by 300 mg/kg at the ripening period. Tight correlation between the amount of copper applied
and its content in hops does not exist. Elementary copper from leaves is brought into harvested hops in the form of biological admixtures.
Copper content in hop cones shows decreasing trend, which is given by gradual increase of cones size at the ripening period. Similar
trend on hop leaves shows that washing and dissolving of copper compounds by atmospheric water can participate in this process as
well. Common content of copper in hop cones and leaves is up to 20-25 mg/kg.

Krofta, K. — Jezek, J. — Kudrna, T.: Der Gehalt an Elementar-Kupfer in Hopfen bei wiederholten Anwendungen von kupferhaltigen
Fungiziden. Kvasny Prum. 57, 2011, Nr. 11-12, S. 417-423.

Ist die gesamte angewandte Kupfermasse in den Fungiziden bis zu 15 kg pro Hektar, dann der Gehalt am Kupfer in den Hopfenzapfen
wird maximal 500 mg/kg, der Kupfergehalt in den Blattern schon jedoch 2-5 x héher. Die Anwendung 5 Kg Kupfer pro Hektar des em-
porwachsenden Hopfenbestands der Sorte Agnus erhéht den Kupfergehalt in den Hopfenlauben minimal um 1000 mg/kg. In der Zeit
der intensiven Reifung dieselbe Kupferdosis flihrt zur Erhéhung des Kupfergehalts in den Hopfenzangen etwa um 300 mg/kg. Die engere
Korellationen zwischen der Kupfergabemenge und dem Kupfergehalt in Hopfen jedoch wurden nicht gefunden. Das Kupfer aus den Hop-
fenlauben kommt in den Hopfenzangen in einer Form der biologischen Beimischungen. Der zeitliche Verlauf des Gehalts am Kupfer hat
einen Abwartstrend, der vor allem durch die ihre VergréBerung verursacht wird. Ein &hnlicher Trend hat auch Gehalt am Kupfer in den
Lauben, was zeigt den Wettereinflusss, z.B. Regen oder atmosphérische Niederschldge verursachen Auswaschen, bzw. Auflésung der

kupferhaltigen Verbindungen. Der Gehalt am elementaren Kupfer in Hopfen ist maximal 20 — 25 mg/kg.

Kli¢ova slova: chmel, méd, peronospora chmelova, fungicidy

1 UVOD

Peronospora chmelovéa (Pseudoperonospora humuliL.) je v sou-
pomérné velké ztraty ve vynosu i kvalité sklizeného chmele. Parazi-
tuje vyhradné na chmelu, u néhoz muize napadnout kofeny i nad-
zemni organy. Prvni pfiznaky napadeni chmele peronosporou se
mohou objevit jiz na mladych vyhonech brzy z jara. Listy maji zluto-
zelenou barvu, jsou zakrslé a zkracenim internodii dochéazi k jejich
nahlouceni. Svym vzhledem pfipominaji klas, a proto se bézné na-
zyvaji jako ,klasovité vyhony chmele® (obr. 7). Na spodni strané listl
klasovitych vyhon( se vytvari Sedofialovy povlak slozeny z plodo-
nosl a letnich vytrusnic. Klasovité vyhony se tvofi na jafe po infekci
zimnimi vytrusy a jsou hlavnim zdrojem pro dal$i Sifeni choroby na
listech. BE€hem vegetace se peronospora chmelova $ifi hlavné let-
nimi vytrusy (zoosporangiemi), které vznikaji nepohlavni cestou na
spodni strané listd. Dostanou-li se vyzrala zoosporangia do vihkého
prostfedi, uvolfiuji vytrusy (zoospory), které po kratké dobé zacinaji
klicit. Kli¢ici viakénka mycelia se snazi prorlist do pruduchu listd,
atak infikovat rostlinu [1].V pribé&hu vegetace dochazi k infekci nejen
listll, ale i kvétd a hlavek chmele. Vzhled chmelovych hlavek napa-
denych peronosporou chmelovou je na obr. 2. Paraziticka houba se
muze rozmnozovat pohlavnim i nepohlavnim zptsobem. Tyto zmény
v Zivotnim cyklu ji umozniuji pfetrvat nepfiznivé podminky prostiedi
a naopak pfi pfiznivych podminkach se mlze velmi rychle $ifit [2].

Keywords: hop, copper, downy mildew, fungicides

1 INTRODUCTION

Downy mildew (Pseudoperonospora humuli L.) is currently the
most important fungal disease of hop. It can cause high losses in
yield and quality of harvested hops. Downy mildew parasites exclu-
sively on hop. It attacts roots and above ground organs as well. First
symptoms of infestation appear on young sprouts in early spring.
Leaves are of green-yellow colour, stunt and due to shortening of in-
ternodia they become accumulated. These are commonly called
“spikes”. Spikes are the main source for further spreading of the dis-
ease in the course vegetation (Fig. 7). Grey-violet coating consisting
of sporangiophores and summer spores cause building up spiked
leaves on the lower side. In the course of vegetation downy mildew
spreads primarily by summer spores (zoosporangia), that create in
non-sex way on the leaves bottom. Under wet conditions zoosporan-
gia start to release spores that begin to germinate after a short time.
Germinating fibres of mycelium grow into leaves pores and infect
plants [1]. In the course of vegetation not only leaves but flowers and
cones can be infected as well. Hop cones infested by downy mildew
are shown on Fig. 2. Parasite fungi can multiplicate by sex as well
as non-sex way. Such changes in life cycle enable the fungi to survive
unfavourite weather conditions and on contrary enable fast spreading
under optimal ones [2].

An important regulation factor of downy mildew occurence in the
phase of flowering and cone forming is application of copper fungi-
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Obr.1 ,Klasovity“ vyhon chmele po napadeni peronosporou chmelovou v jarnim obdobi /

Fig.1 Hop ,spikes” caused by downy mildew during the spring

Dulezitym regulaénim faktorem vyskytu peronospory chmelové
v obdobi kvétu a hlavkovani jsou médnaté fungicidy. Pfestoze patfi
k nejdéle znamym fungicidim, dodnes maji v ochrané rostlin proti
houbovym chorobam sv(jj vyznam. Vzhledem ke kontaktnimu plso-
beni se pouzivaji k preventivnim zasahim. Mechanismus G¢inku se
objasnuje vlivem elementarni médi na bunéénou plazmu. Komplexni
slou¢eniny médi rozpustné ve vodeé ireverzibilné méni bilkovinu pro-
toplazmy patogena, ktera tak neni schopna vykonavat fyziologické
funkce [3]. Méd je pro rostliny povazovana za esencialni prvek [4].
Asi 70 % pfijaté médi je lokalizovano v chloroplastech, kde pusobi
jako stabilizator chlorofylu. Méd muze také puUsobit jako akceptor
nebo naopak donor elektronu a stava se tak soucasti mnoha oxi-
dacéné-redukénich systéma. Specificky aktivuje nékteré oxidasy (cy-
tochromoxidasu, oxidasu askorbové kyseliny, polyfenoloxidasu).
Svou Uc¢asti na biosyntéze ligninu se podili na stabilizaci bunéénych
stén. Méd jako souéast proteinli hraje vyznamnou roli v celé fadé
procesli prenosu elektrond, zejména procesu fotosyntézy a bunéé-
ného dychani. Méd je nezbytna rovnéz pro symbioticky vztah mezi
dusik fixujicimi bakteriemi a kofeny bobovitych rostlin [5].

Chybéjici méd Ize nejsnaze dodat foliarni
aplikaci. Toxicita nadbytku médi je vzhledem
k vysoké sorpci tohoto prvku v pidé vzacna.
Mlze se vyskytovat ve vinicich a chmelni-
cich, kde byla dlouhodobé pouzivana
k ochrané rostlin médnatymi pFipravky. Velmi
napadnym znakem je chloréza listll vyvolana
nedostatkem Zzeleza jako dlsledek vysoké
konkurence médi vici zelezu.V piidé se méd
vyskytuje prakticky vyluéné jako dvojmocny
kation, vazany v krystalickych mfizkach mi-
nerall [6]. Po uvolnéni z m¥izek pfechazi do
velmi pevné vazby na pldni sorpéni komplex,
a proto se v pldnim roztoku nachazi jen ve
velmi nizké koncentraci do 0,6 umol.I''.Vzhle-
dem k tomu, ze snadno vstupuje do chelato-
vych vazeb, pfedstavuje podstatnou ¢ast
rozpustné frakce pravé vazba médi do orga-
nickych komplext [7]. PoZzadavky rostlin na
meéd jsou malé a pohybuji se v rozmezi 2 az
25 ppm v susiné. Pro chmel uvadi Portner [8]
odbér 4054 mg médi v pfepoc¢tu na hektar,
z toho potieba hlavek cini pouze 581 g/ha,
zbytek pfipada na révu a listy. Udaj se vzta-
huje na némecké odrudy, ale je v principu
pouzitelny i pro ¢eské chmele.

V pivovarské technologii se méd fadi k nej-
vyznamnéj§im kovovym prvkim. Hraje dle-
zitou roli v G¢innosti fady sladovych enzym.

cides. In spite of being the oldest registered
fungicides, they still have big importace in
plant protection against fungal diseases. With
the respect to their contact effect they are
usually used for preventive treatments. Mech-
anism of effect is clarified by the actvity of el-
ementary copper on cellular plasm. Disease
control consists in disrupting the function of
the cellular proteins of fungi and bacteria [3].
Copper is an essential microelement needed
by plants [4]. Appr. 70 % of copper is localised
in chloroplasts where it acts as chlorophyll
stabilizer. Copper acts as acceptor or elec-
tron donor and becomes a component of
many oxidation-reduction systems. It parci-
pates on lignin biosynthesis that stabilises
cell walls. Copper as a protein component
plays important role in photosynthesis pro-
cesses and cell respiration. Itis indispensable
for symbiotic relationship between nitrogen
fixing bacteria and roots of bean plants as
well [5].

Missing copper can be easily supplied by
foliar application. Phytotoxicity of copper ex-
cess is scarce due to high sorption of the el-
ement in soil. It can appear in vineyards and
hop gardens where copper fungicides had
been applied for a long time. Noticeable fea-
ture is leaf chlorosis, which is caused by iron
shortage as result of competition of copper to iron. Copper is found
in soil practically only as bivalent cation bound in crystal lattices of
minerals [6]. Its concentration in soil solution is up to 0.6 umol.I"".
Copper easily enters chelate bindings [7]. Plant requirement for this
chemical element is small and moves in the range of 2 to 25 ppm.
Portner [8] presents total copper take-off for hop 4054 mg per
hectare, from which falls 581 g/ha to cones, the rest for bines and
leaves. The data apply to German hop varieties but on principle they
can be used for Czech hops as well.

In brewing technology copper belongs to the most important metal
elements. It plays the relevant role in efficiency of many malt en-
zymes. It is esential for yeast growth in low concen-trations but it is
toxic in higher ones. Copper has important role in formation of col-
loidal hazes [9]. Morimoto [10] found out tignificant differences in the
contents of some compounds with blackcurrant like odors in fops
and beer after treatment of kop by Bordeaux mixture. Sensorial age-
ing of beer significantly increases in the presence of Cu?* ions at
concentrations below 100 ug.I". Copper ions catalyze oxidation re-
actions in the presence of prooxidants like cystein and 1,2,3-trihyd-

Obr. 2 Vzhled chmelovych hlavek napadenych peronosporou chmelovou pred sklizni /
Fig. 2 Appearance of hop cones infested by downy mildew before harvest



Obsah elementarni médi ve chmelu po opakovanych aplikacich médnatych fungiciddi

KVASNY PRUM.
57 /2011 (11-12)

419

V nizkych koncentracich je méd esencidlni pro rist kvasinek, ve vys-
Sich je toxicka. Pripisuje se ji rovnéz dllezita uloha pfi vzniku kolo-
idnich zakall piva [9]. Morimoto [10] zjistil vyznamné zmény v obsahu
nékolika latek s charakterem aroma ¢erného rybizu ve chmelu i pivu
po oSetfeni chmelnic Bordeauxskou jichou (smésny roztok siranu
meédnatého a oxidu vapenatého). Senzorické starnuti piva vyznamné
nardsta v pfitomnosti iontd dvojmocné meédi pfi koncentracich niz-
Sich nez 100 ug.I". lonty Cu?* katalyzuji oxidaéni reakce za pfitom-
nosti prooxidantt, jako je cystein a 1,2,3-trihydroxy-polyfenoly [11].
Kovové ionty médi i zeleza se také podili na neenzymatické oxidaci
nenasycenych mastnych kyselin za vzniku nenasycenych aldehydu
[12]. Obsah médi zjistény v pivech plzenského typu metodou atomové
absorpéni spektrometrie se pohyboval v rozmezi 19 az 35 ug.I" [13].
Autofi konstatuji, Ze vyroba piva je z pohledu obsahu médi a dalSich
tézkych kovl v surovinach a v pivu silné dekontaminacéni proces.
K podobnym zavériim dospél i Dostalek [14], ktery hodnotil obsah
téZkych kovl v 200 vzorcich piv chronopotenciometrickou metodou.
Pramérny obsah médi v souboru mérenych piv byl 32,6 ug.I'' a ma-
ximalni zji$téna hodnota 93 ug.I"'. V praci byl porovnavan obsah i dal-
Sich tézkych kovu (zinku, kadmia, olova) i ve vinu a nealkoholickych
napojich. Z hlediska koncentrace tézkych kovli bylo pivo vyhodno-
ceno jako velmi Cisty produkt.

PFi zpracovani chmele na chmelové pelety T90 by se obsah médi
ve vyrobku teoreticky nemél ménit. Testy ale ukazaly, ze obsah médi
a dalSich kovd (chrom, nikl) je v granulich o 20 az 40 % vétsi nez
ve chmelu [15]. Pravdépodobna pfic¢ina spocgiva v sekundarni kon-
taminaci chmele mikroskopickymi otéry o kovové &asti technologic-
kého zafizeni. Vyznamnou bariérou pfenosu tézkych kovd do chme-
lovych vyrobkl je extrakce chmele. Ethanolova extrakce snizuje
obsah kovli 0 90 %, extrakce oxidem uhli¢itym dokonce o0 97 % [16].

Chmel sdm o sobé je obchodni artikl pouZivany v potravinaiském
pramyslu. Vztahuje se na néj nutnost respektovani limitd $kodlivin,
a tudiz i téZkych kovl, uvedenych v hygienickych smérnicich [17].
Z tohoto divodu je potfebné se touto problematikou zabyvat zejména
u kovd, které jsou obsazeny v prostfedcich na ochranu chmele. Na
tom nic neméni ani skute¢nost, ze USA a Japonsko importni tole-
rance pro méd ve chmelu nestanovily (tab. 7). Importni tolerance pro
méd ve chmelu a chmelovych vyrobcich v rdmci Evropské unie je
1000 mg/kg. V ramci feSeni vyzkumného ukolu ,Integrovana pro-
dukce chmele” byly v pribéhu tfi vegetaénich sezon 2008 az 2010
provedeny testy opakované aplikace médnatych fungicidi ve chmel-
nicich s cilem zjistit dopady na obsah médi ve chmelu.

2 MATERIAL A METODY

PFi pokusech byly pouzity tyto ochranné pfipravky: Kuprikol 50,
Kuprikol 250 SC, Cuproxat CS, Curzate K v souladu s metodickymi
pokyny. Charakteristika pouzitych pfipravk(, aplikaéni davky a mnoz-
stvi médi aplikované na 1 hektar chmelnice pfi jednom oSetfeni jsou
uvedeny v tabulce 2. Postfiky médnatymi fungicidy byly provedeny
na farmé Chmelafského institutu ve Stekniku na odriidé Agnus po-
moci béznych rosi¢d. Podle pfipravené metodiky byla pokusna
chmelnice rozdélena na 3 dily, kazdy o ploSe pfiblizné 0,3 ha. Prvni
postfik byl proveden na celé ploSe, druhy na 2/3 pokusné parcely
a tfeti na 1/3 plochy. Plivodni zamér tfi aplikaci byl realizovan jen
v roce 2008, v nasledujicich letech byly provedeny pouze dva na-
stfiky, protoze tfeti nebylo mozno provést z divodu Spatného zdra-
votniho stavu porostu a pfedCasné sklizné (2009), resp. destivého
pocasi a rozbahnéného terénu (2010). V roce 2008 byl pokus reali-
zovan s pfipravkem Kuprikol 50, v roce 2009 s pfipravky Kuprikol

roxy-polyphenols [11]. Copper and iron ions participate in non enzy-
matic oxidation of unsaturated fatty acids [12]. Content of copper de-
termined by AAS method in Pilsener type of beers was found in the
interval of 19 to 35 ug.l"" [13]. The authors state that brewing tech-
nology is the decontamination process from the point of view of cop-
per and other heavy metals content. Dostalek [14], who assessed
content of heavy metals in 200 beer samples by chronopotentiomet-
ric method came to the similar conclusions. Average copper content
in the file of beers was 32.6 ug.I"" with maximal value 93 ug.I"". Beer
is therefore considered to be very pure beverage from the heavy
metal contents point of view.

Content of copper in the course of processing of raw hops to hop
pellets T90 should not change. Tests showed that contents of copper
and other heavy metals (chromium, nickel) in pellets are by 20-40
% higher compared to raw hops [15]. Probable reason consists
in secondary contamination of hops by microscopic abrasions of
metal parts from technological equipment. Extraction of hops is an
efficient barrier in transfer of heavy metals to hop products. Ethanol
extraction reduces metal contents by 90 %, carbon dioxide extraction
even by 97 % [16].

Hops are important commodity used in food industry. Therefore,
hygienic limits of pollutants (heavy metals) have to be followed and
respected [17]. It is necessary to deal with this topic particularly
for metals, which are contained in pesticides used for chemical con-
trol of pests and diseases. Maximum residue level (MRL) of elemen-
tary copper in hops and hop products valid in EU is 1000 mg/kg. In
USA and Japan they are not even fixed (Tab. 7). Within the scope of
research project ,Integrated hop production” repeated tests of mul-
tiple copper fungicides application were performed with the aim of
determination its impact on photosynthesis rate and on the content
of elementary copper in hops in the course of 2008-2010 vegetation
seasons.

2 MATERIAL AND METHODS

Kuprikol 50, Kuprikol 250 SC, Cuproxat SC and Curzate K were
used for the tests in the compliance with methodical hints. Charac-
teristics of used pesticides, application doses and amounts of copper
applied per hectare at single treatment are summarized in Tab. 2.
Copper fungicides were applied on Agnus variety with the help of
common mistblowers. The experimental hop garden was divided into
3 parts, each of 0.3 ha acreage. The first treatment was carried out
on the whole plot, the second one on 2/3 of the experimental area
and the third one on 1/3 of the area. Initial intention of three applica-
tions was realised only in 2008. During subsequent years only two
applications were carried out due to early harvest (2009) or muddy
terrain (2010). Kuprikol 50 was used in 2008, fungicides Kuprikol 250
SC and Cuproxat SC were used in 2009. In 2010 Kuprikol 250 SC

Tab. 1 Limity rezidui (MRL) elementarni médi v mg/kg v suchém
chmelu a chmelovych vyrobcich / Maximum residual limits (MRL) of
elementary copper in mg/kg in raw hops and hop products

Evropska unie USA Japonsko
EU USA Japan
MRL / Cu (mg/kg) 1000 nestanoveno /| nestanoveno /
exempt exempt

Tab. 2 Charakteristika pouzitych médnatych fungicidl / Characteristics of used copper fungicides

Pripravek Slozeni Obsah médi | Aplikacni davka Mnozstvi Cu/ha (kg)
Fungicide Composition Cu contents Dose Amount Cu/ha
Kuprikol 50 oxychlorid médi / copper oxychloride 500 g/kg 0,50 % /2000 | 5 kg / oSetfeni
CuCl,.3Cu(OH), 5 kg/ treatment
Kuprikol 250 SC oxychlorid médi / copper oxychloride 250 g/l 1,0 % /2000 | 5 kg / oSetfeni
CuCl,.3Cu(OH), 5 kg/ treatment
Curzate K oxychlorid médi + cymoxanil / copper oxychloride 4609/ 0,30 % /2000 | 2,8 kg / oSetfeni
+ cymoxanile CuCl,.3Cu(OH), 2,8 kg/ treatment
Cuproxat SC zéasadity siran médnaty / basic copper sulfate 190 g/l 0,75 % /2000 | 2,9 kg / oSetfeni
Cu S0,.3Cu(OH),.1/2H,0 2,9 kg/ treatment
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Tab. 3 Terminy aplikace médnatych fungicid(l a davky elementarni médi (kg Cu/ha) / Application terms of copper fungicides and total amount

of applied copper (kg Cu/ha)

2008 2009 2010
Osetreni Termin Davka Cu (kg/ha) Termin Davka Cu (kg/ha) Termin Davka Cu (kg/ha)
Treatment Date Dose Cu (kg/ha) Date Dose Cu (kg/ha) Date Dose Cu (kg/ha)
I 22.7. 5.0 27.7. 5.0 13.7. 2.8
Il 12.8. 5.0 14. 8. 2.9 1.8. 5.0
IIl. 27.8. 5.0 - 22.8. 5.0
C‘éf’e}z‘:;; / (kg/ha) 15.0 7.9 12.8

250 SC a Cuproxat SC. V roce 2010 byl pouzit pfipravek Kuprikol
250 SC. Vzhledem k vysokému infekénimu tlaku peronospory chme-
lové byl 13. ¢ervence 2010 na pokusnou plochu neplanované apli-
kovan pfipravek Curzate K, coz je smérny preparat obsahujici jako
ucinné slozky oxychlorid médi (77 %) a systemicky fungicid cymo-
xanil (4 %). Mimoradna aplikace médnatého pfipravku se nasledné
projevila zvySenymi obsahy médi na listech i v hlavkach na zagatku
pokusu. Konkrétni aplika¢ni terminy a odpovidajici davky elemen-
tarni médi pfi kazdém oSetfeni vyjadrené v kg/ha v pribéhu expe-
rimentélniho obdobi jsou uvedeny v tabulce 3. Pfi opakovanych na-
stficich médnatych fungicidd bylo v roce 2008 aplikovano celkem
15,0 kg elementarni médi na 1 hektar chmelnice, v roce 2009 7,9 kg
a 12,8 kg v roce 2010.

Pokusy byly zahajovany v druhé poloviné ervence a trvaly az do
prvni dekady zafi. Doba trvani pokusl se v jednotlivych letech za-
sadné neliSila. Po kazdé aplikaci byly z pokusné chmelnice odebirany
vzorky listll a hldvek namatkové z 10 rostlin ve vyskovych patrech od
2 do 6 metru. Byly odebirany listy révové i pazochové v poctu 20 az
30 listl. Hmotnost zelenych hlavek byla 20 az 25 gram( na zadatku
hlavkovani a 50-75 gram( v obdobi sklizné, tj. v druhé poloviné srpna.
Cetnost odbéru byla v prvnim tydnu po aplikaci ¢astéjsi, dalSi odbéry
byly provadény zpravidla v tydennich intervalech. Pfi vzorkovani byly
odebirany vzorky listd i hlavek ze vech dosud provedenych oSetfeni.
Timto zplsobem byly ziskany ¢asové fady dat obsahu médi na listech
i v hlavkach pro kazdou aplikaci. SuSeni rostlinného materialu bylo
provedeno volné na vzduchu v temné mistnosti pfi pokojové teploté.
Suché vzorky hlavek a listd byly v akreditované laboratofi analyzovany
na obsah elementéarni médi metodou emisni atomové spektrometrie
v indukéné vazaném plazmatu (ICP-AES). Mineralizace vzorku byla
provedena mikrovinnym rozkladem v prostredi kyseliny dusi¢né a pe-
roxidu vodiku. Variaéni koeficient analytického stanoveni byl 4,2 %
rel. s limitem stanovitelnosti 1,5 mg Cu/kg.

3 VYSLEDKY A DISKUSE

Vysledky stanoveni obsahu médi na chmelovych listech a v chme-
lovych hlavkach jsou uvedeny v fab. 4 a 5. Udaje o obsahu médi se
vztahuji na jeden pramérny vzorek listd ¢i hlavek odebrany v daném
terminu. Zjisténé hodnoty ukazuji, Ze obsahy médi v hlavkach jsou
po aplikaci fungicidnich pfipravkl podstatné niz$i nez na listech. Je
vych listd odrddy Agnus pohybuje v rozmezi 45-50 cm?/g (révové)
a 50 az 60 cm?/g (pazochové). U nesusenych hlavek je tento pomér
priblizné tfetinovy a pohybuje se pfevazné v hodnotach 15-20 cm?/g
[18]. Experimenty byly provedeny v dobé&, kdy vyvoj listové plochy
chmelovych rostlin byl dokoncen. Naproti tomu u hlavek pokus pro-
bihal po dobu celého vyvojového cyklu od stadia kvétu az do dosa-
Zeni sklizhové zralosti. Postupny narist velikosti hlavek se vyraznym
zpusobem projevil na poklesu obsahu médi s ¢asem. Vysledky sta-
noveni obsahu médi na listech i v hlavkach v tabulkdch 3 a 4 ukazuii,
ze aplikace 5 kg médi na hektar chmelnice vzrostlého porostu odrudy
Agnus zvysi obsah médi na chmelovych listech min. o 1000 mg/kg,
v hlavkach v obdobi intenzivniho zrani vede stejna davka meédi ke
zvySeni o cca 300 mg/kg. Tésné korelace mezi davkou aplikované
médi a jejim obsahem ve chmelu vSak neexistuji. Napfiklad v roce
2008 byl obsah médi na listech po prvnim oSetfeni na urovni 1700-
1900 mg/kg, v roce 2009 pouze 900-1000 mg/kg, pfestoze davka
elementarni médi byla v obou letech shodné 5 kg/ha. V roce 2010
byla do zacatku srpna aplikovana davka 7,8 kg médi/ha a vysledny
obsah na listech byl na hladiné 1400 az 1600 mg/kg. Nedosahl
urovné z roéniku 2008. Dal§imi o$etfenimi v prabéhu srpna se ob-

was applied. With respect to high infection pressure of downy mildew
Curzate K was applied out of plan on July 13" 2010. The exceptional
application of copper increased its contents on leaves (109 mg/kg)
at the start of the test. Application terms and amounts of elementary
copper after each treatment expressed in kg/ha are summarized in
Tab. 3.1n 2008 totally 15 kg of elementary copper was applied in three
treatments, in 2009 7.9 kg and 12.8 kg of copper in 2010.

Spraying tests were started in the second half of July and lasted
till the first decade of September. Samples of hop leaves and hop
cones were taken after each treatment randomly from 10 plants at
the height of 2-6 meters in appr. one week intervals. Bine and lateral
leaves were taken at amount of 20-30 pcs. The frequency of sam-
pling in the course of the first week was higher, further samples
were taken once a week. Samples were taken from all treatments
applied to date. Time dependence of copper contents on leaves and
in cones were obtained for each application. Drying of plant material
was peformed at ambient temperature in a dark room. Dry samples
of cones and leaves were analysed in an authorised laboratory for
the content of elementary copper by ICP-AES method. Mineralisation
of samples was performed by microwave decomposition in the en-
vironment of nitric acid and hydrogen peroxide. Detection limit was
1.5 mg Cu/kg.

3 RESULTS AND DISCUSSION

Copper contents in hop cones and on leaves are summarized in
Tab. 4, 5. The amount of copper on hop leaves is 2-5 times higher
compared to cones. It is given by lower ratio surface/weight, which
is 15-20 cm?/g for cones and 45-60 cm?/g for leaves [18]. The exper-
iments were carried out in the period when development of leaf area
was finished. On the contrary, experiment period of hop cones com-
prised the whole development cycle from the stage of flowering to
the harvest ripeness. Gradual increase of hop cone size had signif-
icant effect to the level of elementary copper. Application of 5 kg cop-
per per hectare of vigorous growth of Agnus increases its content
on hop leaves by 1000 mg/kg at least. The same amout of copper
applied to cones during ripening period increases its content by
300 mg/kg. Tight correlation between the amount of copper applied
and its content in hops does not exist.

Time series of the copper content on leaves show perceptible,
though irregular, decreasing trend. It is probably caused by washing
off, or dissolving copper compounds by atmospheric water (rain,
dew). Detailed analysis of rainfalls and frequency in the period July—
September2008-2010 is shown in Tab. 6and on Fig. 3. Precipitations
do not precisely correlate with decrease of copper in hops. It is prob-
ably given by uncertainties during taking samples, which is generally
difficult. Contents of elementary copper in cones after the first appli-
cation dose moved in the interval of 300 to 400 mg/kg. The second
copper treatment increased its content to the level of 500 mg/kg. The
highest content of copper in cones (834 mg/kg) was found in 2008
immediately after the third copper application. Final copper content
in cones after all treatment was in the interval of 323 mg/kg in 2010
and 471 mg/kg in 2008. Time series of the copper conten in cones
show decreasing trend similar to leaves (Fig. 5). Except of environ-
mental reason discussed above gradual increase of hop cones size
from the stage of flowering at the last decade of July to the mature
size in the last decade of August plays important role. Similar trends
were monitored at testing of copper fungicide Curenox 50 several
years ago [19].

Small copper demands of plants under the level of 20-25 mg/kg
confirm contents of copper in untreated cones in 2009 (Tab. 4) and
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Tab. 4 Obsah médi na chmelovych listech po aplikaci médnatych fungicid(i v obdobi 2008 az 2010 (mg/kg) / Contents of elementary copper
in hop leaves (mg/kg) after fungicide applications

2008 2009 2010
Datum /| I. Nastfik / II. Nastfik / Ill. Nastfik /  |Datum I. Nastfik / II. Nastfik Datum /|  I. Nastfik / II. Nastfik
Date | I.Application Il. Application | Ill. Application | Date | I. Application | Il. Application | Date | I. Application | Il. Application
Dny/ |Obsah/| Dny/ [Obsah/| Dny/ |Obsah/ Dny/ |Obsah/| Dny/ |Obsah/ Dny/ [Obsah/| Dny/ |Obsah/
Days |Content| Days |Content| Days |Content Days | Content| Days |Content Days |Content| Days |Content
21.7. |control| 13 - - - - 25.7. |control 15 - - 29.7. |control| 383 - -
22.7.| 2h | 1778 - — - - 27.7.| 2h 1010 - - 2.8. 1 1598 - -
24.7. 2 1918 - - - - 28.7. 1 957 - - 4.8. 3 1442 - -
28.7. 6 1580 - - - - 31.7.| 4 892 - - 8.8. 7 1599 - -
31.7. 9 1316 — — - — 3.8. 7 900 - - 16.8. 14 1425 - —
8.8. 17 1566 - - - - 6.8. 10 888 - - 23.8. 22 1151 1 2021
13.8. 23 924 1 2508 - - 11.8.| 15 878 - - 30.8. 29 1071 8 | 2148
14. 8. 24 843 2 1557 - — 14.8. | - - 2h | 1175 | 6.9. 36 1100 15 | 2396
18. 8. 28 746 6 2091 - 17.8.| 21 744 3 1027 | 10.9. 40 1281 19 | 1698
25. 8. 35 835 13 1686 - 24.8.| 28 711 10 1269
28. 8. 38 726 16 1115 1 2267 | 28.8.| 32 479 14 | 1094
1.9. 42 665 20 823 5 2637
5.9. 46 694 24 770 9 1814

Tab. 5 Obsah médi v chmelovych hlavkach po aplikaci médnatych fungicidd v obdobi 2008 az 2010 (mg/kg) / Contents of elementary

copper in hop cones (mg/kg) after fungicide applications

2008 2009 2010
Datum /| |. Nastfik / II. Nastfik / Ill. Nastrik /  |Datum I. Nastrik / II. Nastfik Datum /|  I. Nastfik / II. Nastiik
Date | I.Application Il. Application | Ill. Application Date | I. Application | Il. Application | Date | I. Application | Il. Application
Dny/ |Obsah/| Dny/ [Obsah/| Dny/ |Obsah/ Dny/ |Obsah/| Dny/ |Obsah/ Dny/ [Obsah/| Dny/ |Obsah/
Days |Content| Days |Content| Days |Content Days | Content| Days |Content Days |Content| Days |Content
21.7. |control| — - - - - 25. 7. |control 6 - - 29.7. |control| 109 - -
22.7.| 2h - - - - - 27.7.| 2h 371 - - 2.8. 1 312 - -
24.7. 2 - - - - - 28.7. 1 302 - - 4.8. 3 316 - -
28.7. 6 - - — - — 31.7. 4 286 - - 8. 8. 7 219 - -
31.7. 9 - - - - - 3.8. 7 395 - - 16. 8. 14 176 - -
8.8. 17 405 - - - - 6. 8. 10 417 - - 23.8. | 22 208 1 482
13. 8. 23 - 1 - - - 11.8.| 15 335 — - 30.8.| 29 175 8 505
14. 8. 24 201 2 504 - - 14.8. | - - 2h 489 | 6.9. 36 153 15 491
18.8. 28 133 6 487 - - 17.8.| 21 415 3 501 | 10.9.| 40 144 19 323
25.8. 35 122 13 309 - 24.8.| 28 429 10 556
28. 8. 38 93 16 247 1 834 | 28.8.| 32 350 14 456
1.9. 42 86 20 143 5 705
5.9. 46 108 24 201 9 471

Tab. 6 Srazkové uhrny v obdobi dervenec—zafi 2008 az 2010/ UH Steknik / Rainfalls (mm) in the period July-September 2008-2010

Rok/Dekada cervenec/July srpen/August zari/September|
Year/Decade l. Il L. l. L. Il .

2008 17.6 19.6 17.6 16.0 34.0 6.2 13.2

2009 25.4 44.6 7.4 25.0 15.4 17.2 7.8

2010 8.2 28.0 77.8 57.4 17.4 37.4 3.6

sahy médi na listech dale zvysily skokovym zplsobem na Urovné
2000 az 2500 mg/kg. V éasovych fadach obsahu médi na listech je
patrny, byt nepravidelny, pokles s ¢asem. Pfi¢inu poklesu obsahu
médi je mozno pficist na vrub smyvani, popfipadé rozpousténi slou-
¢enin médi atmosférickou vodou (dést, rosa). Podrobnéjsi rozbor de-
Stovych srazek v obdobi Cervenec-zafi v letech 2008 az 2010 v tab. 6
a na obr. 3 ukazuje, ze srazkové uhrny vzdy ¢asové nekoreluji s po-
klesem médi na listech, popf. v hlavkach. Nerovnomérnosti v poklesu
obsahu médi v ¢asovych fadach si Ize vysvétlit nejistotou pfi vzor-
kovani, které je u chmele obecné velmi obtizné.

Obsah médi v hlavkach se po prvni aplikaéni davce pohyboval ve
vSech roénicich v intervalu 300 az 400 mg/kg. Druha aplikace zvysila

organic hops from 2010 crop harvest (22 mg/kg, Tab. 7). Copper con-
tents found in hops from territories with no downy mildew occurence
(China, India, South Africa, Argentina) confirm that natural copper
contents in hops are below 20 mg/kg [20]. High contents of copper
on hop leaves should not be underestimated. Copper from leaves is
brought into harvested hops in the form of biological admixtures. Po-
tential contribution of biological admixtures shoud not exceed
60 mg/kg if hops contain up to 3 % of admixtures (leaves) and copper
contents on hop leaves is max. 2000 mg/kg. Contents of elementary
copper in commercial samples of Czech, German and Polish hops
from the 2009 and 2010 crop harvest are shown in Tab. 7. Most of
values in Czech hops are in the interval of 20 300 mg/kg. The highest
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na neoSetfenych listech
a hlavkéach v letech 2008
a 2009, které jsou uvedeny
v tab. 4, 5, a obsah médi
v biochmelu ze sklizné
2010 (22 mg/kg, tab.7).Ob-
sahy médi stanovené v zahrani¢nich chmelech z teritorii, kde se pe-
ronospora nevyskytuje (Cina, Indie, JAR, Argentina), rovnéz ukazui,
Ze pfirozené obsahy médi ve chmelu skute¢né lezi pod 20 mg/kg
[20]. Vysoké obsahy médi na listech nelze podceriovat. Z nich se ko-
vova méd dostévéa do sklizeného chmele ve formé biologickych pFi-
mési. Tento piispévek mlze byt za urcitych okolnosti vyznamny, vez-
meme-li v Uvahu, Ze pfevazna ¢ast sklizeného chmele obsahuje do
3 % hm.biologickych pfimési. Potencialni pfispévek biologickych pfi-
mési by nemél byt vyssi nez 60 mg/kg za predpokladu, Ze obsah
médi na listech nepfesahne hladinu 2000 mg/kg a pfimeési budou
tvofit vyhradné zbytky listd. V tab. 7 jsou uvedeny obsahy médi v ko-
mercnich vzorcich ¢eskych, némeckych a polskych chmelli nékolika
odrtd a rGznych péstitelskych oblasti ze sklizni 2009 a 2010. Pre-
vazna vétSina hodnot namérenych v eskych chmelech se pohybuje
v intervalu 20 az 300 mg/kg. | nejvy$si namérena hodnota u odrldy
Premiant ve vysi 633 mg/kg zdaleka nedosahuje MRL 1000 mg/kg
médi pro zemé EU (tab. 7). Srovnatelné hodnoty byly naméfeny
v ¢eskych chmelech ze sklizni 1990 a 1992 [15]. Primérny obsah
médi se tehdy pohyboval v rozmezi 250 az 350 mg/kg s tim rozdilem,
ze se ojedinéle vyskytly obsahy pfesahujici hodnotu 1000 mg/kg.
Extrémné vysoké obsahy médi ve chmelu mohou byt zplUsobeny
napf. nedodrzenim technologické kazné, nedokonalou homogeni-
zaci praskovitych pfipravkd aj. V podstaté stejnym zplsobem je
mozno hodnotit i obsahy médi v némeckych chmelech. Vedle obsaht
vintervalu 100 az 400 mg/kg se objevuje jedna vysoka hodnota u od-
rdy Taurus (807 mg/kg), ale také hodnota velmi nizka 19 mg/kg
u odrldy Hallertauer Tradition na Urovni pfirozeného pozadi. Pod-
statné nizsi obsahy médi byly zjistény v polskych chmelech. Je to
dano tim, Ze se jedna o klimaticky odliSnou chmelafskou oblast Pu-
lawy-Lublin v jihovychodnim Polsku s nizsim infekénim tlakem hou-
bovych chorob.

Obr. 3 Casové rozlozeni srazek v obdobi dervenec-zafi v letech 2008 az 2010/ Steknik /
Fig. 3 Rainfalls distribution at the period July-September in 2008-2010 seasons

determined value in Premiant variety (633 mg/kg) is still far from the
limit 1000 mg/kg valid for EU countries. Comparable data were ob-
tained in Czech hops from the crop harvests 1990 and 1992 [15]. In-
dividual values were mostly in the range of 250-350 mg/kg and just
rarely contents above 1000 mg/kg were determined. Extremely high
contents of copper in hops can be caused by technology mistakes —
insufficient homogenisation of powdery preparatives before applica-
tion. Therefore liquid formulations of copper fungicides are commonly
recommended to hop growers in Czech republic. Most of values in
German hops are in the interval of 100 to 400 mg/kg. There are also
two limit values, high content in Taurus 807 mg/kg and low value of
19 mg/kg (Hallertauer Tradition) at the level of natural background
as well. Copper contents in Polish hops are substantialy lower. Hop
growing region is located nearby of Pulawy-Lublin in south-east
Poland with different climate and lower infection pressure of fungal
diseases.

4 CONCLUSIONS

Repeated applications of copper fungicides increase the level of
elementary copper in hops up to 500mg/kg if total amount of copper
does not exceed 15 kg/ha of hop garden. Contents of copper on
leaves are 2-5 fold higher at the same application doses. Application
of 5 kg elementary copper/ha on full grown Agnus variety increases
content of copper on hop leaves by 1000 mg/kg at least. The same
amount of copper applied to full size hop cones increases copper
content by 300 mg/kg. Maximum contents of copper at repeated ap-
plications of copper fungicides are far below the limit of 1000 mg/kg
— MRL valid for EU countries. Tight correlations between the dose
of aplied copper and its content in harvested hops does not exit. Cop-
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Tab. 7 Obsah médi ve vzorcich ¢eskych, némeckych a polskych
odrlid chmele ze sklizni 2009 a 2010/ Contents of copper in samples
of Czech, German and Polish hops from 2009-2010 crop harvests

Odriida / Obsah |Odrada / Obsah
Variety médi/ | Variety médi /
Copper Copper
contents contents
_ i (mg/kg) (mg/kg)
CESKA REPUBLIKA — 2010 / CZECH REPUBLIC — 2010
Agnus 106 | Zatecky Cervenak /SAAZ 148
Agnus 257 | Zatecky Servenak /SAAZ 270
Fuggle 278 Zatecky &ervenak /SAAZ 222
Premiant 74 Zatecky &erveniak /SAAZ 214
Premiant 166 Zatecky &ervenak /SAAZ 145
Premiant 270 | Zatecky Gervenak /SAAZ 160
Premiant 633 | Zatecky ¢ervenak /SAAZ 179
Premiant 189 Zatecky Cervenak /SAAZ 112
Premiant 278 | Zatecky Gervenak /SAAZ 99
Sladek 234 | Zatecky Servenak /SAAZ 192
Sladek 439 | ZPC-biochmel 22
NEMECKO - 2010 / GERMANY 2010
Hallertauer 19 Herkules 328
Tradition
Northern 206 | Taurus 807
Brewer
Perle 170 Spalter Select 249
Saphir 344 Opal 421
POLSKO — 2009
Sybilla 44 Magnum 30
Lomik 33 Lubelski 153
4 ZAVER

Vysledky opakovanych aplikaci médnatych fungicidd ve chmelni-
cich ukézaly, Ze obsahy médi v hldvkach se pohybuji do 500 mg/kg,
pokud celkova davka médi nepfesahne mnozstvi 15 kg/ha chmel-
nice. Obsahy médi na listech, pfi stejné aplikaéni davce, jsou zhruba
2 az 5krat vyssi, coz je dano vysokou hodnotou poméru plochy ku
hmotnosti. Aplikace 5 kg meédi na hektar chmelnice vzrostiého po-
rostu odrddy Agnus zvySi obsah médi na chmelovych listech min.
0 1000 mg/kg. V hlavkach v obdobi intenzivniho zrani vede stejna
davka médi ke zvySeni o cca 300 mg/kg. Maximalni obsahy Cu i pfi
opakovanych aplikacich médnatych fungicidd jsou hluboko pod hod-
notou 1000 mg/kg, coz je MRL platny pro zemé EU. Tésné korelace
mezi davkou aplikované médi a jejim obsahem ve chmelu vSak ne-
existuji. Méd se z listli do sklizenych hlavek dostava ve formé biolo-
gickych pfimési. | z tohoto divodu je zadouci, aby obsah biologickych
pFimési pfi sklizni byl co nejnizsi. Casovy pribéh obsahu médi v hlav-
kach ma mirné sestupny trend, ktery je dan prfedevsim postupnym
zvétSovanim jejich velikosti béhem zrani. Obdobny trend na listech
ukazuije, ze zde hraji roli i povétrnostni vlivy, zejména smyvani, popf.
rozpou$téni médnatych slouc¢enin atmosférickymi srazkami. Ojedi-
nélé nalezy presahujici hodnoty MRL Ize pfi€ist na vrub technolo-
gickym chybam pfi provadéni ochrannych zasahu. Hodnota pfiroze-
ného pozadi obsahu elementarni médi ve chmelu je do 20-25 mg/kg.

Podékovani
Tato studie byla vypracovana jako soucast feseni projektu NAZV
QHB81049 s finanéni podporou Ministerstva zemédélstvi CR.

per from leaves is brought into harvested hops in the form of biolog-
ical admixtures. Time series of the copper content in cones show
perceptible decreasing trend. It can be explained by gradual increase
of hop cones size during maturation. The similar trend on hop leaves
is probably caused by washing off or dissolving of copper compounds
by atmospheric water. Natural content of copper in hops is up to 20—
25 mg/kg.
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