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Vaculova, K. — Balounova, M. — Cerkal, R. — Ehrenbergerova, J.: Vliv lokality a roéniku na obsah mineralnich latek v zrné jec-
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U 7 odrudd sladovnického jeémene jarniho (Amulet, Bojos, Jersey, Malz, Prestige, Sebastian a Tolar), péstovanych technologii s ome-
zenymi chemickymi vstupy, byl studovan vliv lokality (Kromé&Fiz, Zabgice) a roéniku (2005, 2007, 2008) na obsah mineralnich latek a za-
kladni chemické slozeni zrna (N-latky, Skrob, tuk, vidknina). Z hlediska pozadavk( na obsah makroprvkd a mikroprvkd pro spravny rast,
vyvoj a fermentaéni aktivitu pivovarskych kvasinek se jako nejlepsi jevily odridy Amulet a Prestige, k odrliidam s nizkym obsahem vSech
makroprvku patfil Bojos a nejslabsi akumulaci mikroprvkl se vyzna€ovala odriida Sebastian. Obsah sledovanych zivin, mineralnich |a-
tek a tézkych kovl byl prikazné ovlivnén v&emi sledovanymi faktory, tedy odradou, péstebni lokalitou i roénikem. Mezi odridami byla
zjiSténa priikazna diference v akumulaci obsahu P, B, Cu, Fe a poméru Ca vici Mg. Na obsah mineralnich latek méla prikazny vliv hmot-
nost zrna. Vyuziti hmotnosti zrna jako kovarianty se projevilo ve snizeni zjisténé miry prikaznosti vlivu odriidy na obsah makroprvki K,
Ca i Mg a interakce lokality s odrddou u vS§ech makroprvk( a mikroprvki, s vyjimkou obsahu Fe. Vy$si koncentrace nékterych mineral-
nich latek v zrné byla spojena se zvySovanim obsahu N-latek (NL x Zn: r = 0,50** az 0,77**) a podilu vlakniny (vlaknina x Mg: r = 0,24
az 0,38%; vldknina x Ca: r = 0,23 az 0,78**) a naopak snizovanim obsahu $krobu (8krob x Mg: r = —=0.54** az —0.72**).

Vaculova, K. — Balounova, M. — Cerkal, R. — Ehrenbergerova, J.: The effect of location and year on mineral content in spring bar-
ley grain. Kvasny Prum. 56, 2010, No. 2, p. 60—68.

The effect of location (KroméFiz, Zabgice) and year (2005, 2007 and 2008) on the content of mineral elements and basic grain chem-
ical composition (N-substances, starch, fat, fibre) was studied in seven spring malting barley cultivars (Amulet, Bojos, Jersey, Malz, Pres-
tige, Sebastian and Tolar), grown under a cropping system with restricted chemical treatment. Considering the requirements for the con-
tent of macro- and microelements for good growth, development and fermentation activity of brewers yeast, the best cultivars were
Amulet and Prestige, cv. Bojos ranked among the cultivars with low contents of all macroelements and the lowest content of microele-
ments was characteristic for cv. Sebastian. The content of the examined nutrients, minerals and heavy metals was affected significantly
by all factors studied, i.e. cultivar, location and year. There was a significant difference among cultivars in the content of P, B, Cu, Fe and
Ca to Mg ratio. The content of minerals was significantly influenced by grain weight. Use of grain weight as a covariate resulted in de-
creasing a significance level of cultivar effect on the content of macroelements K, Ca as well as Mg, and the location x cultivar interac-
tion in all macro- and microelements, except Fe content. A higher concentration of some minerals in grain was related to increasing the
content of N-substances (N-subst. x Zn: r = 0.50** to 0.77**) and fibre proportion (fibre x Mg: r = 0.24 to 0.38%; fibre x Ca: r = 0.23 to
0.78**) and conversely decreasing the content of starch (starch x Mg: r = —=0.54** to —0.72**).

Vaculova, K. — Balounova, M. — Cerkal, R. — Ehrenbergerova, J.: Der Einfluss der Lokalitdt und des Jahrganges auf den Gehalt
an Mineralstoffe im Korn der Sommergerste. Kvasny Prum. 56, 2010, Nr. 2, S. 60-68.

Der Einfluss der Lokalitat (Kromé&fiz und Zabéice) und des Jahrganges (2005, 2007 und 2008) auf den Gehalt an Mineralstoffe und
auf die Grundzusammensetzung des Sommergerstenkornes (N — Stoffe, Stéarke, Fett und Faserstoff) bei den sieben Gerstensorten mit
beschrankter chemischer Behandlung wurde verfolgt. Als die beste Gerstensorte vom Gesichtspunkt der Anforderungen auf den Gehalt
an Makro- und Mikroelemente fiir die richtige Vermehrung, Entwicklung und Garaktivitat der Brauhefe wurden Amulet und Prestige, zu
den Sorten mit dem niedrigen Gehalt an alle Makroelemente gehdrte Bojos und die schwéchste Akkumulation von Mikroelementen wies
die Sorte Sebastian auf. Der Gehalt an verfolgte Nahrungsstoffe, Mineralstoffe und Schwermetalle wurde durch alle Faktore (Gersten-
sorte, Anbaulokalitat und Jahrgang) wurde erweislich bestétigt. Unter Gerstensorten in der Gehaltakkumulation von Elementen P, B, Cu,
Fe und Verhéltnis Ca/Mg eine wurde erweisliche Differenz festgestellt. Die Masse des Gerstenkerns wies einen erweislichen Einfluss
auf den Gehalt an Mineralstoffen auf. Die Ausnutzung der Kornmasse als Kovariante duBerte sich in der Herabsetzung des festgestell-
ten Beweiskraft Grads vom Sorteneinfluss auf den Gehalt an K, Ca und Mg und Interaktion mit einer Ausnahme von Fe bei allen Ma-
kro- und Mikroelementen. Die hohere Konzentration der einigen Mineralstoffen im Gerstenkorn wurde mit der Erhéhung des Gehalts an
N-Stoffen (NL x Zn: r = 0,50** bis 0,77**) und mit dem Faserstoffanteil (Faserstoffanteil x Mg: r = 0,24 bis 0,38*; Faserstoff x Ca: r = 0,23
bis 0,78**) und im Gegenteil mit der Reduzierung des Gehaltes an Starke (Starke x Mg: r = —0.54** bis —0.72**) verbunden.

Klicova slova: jeCmen jarni, sladovnické odridy, zrno, péstovani,
mineralni latky, zakladni chemické slozeni

1 UVOD

Mineralni latky jsou nezbytné pro spravnou vyZzivu, rlst a vyvoj
vSech eukaryotickych organismu. Pozadavky na mnoZzstvi a zastou-
peni jednotlivych mineralnich latek se lisi podle druhu organismu —
uvadi se, ze 22-23 mineralnich latek je nezbytnych pro jejich sprav-
nou funkci [1-3].

Hlavnim zdrojem mineralnich latek ve vyzivé je potrava a voda. Stu-
die provedené v fadé zemi referuji o zménach obsahu mineralnich
latek v hlavnich potravinarskych plodinach v priibéhu poslednich
30-50 let, coz se odrazi jak ve vyzivé obyvatel, tak i hospodarskych
zvifat [4-5]. Obsah minerald v rostlinach je ovlivnén nejen druhem

Keywords: spring barley, malting cultivars, grain, growing, mineral
elements, basic chemical composition

1 INTRODUCTION

Mineral elements are essential for proper nutrition, growth and de-
velopment of all eucaryotic organisms. Amounts and proportions of
individual minerals differ depending on an organism species; it has
been reported that 22—23 minerals are necessary for their good func-
tioning [1-3].

Main sources of minerals in nutrition are food and water. Studies
conducted in a number of countries report changes in the content of
minerals in staple food crops over the last 30-50 years, which is re-
flected in both human and farm animals nutrition [4-5]. Mineral con-
tent in plants is affected not only by a species and cultivar, but as well
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a odrldou, ale i padnimi, klimatickymi, povétrnostnimi podminkami
a dal$imi faktory (vyzivou rostlin, napadenim chorobami, pfitomnosti
toxickych kov(, pesticidl, mykotoxin(i, apod.) [6-7].

Sledovani obsahu mineralnich latek v zrné obilovin se povétsinou
neprovadi, protoze se ma vSeobecné za to, ze meziodridové dife-
rence nejsou vyznamné. Vysledky studia rliznych druht a odrid obi-
lovin z pohledu moznosti jejich vyuziti pro lidskou vyZivu nebo krmeni
hospodarskych zvifat [8] v8ak prokazuji, Ze existujici meziodriidové
a druhové diference mohou mit nutriéni vyznam. U sladovnickych od-
rid jeémene nepatfi obsah mineralnich latek v zrné (kromé obsahu
N) k ukazatellm sledovanym sladovnami a neni tedy podstatny ani
pro péstitele. Nicméné obsah a vzajemny pomér mineralnich latek je
jednim z faktord dlleZitych pro rust a vyvoj pivovarskych kvasinek
[9-12], a tedy i pro kvalitu piva jako cilového produktu.

Hlavnim zamérem préace bylo prostudovat vliv lokality a ro€niku na
obsah mineralnich latek v zrné vybranych sladovnickych odrid je¢-
mene jarniho, hodnoceny zejména z hlediska pozadavk(l pivovar-
skych kvasinek.

2 MATERIAL A METODIKA

Byly studovany vzorky zrna vybraného souboru 7 odriid je¢émene
jarniho (Amulet, Bojos, Jersey, Malz, Prestige, Sebastian a Tolar), pé-
stovanych v letech 2005, 2007 a 2008 na dvou lokalitach (Kroméfiz,
Zabcice) po predplodiné ozimé psSenici, v pokusech vedenych v re-
zimu s omezenymi chemickymi vstupy.

Lokalita Kroméfiz (49° 17‘ severni Sitky, 17° 22‘ vychodni délky) se
nachdzi v feparské zemédélské vyrobni oblasti, v primérné nad-
morské vySce 235 metrl nad mofem (variabilita od 195 do 250 m
n. m.) v rovinatém terénu nivy feky Moravy. Region je charakterizo-
van jako teply a mirné vihky. Padni typ pokusnych pozemk je klasi-
fikovan jako ¢ernozem luvicka, padni druh hlinita pida stfedné tézka.

Lokalita Zabéice (49°01, severni Sitky a 16°37, vychodni délky) se
nachdzi v kukufiéné zemédélské vyrobni oblasti, podoblasti K2, v pra-
mérné nadmorské vySce 184 metrl nad morem v rovinatém terénu
nivy feky Svratky (Dyjskosvratecky tval). Padni typ pokusnych po-
zemkd je klasifikovan jako fluvizem glejova, jednda se o pldu stfedné
téZkou az tézkou, pudni druh jilovitohlinita az jilovita. Pribéh pocasi
ve vegetacnim obdobi v jednotlivych letech je znazornén na obr. 1.

as by soil, climatic and weather conditions, and other factors (plant
nutrition, disease infection, the presence of toxic metals, pesticides,
mycotoxins, etc.) [6-7].

Mineral content in cereal grain is not commonly observed because
it is generally assumed that differences among cultivars are not sub-
stantial. However, the results of studies of various cereal species with
a view to their use for human nutrition or feeding farm animals [8]
document that current differences among cultivars and species can
be of particular nutritional importance. The content of minerals in grain
of malting barley cultivars (except N content) is not listed among pa-
rameters followed by malt houses and thereby it is not important for
growers either. Nevertheless, the content and ratio of minerals is one
of the factors relevant for growth and development of brewers yeast
[9-12], and thus for beer quality as a final product.

The main objective of the present work was to study the effect of
location and year on the content of mineral elements in grain of the
selected malting cultivars of spring barley examined especially with
a view to requirements of brewers yeast.

2 MATERIAL AND METHODS

Grain samples of a selected set of 7 spring barley cultivars (Amulet,
Bojos, Jersey, Malz, Prestige, Sebastian a Tolar) were investigated.
The cultivars were grown in 2005, 2007 and 2008 at two locations
(Kroméfiz and Zabcice) after winter wheat as a preceding crop in tri-
als conducted in cropping system with restricted chemical treatment.

Kroméfiz (49°17° N, 17°22’ E) is located in the sugarbeet produc-
tion region at the altitude of 235 m (varying from 195 to 250 m a.s.l.)
in the Morava River alluvial plain. The region is characterized as warm
and slightly humid. The soil type of experimental fields is Luvi-haplic
Chernozem, soil type is loam, medium heavy.

Zabcice (49°01’N, 16°37’ E) is located in the maize production re-
gion (sub-region K2) at the average altitude of 184 m in the Svratka
River alluvial plain (Dyje-Svratka Vale). The soil type of experimental
fields is gleyic fluvisol; it is medium heavy to heavy, soil type is clay
loam to clay. Weather conditions during the growing season in indi-
vidual years are illustrated in Fig. 1.

The experimental plots were managed according to a cropping
practice that is optimum for growing malting barley at the given lo-
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Ptiprava pozemku pod pokusy byla provedena podle metodiky opti-
malni pro péstovani sladovnického je€mene v dané lokalité, hnojeni
PK bylo provedeno vzdy na podzim predchazejiciho roku podle vy-
sledk chemickych analyz pldy. Kazdoro¢né pred setim byly z pld-
niho profilu 0—-30 cm odebrany vzorky pudy na analyzy mineralniho
slozeni.

Po sklizni a tfidéni na sité 2,5 mm byla ve vzorcich zrna stanovena
hmotnost 1000 zrn (HTZ v g — podle metodiky EBC 4.4). Standard-
nimi analytickymi metodami byl stanoven obsah Skrobu, dusiku (pfe-
pocet na obsah celkovych N-latek s vyuzitim koeficientu 6,25 — NL),
tuku a vldkniny. VSechny vyse uvedené slozky zrna byly vyjadreny
v % susiny. U v8ech vzorkl zrna a pudy byl stanoven obsah mine-
ralnich latek podle platnych metodik CSN, ISO a norem ICC (mak-
roprvky: fosfor-P, draslik-K, vapnik-Ca, hof¢ik-Mg — v % susiny; mik-
roprvky: mangan-Mn, zelezo-Fe, zinek-Zn a méd-Cu a tézké kovy:
rtut-Hg, olovo-Pb a kadmium-Cd — v mg.kg™ susiny). Byl vypocten
sumarni obsah makroprvku (¥ makro), mikroprvkd (¥ mikro) a téz-
kych kovu (2 TK). Obsah mineralnich latek v pudé je uveden v tab. 1.

Tab. 1 pH a obsah makroprvka v ptidé (mg.kg™) / Table 1 pH and
macroelement content in soil (mg.kg™’)

Lacation | vears| B || B[ Fea s Mg
2005 6.11 130.2 | 231.5 | 2212.5| 2245

Kroméfiz 2007 6.81 68.3 | 215.0 | 2216.0 | 396.0
2008 6.49 90.4 | 286.0 | 1906.0 | 209.0
2005 7.3 138.3 | 222.2 | 5853.0 | 403.3

Zabgice 2007 7.3 87.5 | 190.6 | 4666.4 | 420.4
2008 6.38 88.5 | 221.3 | 4330.4 | 353.6

Statistické zpracovani vysledkl bylo provedeno v programu STA-
TISTICA verze 8.0 (StatSoft, Inc., Tulsa, Oklahoma, USA). Byla pou-
zita analyza variance a kovariance (GLM) s mnohonasobnym tfidé-
nim (Tukey a LSD test), vzdjemné vztahy mezi sledovanymi ukazateli
byly hodnoceny korela¢nimi a parcialnimi korelaénimi koeficienty.

3 VYSLEDKY A DISKUSE

Studované makro- i mikroprvky (s vyjimkou bdru) patfi k nepo-
stradatelnym mineralnim latkam, nezbytnym z pohledu lidské vyZzivy
i vyzivy zvifat [13]. Mnohé z nich jsou v8ak nezbytné i pro spravny
vyvoj a rlst pivovarskych kvasinek, kde plisobi zejména jako kofak-
tory katalytickych enzymatickych reakci, v jejichZz dusledku se pro-
dukuje alkohol, aromatické latky, energie nezbytna pro rlist a tvorbu
bunécénych stén kvasinek a prabéh dalSich dalezitych metabolickych
procesu [11]. Primérny obsah makroprvkl (tab. 2) v zrné studova-
nych odrid kolisal od 0,054 % (Ca, odrida Malz) po 0,566 % (K —
Sebastian), mikroprvkid od 4,32 mg.kg™ (Cu — Tolar) po 49,01 mg.kg™
(Fe — Amulet) a tézkych kovu od 0,025 mg.kg' (Hg — Sebastian) po
0,517 mg.kg™ (Pb — Malz).

Zastoupeni mineralnich latek v kvasinkach je odlisné od teplo-
krevnych organismu. Prevlada fosfor, ktery tvofi 3-5 % su$iny a na-
sleduje draslik s cca 2 %. Na rozdil napfiklad od hospodarskych zvi-
fat maji kvasinky malé pozadavky na vapnik, jenz ma vyznam pfi
flokulaci, avSak neni povazovan za latku nezbytnou pro rist a fer-
mentaéni schopnost. Naopak White [11] uvadi, Ze hofcik je pro rlst
nezbytny a hraje roli i v prevenci “bunééné smrti”, kterd mize nastat
pfi vysokych koncentracich alkoholu uvnitf bunék. Z tohoto pohledu
bylo chemické sloZeni zrna jeémene pomérné priznivé, protoze pra-
meérny obsah uvedenych makroprvk(li v zrné klesal v poradi
K>P>Mg>Ca (0,53; 0,38; 0,12; 0,06 %). | pfes malé absolutni dife-
rence existovaly mezi studovanymi odriidami je€mene statisticky vy-
znamné rozdily, zejména v obsahu P, pro ktery se odridy Prestige
a Amulet prikazné liily od odriid Bojos, Jersey a Sebastian. Vyznam
mineralni vyZivy a aktivity enzym0 pro koncentraci alkoholu, hustotu
sladiny a hlavni aromatické slozky uvadéji také lwami et al. [14], ktefi
zjistili, ze rlist kvasinek pouzitych pro vyrobu alkoholického napoje
~Shochu® byl nejsilnéji ovlivnén pritomnosti dusiku, fosforu a drasliku.
Z pohledu preferovanych makroprvki pro vyzivu kvasinek byla mezi
odridou s nejvy$sim obsahem P, K a Mg (Prestige) a odriidou s nej-
niz§im obsahem téchto minerdl(l (Bojos) zjisténa diference 6,3 %.
Reese a Stewart [15] uvadéji, Zze zvySeny pomér Mg vuci Ca ma vliv
na urychleni inicializace fermentace, vynos ethanolu a vitalitu kvasi-
nek v zavéru fermentace. | kdyz vzajemné rozdily mezi odrlidami

cation. PK fertilizers were applied in the autumn of the preceding year
based on soil chemical analysis. Each year prior to sowing, soil sam-
ples were taken from a 0—30-cm profile for analyses of mineral com-
position.

After harvest and grain grading through 2.5-mm sieves, 1000-ker-
nel weight (TKW in g, according to EBC standard 4.4) was deter-
mined in the grain samples. Standard analytical methods were used
to assess the content of starch, nitrogen (converted to total N-sub-
stances using coefficient 6.25 — NS), fat and fibre. All the mentioned
grain components were expressed in % of dry matter (DM). The con-
tent of minerals in all grain and soil samples was analyzed accord-
ing to valid methods of CSN (Czech National Standard), ISO and ICC
standards (macroelements: phosphorus-P, potassium-K, calcium-Ca,
magnesium-Mg — in % of DM; microelements: manganese-Mn, iron-
Fe, zinc-Zn and copper-Cu and heavy metals: mercury-Hg, lead-Pb
and cadmium-Cd — in mg.kg' DM). Summary contents of macroele-
ments (3 macro), microelements (. micro) and heavy metals (3 HM)
were calculated. The content of minerals in soil is given in the Table 1.

The results were statistically evaluated using STATISTICA version
8.0 software (StatSoft, Inc., Tulsa, Oklahoma, USA). Analysis of vari-
ance and covariance (GLM) with multiple comparison (Tukey and LSD
post-hoc tests) was used and interrelationships between the param-
eters examined were evaluated by correlation and partial correlation
coefficients.

3 RESULTS AND DISCUSSION

Macro- as well as microelements (except B) rank among essential
minerals, which are necessary for human and animal nutrition [13].
Some of them, however, are also indispensable for good develop-
ment and growth of brewers yeast, where they act particularly as co-
factors in catalytic enzyme reactions resulting in producing alcohol,
aromatic compounds, energy necessary for the growth and develop-
ment of yeast cell membranes, and the course of other important
metabolic processes [11]. The mean content of macroelements
(Tab.2) in grain of the cultivars studied ranged from 0.054 % (Ca —
cv. Malz) to 0.566 % (K — cv. Sebastian), microelements from
4.32 mg.kg™ (Cu — cv. Tolar) to 49.01 mg.kg™" (Fe — cv. Amulet) and
heavy metals from 0.025 mg.kg™" (Hg — cv. Sebastian) to 0.517 mg.kg’
(Pb — cv. Malz).

The percentage of minerals in yeast differs from that in warm-
blooded organisms. Phosphorus dominates and accounts for 3-5 %
of DM, followed by potassium with about 2 %. In contrast to farm an-
imals, yeast requires less Ca, which is important for flocculation, how-
ever, it is not considered an element essential for growth and fer-
mentation ability. Magnesium, on the contrary, is necessary for the
growth and plays a role also in preventing “cell death”, which can be
induced by high alcohol concentrations within the cell [11]. Consid-
ering this aspect, the chemical composition of barley grain was rela-
tively favourable because the mean content of the macroelements in
grain decreased in the order K>~P>Mg>Ca (0.53, 0.38, 0.12, 0.06 %).
In spite of small absolute differences, there were significant differ-
ences among the cultivars especially in P content, in which cvs. Pres-
tige and Amulet significantly differed from cvs. Bojos, Jersey and Se-
bastian. The importance of mineral nutrition and enzyme activity for
alcohol concentration, wort density and main aromatic components
is also reported by Iwami et al. [14], who found that the growth of
yeast used for producing an alcohol beverage “shochu” was affected
most strongly by the presence of N, P and K. In terms of the macroele-
ments preferred in yeast nutrition, a difference of 6.3 % was found
between the cultivar with the highest content of P, K and Mg (Pres-
tige) and the cultivar with the lowest content of these minerals (Bo-
jos). Reese and Stewart [15] report that elevating the Mg to Ca ratio
influences speeding up fermentation initiation, ethanol yield and yeast
viability at the end of fermentation. Though the differences between
cultivars with the lowest and the highest content of individual
macroelements were not high and ranged from 5.8 % (Mg) to 16.9 %
(Ca), the difference in the Mg:Ca ratio amounted to 21.57 %. A sig-
nificant difference in the Ca to Mg ratio was assessed only for cvs.
Malz (1:2.25) and Bojos (1:1.74).

Arole of trace elements is different in terms of yeast requirements.
Due to low concentrations and the ability to chelate in yeast cells,
there is a shortage of some microelements, whereas others can be
redundant. The mean content of microelements in grain decreased
in the order Fe>B>Zn>Mn>Cu (43.4; 35.8; 24.7; 12.5; 5.3 mg.kg™).
The importance of Cu, Zn and Fe for the growth and development of
yeast has been known for a longer time [16]. Copper, at a lower
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Tab. 2 / Primérné hodnoty (+ sx) hmotnosti, obsahu Zivin a mineralnich latek v susiné zrna ze v8ech pokusnych lokalit a roénik(i / Table 2
Mean values (+ sx) of weight, contents of nutrients and minerals in grain DM from all locations and years

Odruda, ukazatel / HTS, g/ TKW, g ziviny, % sus. / nutrients, % DM

Cultivar, item Skrob / Starch Tuk / Fat Vlaknina / Fibre NL / NS?
Amulet 48.1+1.3 60.6+0.8 1.9+0.05 4.4+0.12 12.3+0.47
Bojos 46.4+1.1 61.3+0.8 2.0+0.12 4.1+0.14 12.4+0.47
Jersey 45.6+0.9 59.3+0.8 2.2+0.08 4.5+0.10 11.7+0.38
Malz 45.8+0.8 60.6+0.4 1.9+0.04 3.9+0.10 11.8+0.43
Prestige 48.9+1.3 60.8+0.6 2.0+0.04 4.4+0.07 11.8+0.46
Sebastian 45.7+1.0 60.4+0.6 2.0+0.07 4.2+0.08 11.5+0.48
Tolar 48.4+0.9 59.4+0.7 2.2+0.05 4.5+0.10 12.1+0.60
MDg o5 ? 0.62 0.76 0.11 0.21 0.36
Odrida, ukazatel / makroprvky, % sus. / macroelements, % DM

Cultivar, item P K Ca Mg = makro / £ macro"
Amulet 0.396+0.015 0.524+0.015 0.064+0.003 0.120+£0004 1.104+0.034
Bojos 0.363+0.017 0.520+0.016 0.065+0.003 0.113+0.004 1.060+0.036
Jersey 0.365+0.016 0.548+0.018 0.062+0.004 0.117+0.004 1.092+0.037
Malz 0.389+0.011 0.519+0.012 0.054+0.003 0.120+0.003 1.081+0.025
Prestige 0.406+0.014 0.535+0.013 0.060+0.003 0.120+0.004 1.121+0.028
Sebastian 0.370+0.013 0.566+0.016 0.060+0.003 0.115+0.004 1.112+0.026
Tolar 0.391+0.014 0.503+0.014 0.060+0.003 0.113+0.004 1.066+0.028
MDy o5 0.020 0.028 0.003 0.005 n.s.
Odrida, ukazatel / mikroprvky, mg.kg' sus. / microelements, mg.kg' DM

Cultivar, item B Cu Fe Zn Mn
Amulet 43.33+2.48 5.21+0.57 49.01+2.54 24.59+1.61 13.58+0.61
Bojos 33.83+2.51 6.32+0.73 45.30+2.05 25.67+2.00 12.77+0.38
Jersey 36.67+0.86 5.93+0.72 42.10+3.51 23.02+1.36 13.45+0.38
Malz 34.17+1.74 5.42+0.50 43.81+2.25 24.93+1.28 12.35+0.50
Prestige 34.83+1.96 4.57+0.37 42.86+1.96 24.72+1.35 11.98+0.52
Sebastian 32.67+2.24 5.02+0.35 38.58+0.71 25.37+2.00 10.73+0.52
Tolar 35.33+1.12 4.32+0.25 41.92+1.85 24.75+1.58 12.32+0.78
MDg 05 2.68 0.29 3.23 n.s. 0.35
Odrida, ukazatel / mikroprvky, tézké kovy, mg.kg™' sus. / microelements, heavy metals, mg.kg’’ DM

Cultivar, item 2 mikro / Z micro" Cd Pb Hg ZTK/ZHM"
Amulet 135.74+2.04 0.0212+0.0030 0.469+0.150 0.0036+0.0010 0.494+0.148
Bojos 123.89+2.64 0.0183+0.0032 0.426+0.109 0.0028+0.0005 0.447+0.108
Jersey 121.17+£3.45 0.0188+0.0027 0.143+0.020 0.0032+0.0006 0.165+0.021
Malz 120.68+3.84 0.0270+0.0041 0.517+0.215 0.0034+0.0010 0.547+0.212
Prestige 118.96+3.77 0.0177+0.0023 0.396+0.122 0.0040+0.0011 0.418+0.120
Sebastian 112.36+2.42 0.0187+0.0026 0.376+0.087 0.0025+0.0006 0.397+0.086
Tolar 118.65+2.78 0.0177+0.0026 0.415+0.147 0.0036+0.0011 0.436+0.146
MDg o5 5.77 0.002 n.s. n.s. n.s.

) — viz. Material a metodika / see Material and Methods

2 — minimalni priikazna diference pfi Py o5 / minimal significant difference at Py ys

byly vysoké a pohybovaly se od 5,8 % (Mg) po 16,9 % (Ca), dife-
rence v poméru Mg:Ca dosahovala hodnoty az 21,57 %. Prukazné
se v poméru Ca:Mg lisily jen odridy Malz (1:2,25) a Bojos (1:1,74).

Role stopovych prvkU je z pohledu potieby kvasinek odlisna.Vzhle-
dem k nizkym koncentracim a schopnosti vytvaret v kvasinkovych
burikach chelatové vazby, jsou nékteré mikroprvky v nedostatku, za-
timco jiné mohou byt nadbyte¢né. Priimérny obsah mikroprvk( v zrné
odrid klesal v poradi Fe>B>Zn>Mn>Cu (43,4; 35,8; 24,7; 12,5;
5,3 mg.kg™). Vyznam Cu, Zn a Fe pro rUst a vyvoj kvasinek je znamy
jiz delsi dobu [16]. Méd je v malém mnozstvi nezbytnd pro rlst bu-
nék a produkci ethanolu, avSak vy$Si koncentrace naopak rust i pro-
dukci alkoholu brzdi [17]. Jeji pfijem souvisi s pfijimem K, protektivni
ucinek ma i Mg a Ca [18]. Zelezo je kofaktorem enzymd a kompo-
nentou dllezitou pro strukturu bilkovin a metabolické procesy véetné
syntézy DNA. Homeostaze Fe je u kvasinek zavisla na pfitomnosti
Cu [19]. Zinek méa vyznam pro reprodukci bunék a je kofaktorem al-
koholové dehydrogenasy, av8ak je to prvek, jak uvadiWhite [11], ktery
je ve sladiné ¢asto limitni. Také v naSem souboru studovanych odrtd

amount, is essential for cell growth and ethanol production, but con-
versely, its higher concentrations can inhibit cell growth as well as al-
cohol production [17]. Its uptake is related to K uptake and protective
effects have also been assessed for Mg and Ca [18]. Iron is a co-
factor in enzymes and a component important for protein structure
and metabolic processes including DNA synthesis. In yeast, Fe home-
ostasis depends on the presence of Cu [19]. Zinc is important for cell
reproduction and is a cofactor for alcohol dehydrogenase, however,
it is an element that is often limited in brewers wort [11]. Likewise in
our set of barley cultivars, Zn was a microelement for which the fac-
tor “cultivar” was not significant.

In comparison with the content of macroelements, the differences
between cultivars with the lowest and those with the highest content
of microelements were greater. The highest mean total content of all
microelements was determined in cv. Amulet (135.7 mg.kg™") that had
also the highest content of Mn, Fe and B.

Thus, it exceeded cv. Sebastian with the lowest ability of accumu-
lating the mentioned elements by 21.3-55.4 %, while the greatest dif-
ference between the two cultivars was in B content. Until recently, B
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Lotalita | 1 Dk "y o . has been considered an element important
Y1, mglky phali plotebion brom e Lokalite [Location Zabdtice vy 4 | only in the nutrition of plants or fish and am-
0,14 phibians at early developmental stages. How-
ever, the latest research demonstrates that B

_ }5 L\} L;} $;> }:} } $;> {0,112 belongs to the elements whose deficiency re-
N

1 F } }Q } };? L'? } £:> sults in yeast growth depression, especially af-
I 2 | {0,110 ter more propagation cycles.

The presence of toxic elements adversely af-
$ b 1r {008 fects all living organisms. Yeast is sensitive, for
| 0 0 L §o o) instance, to the presence of cesium, lithium or

% 3 ¥ YOI I U 40 3 o 40 30 §O {006 lead that all inhibit the ability of yeast to grow
i ¢ © r ¢ [11]. St&rba et al. [20] found that regardless of

. 0,04 an original content in raw material, only trace

- ) . - amounts of undesirable heavy metals are
Sov (v, T (v, e (v), Ay (1)) transferred into beer.

SERTS/TRW (Y1), TLFe (V1) @p (Y2), K (V) The content of Cd, Pb and Hg was deter-

Amulet Jersey Prestige Tolar Amulet Tersey Prestige Tolar

Iormglkg YI0h mined in barley grain, however, average differ-
60 —_— —_— 0,70 ences among cultivars were significant for Cd
| L only. Due to the fact that the allowed limit of Cd
o L [{] . * 11 10,60 (= 0.10 mg.kg™, set for foodstuffs by Commis-
Troad LF £ i ] L $ ) sion Regulation (EC) No. 629/2008) [21] was
et + F L F 11 . i i 10,50 not exceeded in any cultivar at both locations
s L RO g T o and in years, even significant differences
ntoe ¢ @ % 11 @ 3 i ¢ 11 among cultivars can be considered unsub-
vl é ¢ ® ¢ I [{] [I] [{3 stantial. More distinct differences among culti-
E 4030 vars were assessed for Pb in grain. However,
iy r the difference of 72.3 % between the lowest
14 e e 0,20 (0.143 mg.kg™" — cv. Jersey) and the highest
content of Pb (0.517 mg.kg™" — cv. Malz) was
‘ ) . ‘ not significant due to large variation in this
Bojos M alz Sebastian Bojos M oalz Sebastian heavy metal.

Different soil and weather conditions are of-
Obr. 2 Primérné hodnoty a variabilita HTS a obsahu vybranych makro a mikroprvkUl ve vzor-  ten referred to as main factors influencing the
cich zrna odriid jeémene jarniho z lokalit Kromé&Fiz a Zabéice (pramér let 2005, 2007 a 2008) uptake and accumulation of minerals in plants

/ Fig. 2 Mean values and variability in TKW and the content of selected macro- and micro- [7, 22].
elements in grain samples of spring barley from KroméFiz and Zabcice (mean of 2005, 2007  The effect of location combined with the ef-
and 2008) fect of year on the accumulation of selected
minerals and TKW changes in individual culti-
jetmene byl Zn mikroprvkem, pro ktery nebyl faktor ,odrida“ pra-  vars is illustrated in Fig. 2. The graphs demonstrate not only cultivar
kazny. preferences (e.g. X micro in cv. Amulet), but as well as different ef-
V porovnani s obsahem makroprvku byly diference mezi odriidami  fects of both locations on the variation level in the minerals examined
s nejniz8im a nejvys8im obsahem mikroprvka vétsi. Nejvyssi pri- — and grain weight.

mérny sumarni obsah vSech mikroprvk{ byl stanoven u odriidy Amu- Components of estimated relative variance (Fig. 3) differed for in-
let (135,7 mg.kg'), ktera
akumulovala v zrné rovnéz I odrida / cultivar, = lokalita / location, [ rok /year, HIH odrtida*lokalita / cultivartlocation, 23

nejvice Mn, Fe, a B.

Odrldu Sebastian s nej-
nizsi schopnosti hromadit chyba / error
uvedené prvky tak preko-
nala o 21,3-55,4 %, pfi-
¢emz nejvétsi rozdil mezi
obéma odrtidami byl pro
obsah B. AZ donedavna byl
boér povazovan za prvek,
ktery ma vyznam pouze ve
vyzive rostlin nebo v ranych
vyvojovych stadiich ryb
a obojzivelnikl. Vyzkum
poslednich let [9] ale potvr-
zuje, Ze bor patfi k latkam,
jejichz deficience se proje-
vuje v depresi rustu kvasi-
nek, zejména po vice cyk-
lech mnozeni.

Pritomnost toxickych la-
tek ma negativni vliv na
vS8echny Zivé organismy.
Kvasinky jsou citlivé napfi-
klad na pfitomnost cesia,
lithia nebo olova, které in-
hibuji schopnost kvasinek
k rdstu [11]. Stérba et al.
[20] zjistili, ze bez ohledu
na plvodni obsah v suro-
viné do piva prfechazi
pouze stopové mnozstvi Obr. 3 Komponenty odhadnutého relativniho rozptylu HTS, Zivin, mineralnich latek a téZkych kovi generované
nezadoucich tézkych kovi.  pisobenim jednotlivych faktor( a jejich interakci / Fig. 3 Components of estimated relative variance of TKW,

V zrn& odriid jeémene nutrients, minerals and heavy metals generated by the effect of individual factors and their interactions

odriada*rok / cultivartyear, /| lokalita*rok / location*year,

Odhadnuty relativni rozptyl (%) / Estimated
relative variance (%)
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byl stanoven obsah kadmia, olova a rtuti, avSak pouze pro Cd byly
priimérné diference mezi odridami prikazné. Vzhledem k tomu, ze
ani u jedné odrldy nebyl v obou lokalitach i péstebnich ro¢nicich pre-
kro€eny povoleny maximalni limit Cd = 0,10 mg.kg™, dany Nafizenim
komise €. 629/2008 pro potraviny [21], Ize i existujici signifikantni roz-
dily mezi odrddami povazovat za nepodstatné. Vyraznéjsirozdily mezi
(0,143 mg.kg' — odrGda Jersey) a nejvy$s§im obsahem Pb
(0,517 mg.kg™" — odrGida Malz), ktera ¢inila 72,3 %, vSak kvuli velké
promeénlivosti tohoto tézkého kovu nebyla priikazna.

Rozdilné pldni a povétrnostni podminky jsou ¢asto uvadény jako
hlavni faktory, ovliviiujici pfijem a akumulaci mineralnich latek v rost-
linach [7, 22]. Vliv péstebni lokality v kombinaci s plisobenim ro¢niku
na akumulaci vybranych mineralnich latek a zmény v HTS u jednot-
livych odrdd znéazornuji grafy na obr. 2. Jsou z nich zfejmé nejen zjis-
téné odrlidové preference (naptiklad u odrddy Amulet pro ¥ mikro),
ale také rozdilny vliv obou lokalit na miru proménlivosti sledovanych
mineralnich latek a hmotnosti zrna.

Slozky odhadnutého relativniho rozptylu (obr. 3) byly rozdilné pro
jednotlivé sledované ukazatele. Lokalita se nejsilnéji odrazila v pro-
ménlivosti HTS (48 %) a obsahu Fe (38,9 %), kde se na akumulaci
vyznamnym zpUsobem podilela také interakce odrldy s péstebnim
ro¢nikem. Podobné silny vliv méla tato interakce i na proménlivost
obsahu B (45,8 %). U makroprvkl (K, P, a Ca) byla nejsilngjSim fak-
torem proménlivosti interakce lokality s péstebnim ro¢nikem
(57,9-78,7 %), zatimco v pfipadé obsahu Mg, mikroprvk( Cu, Zn
a Mn a obsahu Cd byl nejvyznamnéj$im zdrojem proménlivosti ro¢-
nik. Obsah NL ovlivhoval jak pokusny roénik (ze 48,2 %), tak i loka-
lita (ze 33,8 %).

Variabilita v§ech sledovanych ukazateld, méfena variaénim koefi-
cientem V (%), byla odliSna v zavislosti na méfeném ukazateli a da-
ném faktoru promeénlivosti. Celkové byl vyssi obsah vSech makro-
prvka i mikroprvkd (s vyjimkou Fe) stanoven ve vzorcich z lokality
ralni latky (kromé K, Fe a Mn) a TK (tab. 3). Prukazné rozdily mezi
obéma lokalitami byly na zakladé vicefaktorové analyzy variance de-
tekovany nejen pro mineralni latky (P, Mg, ¥ makro, B, Fe, Zn, Mn,
> mikro, Cd a Hg), ale i pro obsah $krobu, NL a zejména pro hmot-
nost zrna. Priimérna hmotnost 1000 zrn byla v Zabgicich niz&i o 4,8
g, tedy 0 9,7 % oproti lokalité Kroméfiz, coz |ze zfejmé pficist vys-
§im primérnym teplotam a niz§imu souhrnu srazek v priibéhu ve-
getacnich obdobi vSéech pokusnych ro¢nikd.

Vyznamnym faktorem promeénlivosti pro obsah mineralnich latek (s
vyjimkou obsahu B a ¥ mikro) byl roénik. Nejvy$si hodnoty variag-

dividual parameters studied. The location was reflected most strongly
in the variation in TKW (48 %) and Fe content (38.9 %), where the
accumulation was also markedly affected by the cultivar x year in-
teraction. Similarly, this interaction also strongly affected the variation
in B content (45.8 %). In macroelements (K, P and Ca), the strongest
factor of variation was the location x year interaction (57.9-78.7 %),
whereas in the case of the content of Mg, microelements Cu, Zn and
Mn, and the content of Cd, the most important source of variation
was the year. The content of NS was affected by both the year (48.2 %)
and location (33.8 %).

The variation in all parameters investigated, measured using a co-
efficient of variation V (%), was different depending on a parameter
measured and a given factor of variation. Higher contents of all
macroelements and microelements (except Fe) were found in sam-
ples from Zabc¢ice, which also showed to be more variable for all min-
erals (except K, Fe and Mn) and HM (Tab. 3). Based on multifactor
analysis of variance, significant differences between the two locations
were detected not only for minerals (P, Mg, > macro, B, Fe, Zn, Mn,
> micro, Cd and Hg), but also for the content of starch, NS and es-
pecially for grain weight. An average TKW was 4.8 g lower, i.e. by
9.7 %, at Zabgice than at Kromé&fiz, which is probably due to a higher
average temperature and lower precipitation in growing seasons of
the years. An important factor of variation for mineral content (except
the content of B and ¥ micro) was the year. The highest values of co-
efficient of variation were calculated for the content of HM (in 2005).
However, the most variable year (for TKW, content of P, K, Mg,
> macro, B, Cu and Mn) was 2007 with the highest average tem-
peratures during the growing season at both locations.

Our results of studying the concentration of minerals in individual
kernel parts demonstrated that there were considerable differences
between outer layers and endosperm. The highest concentrations of
P, K, Mg, Ca, Fe, Zn, Mn, Cu and B were determined in outer layers
of barley kernel regardless of significant differences that were de-
tected among the genotypes studied [23]. Similar results were ob-
tained at milling wheat grain.

Disregarding the fact that the content of minerals in wholemeals of
various wheat cultivars was nearly identical, during a milling process
the concentration of macroelements decreased on average by 35 %
and microelements by up to 45 % [24]. The strong effect of location
on mean values and variation in grain weight also reflected in rela-
tionships between TKW and the content of P, K, Ca, Mg, Cu and
Zn.The evaluation of data measured separately at both locations doc-
umented that the level and often even slope of calculated correlation
coefficients differed.

Tab. 3 Primérné hodnoty, prikaznost diferenci a variabilita hodnocenych ukazatelli v pokusnych lokalitadch a ro¢nicich / Table 3 Mean va-
lues, significance of differences and variation in the parameters examined at locations and in years

Ukazatel / ltem" Lokalita / Location Rok / Year W i Lokalita / Location Rok / Year
Krométiz| Zabéice | 2005 | 2007 | 2008 Kromé¥tiz| Zabéice | 2005 | 2007 | 2008
HTS / TKW, g 1 49.4b" 44.62 47.6° | 44.43 | 49.0° | B, mg.kg™ 1 34.72 37.0° |36.0"%|34.9"%(36.6"
2 4.2 7.9 5.2 10.0 4.9 2 18.2 21.7 15.1 | 246 | 20.7
Skrob / Starch, % | 1 59.72 60.9° | 62.2¢ | 58.52 | 60.3° | Cu, mg.kg™ 1 5.3"s 5.2n.s. | 5.1° | 7.2¢ | 3.52
2 3.3 4.2 2.9 2.0 3.8 2 34.2 37.6 13.0 | 23.7 | 16.4
Tuk / Fat, % 1 2.0 2.0 2.2° 1.8 | 2.0° | Fe, mg.kg’ 1 47 .5 39.22 45.0° | 40.32 | 44.9°
2 18.7 12.4 141 8.2 7.4 2 18.4 12.0 17.0 | 16.6 | 20.5
Vlaknina / Fibre, %| 1 4.3 4.3n.s. 422 | 45° | 422 | Zn, mg.kg™ 1 24.22 25.3° 19.82 | 30.8° | 23.6°
2 111 7.9 11.8 6.8 8.2 2 19.9 24.0 5.9 8.2 18.7
NL / NS, % 1 12.50 11.42 11.02 | 13.6° | 11.22 | Mn, mg.kg™" 1 12.7° 12.32 14.6°| 11.32 | 11.42
2 11.3 14.2 13.6 6.0 5.7 2 19.4 11.9 10.0 | 12.2 9.7
P, % 1 0.362 0.40° 0.38° | 0.41¢| 0.362 | X, mikro /X, micro, | 1 124.3° 119.02 [120.4"${124.4"5120.1"s
2 9.7 14.3 8.5 15.6 | 10.1 | mg.kg™ 2 10.1 9.5 5.8 106 | 124
K, % 1| 0.53"s 0.54"s | 0.55P | 0.53%| 0.522 | Cd, mg.kg™ 1| 0.021° 0.0192 |0.0072|0.027°|0.026°
2 11.9 8.1 9.6 11.5 8.5 2 50.8 54.7 20.5 | 16.3 | 329
Ca, % 1 0.06"-s 0.06"s | 0.05% | 0.06° | 0.07° | Pb, mg.kg™" 1 0.3452 0.4382 |0.691b|0.2792|0.2052
2 14.2 20.8 19.9 | 16.0 7.7 2 100.8 125.3 101.4| 28.8 | 45.1
Mg, % 1 0.112 0.12° 0.102 | 0.13c| 0.12° | Hg, mg.kg™' 1| 0.0032 0.004° |0.0022| 0.005°|0.0032
2 8.6 13.6 6.9 8.6 8.1 2 74.8 89.8 136.5| 63.6 | 61.3
> makro / 1 1.072 1.12° 1.09%°| 1.12b| 1.062 | X TK/ X HM, 1| 0.369"s | 0.461"s [0.700°|0.31123|0.2342
> macro, % 2 8.8 9.9 71 12.3 7.7 mg.kg™ 2 93.0 118.3 100.1| 26.0 | 40.2

1) — 1 = primér / mean; 2 = variaéni koeficient / coefficient of variation

2) — v ramci stejného faktoru oznaduji rozdilna pismena v fadku prikaznou diferenci pfi Pggs; n.s. — ANOVA neni pro dany faktor priikazna
/ — within the same factor different letters in the row designate a significant difference at P = 0.05; n.s. — ANOVA is not significant for

a given factor
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niho koeficientu byly zjistény pro obsah TK (v roce 2005), celkové se
vSak jako nejvice proménlivy (pro HTS, obsah P, K, Mg, ¥ makro, B,
Cu a Mn) jevil rok 2007 s nejvy$Simi prumérnymi vegetaénimi teplo-
tami na obou lokalitach.

Vysledky studia koncentrace mineralnich latek v jednotlivych ¢as-
tech obilky prokazaly, Zze mezi obalovymi vrstvami zrna a endosper-
mem existuji vyznamné rozdily. Nejvice P, K, Mg, Ca, Fe, Zn, Mn, Cu,
a B obsahovaly vnéjsi vrstvy obilky jeémene, bez ohledu na priikazné
rozdily, které byly mezi studovanymi genotypy detekovany [23]. Ob-
dobné vysledky byly zjistény pfi mleti pSeni¢ného zrna.

Bez ohledu na to, ze obsah mineralnich latek v celozrnnych Sro-
tech riznych odriid pSenice byl t¢éméf shodny, v prabéhu vymilani do-
chazelo k poklesu koncentrace makroprvk( v priiméru o 35 % a mik-
roprvkl az o 45 % [24]. Zjistény silny vliv lokality na primérné hodnoty
i variabilitu hmotnosti zrna se odrazil i ve vzajemnych vztazich mezi
HTS a obsahem P, K, Ca, Mg, Cu a Zn. Hodnoceni naméfenych dat
z obou lokalit oddélené ukazalo, ze vySe a Casto i smérnice vypo-
¢tenych korelacnich koeficient(l jsou odlisné.

Zatimco pro lokalitu Zabéice byly vztahy mezi HTS a uvedenymi
mineraly prikazné a negativni (r = -0,45 az r = —-0,69; P<0,05), tytéz
korelace vypoctené pro hodnoty z lokality KroméFiz byly slabé a ne-
prikazné (s vyjimkou vztahu mezi HTS a obsahem Cu, kde byla na-
méfena dokonce prikazna kladna korelace).

Literarni udaje neuvadeéjivyznamny vztah mezi velikosti nebo hmot-
nosti obilky a obsahem mineralnich latek [25-26], avSak vysledky po-
rovnani standardnianalyzy variance a kovariance s vyuzitim HTS jako
nezavislé spojité proménné (kovarianty) ukazaly, Zze rozdilna hmot-
nost zrna je proménnou, ktera signifikantné ovlivnila prikaznost vlivu
jednotlivych faktorl a jejich interakcei u véech sledovanych Zivin, mak-
roprvkd a nékterych mikroprvka (Cu, Zn a ¥ mikro).

V duisledku zapoéteni efektu HTS (tab. 4) se ukazal jako nevy-
znamny vliv odrdy pro obsah vSech makroprvk( kromé P. Lokalita
meéla prikazny vliv na obsah NL, P, Mg, > makro, a vSech mikroprvk{
kromé Mn.

While correlations between TKW and minerals for Zabgice were
significant and negative (r = -0.45 to r = -0.69; P < 0.05), the corre-
lations between the same parameters calculated for values obtained
at Kroméfiz were weak and insignificant (except the correlation be-
tween TKW and Cu content, when even a significant positive corre-
lation was assessed).

Literature data do not mention any considerable relationship be-
tween kernel size or weight and the mineral content [25-26], how-
ever, the results of a comparison of standard analysis of variance and
covariance using TKW as an independent continuous variable (co-
variate) demonstrated that a different kernel weight is the variable
that significantly affected the significance of the effect of individual
factors and their interactions in all examined nutrients, macroele-
ments and some microelements (Cu, Zn and X micro).

Due to including the effect of TKW (Table 4), the effect of culti-
var did not show to be considerable for the content of all macroele-
ments, except P. Location significantly affected the content of NS,
P, Mg, ¥ macro, and all microelements, except Mn. The cultivar x
location interaction was insignificant for all minerals, except Fe and
> micro. Different grain weight did not considerably affect the vari-
ation induced by seasonal effects, so the assessed interactions be-
tween cultivar and year were not changed, except a significance
level for the cultivar x year interaction in the content of K and Cu.
Insignificant differences among cultivars for Zn content and the in-
significant effect of the location on the content of K and Ca in grain,
and on the contrary, the significant cultivar x year interaction for the
content of all microelements did not change if including different
TKW.

Year x cultivar interactions can affect a selection of cultivars with
a required content or ratio of desirable minerals, particularly if their
higher content is negatively correlated with nutritionally or techno-
logically important nutrients. Due to differences in values of Pearson s
correlation coefficients between the content of minerals and TKW at
Kroméfiz and Zabcice, partial correlations were used for further eval-

Tab. 4 Porovnani efektu vlivu faktord na obsah mineralnich latek v zrné pfi vyuziti dvou metod (GLM — ANOVA a ANCOVA pfi zapocteni viivu
hmotnosti zrna) / Table 4 Comparison of the effect of factors on mineral content in grain using two methods (GLM — ANOVA and ANCOVA

at including the effect of grain weight)

MS
Zdroj proménlivosti / Source of variation df| " 2 makro /
NL /NS P K Ca Mg 3 macro

odrlida x lokalita x HTS / cultivar x location x TKW 111 b o b * b b
odrGda x rok x HTS / cultivar x year x TKW 111 > o i > e i
Odrida / Cultivar 6 n.s.

2 b o n.s. n.s. n.s. n.s.
Lokalita / Location 1 ! n.s. n.s.

2 *kk * n-s- ns *k *k
Rok / Year 2 L

2 el n.s. n.s. bl o n.s.
Interakce: odrida x lokalita / 6 1 * n.s. n.s. n.s. n.s. n.s.
Interaction: cultivar x location 2 n.s. n.s. n.s. n.s. n.s. n.s.
Interakce: odrlida x rok / Interaction: cultivar x year 12 L n.s. n.s. n.s. n.s.

2 n.s. n.s. ** n.s. n.s. n.s.

MS
. - . L. 1 -
Zdroj promeénlivosti / Source of variation df B Cu Fe Zn Mn b3 mll_(ro /
Y micro

odruda x lokalita x HTS / cultivar x location x TKW 101 n.s. b n.s. b n.s. **
odrida x rok x HTS / cultivar x year x TKW 1)1 ** n.s e n.s. o e
Odrada / Cultivar 6 L n.s.

2 *k * * ns * *kk
Lokalita / Location 1 ! n.s

2 * *kk *%k *Kk n's' *kk
Rok / Year 2 ! n.s. n.s.

2 * n.s n.s. b n.s. n.s.
Interakce: odrlida x lokalita / 6 1 bl fl n.s. * * *
Interaction: cultivar x location 2 n.s. n.s. e n.s. n.s. b
Interakce: odrdda x rok / Interaction: cultivar x year 12 ;

*kKk n.S. *kk *kKk *kKk *%k

” —1 =ANOVA, 2 = ANCOVA; * — Py os; ** — Po.o1, *** — Po.0o1
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Obr. 4 Korelace mezi obsahem Zivin a mineralnich latek ve vzorcich zrna odriid jeémene jarniho z lokality Kroméfiz a Zabéice / Fig. 4 Cor-
relations between the content of nutrients and minerals in grain samples of spring barley cultivars from KroméFiz and Zabcice

Neprlkazna byla interakce odriidy s lokalitou pro v§echny mine-
ralni latky, s vyjimkou Fe a ¥ mikro. Vliv odliSné hmotnosti zrna se
vyznamné nepodepsal na proménlivosti indukované ro¢nikovymi
efekty, takze nalezené interakce mezi odridou a péstebnim ro¢nikem
zUstaly beze zmény s vyjimkou miry prikaznosti pro interakci ,od-
rida x rok“0 v obsahu K a Cu. Neprukazné rozdily mezi odrlidami
pro obsah Zn a neprlkazny vliv lokality na obsah K a Ca v zrné a na-
opak prukazné interakce odrudy s roénikem pro obsah vSech sledo-
vanych mikroprvkd se zohlednénim rozdilné HTS nezmeénily.

Interakce roéniku s odrlidou mohou ovliviiovat vybér odrid s po-
zadovanym obsahem nebo vzajemnym pomérem pozadovanych mi-
nerélnich latek, zejména pokud je jejich vySSi obsah v negativnim
vztahu s nutriéné nebo technologicky dllezitymi Zivinami. S ohledem
na zjisténé rozdily v hodnotach Pearsonovych korela¢nich koeficient(
mezi obsahem mineralnich latek a HTS v lokalitich Kromé&fiz a Zab-
¢ice byly pro dal$i hodnocenivzajemnych vztah( pouzity parcialni ko-
relace, ve kterych byla rozdilna HTS zohlednéna jiz v po¢atku vypo-
Ctu.

Vaculova a Balounova [8] zjistily v souboru registrovanych odrid
je¢mene jarniho a pSenice ozimé kladné prukazné korelace mezi ob-
sahem NL a obsahem P, K, Ca a Mg. Ve sledovaném souboru odrud
jeEmene jarniho byly pro obé lokality nalezeny obdobné vztahy jen
mezi obsahem Mg a NL. Obecné byly vSechny korelace mezi obsa-
hem makroprvk( a sledovanych Zivin, vypocétené pro vzorky z loka-
lity KroméFiz, slabsi a nékdy i opacné (zejména mezi vapnikem, dras-
likem a obsahem NL a krobu) nez v pfipadé lokality Zabgice (obr. 4).

Je mozné, ze existujici rozdily mohou souviset nejen s odliSnym
pribéhem akumulace Zivin a mineralnich latek v zrné v disledku kli-
matickych odliSnosti obou lokalit, ale také s dostupnosti a zasobou
zivin v padé. Zejména v pripadé obsahu Ca, kdy diference mezi
obéma lokalitami dosahovaly az dvojnasobku (viz tab. 7).

| kdyz pouzity zplisob vypoétu pomoci parcialnich korelaci zmen-
Sil diference mezi hodnotami korelac¢nich koeficientll z obou lokalit,
shodné vysledky byly nalezeny jen pro nékteré vztahy. Pfi selekci od-
rid nebo obecné materidll jeémene s pozadovanym obsahem a po-
mérem mineralnich latek a zivin v zrné miize byt ur€itym problémem
silnad statisticky vyznamna negativni korelace mezi obsahem Mg
a 8krobu (r = —0,54** az —0,72**), stejné tak jako kladny vztah s ob-
sahem vlakniny (r = 0,24 — 0,38*) a Ca (r = 0,23 — 0,78**). V souladu
s nasimi pfedchozimi vysledky i poznatky zahrani¢nich autor( [8, 26]

uation of interrelationships where different TKW was included from
the beginning of calculations.

Vaculova and Balounova [8] found positive significant correlations
between the content of NS and the content of P, K, Ca and Mg in
a set of registered cultivars of spring barley and winter wheat. In the
set of spring barley examined, similar correlations were calculated
for both locations between the content of Mg and NS only. In general,
all correlations between the content of macroelements and the nu-
trients examined, calculated for samples from Kromériz, were weaker
and sometimes even opposite (especially between Ca, K and the con-
tent of NS and starch) in comparison with those from Zabg&ice (Fig.
4). It is possible that the existing differences can be related not only
to a different course of the accumulation of nutrients and minerals in
grain due to climatic distinctions of both locations, but as well as to
nutrient availability and supply in the soil, especially in the case of
Ca content, when the difference between the two locations was dou-
ble (see Tab.1).

Though the method of calculation using partial correlations de-
creased differences among values of correlation coefficients from
both locations, consistent results were assessed for some relation-
ships only. At selecting cultivars, or barley materials in general, with
desired content and ratio of minerals and nutrients in grain, a strong
significant negative correlation between the content of Mg and starch
(r=-0.54"* to -0.72**) as well as a positive correlation with the fibre
content (r = 0.24—0.38*) and Ca (r = 0.23-0.78**) could be a prob-
lem. In accordance with our preliminary results and findings reported
by foreign authors [8, 26], an unfavourable significant negative cor-
relation between Zn content and starch content, and conversely,
a positive correlation of this microelement with NS content (r = 0.50**
— 0.77**) were confirmed. In contrast, a weak and insignificant cor-
relation between Fe or Mn content in grain and NS content was found
for both locations.

4 CONCLUSIONS

The content of nutrients, minerals and heavy metals examined was
considerably affected by all factors, i.e. spring barley cultivar, loca-
tion and weather conditions during the year. The content of minerals
was significantly influenced by grain weight. Significant differences in
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byla potvrzena i nepfizniva prikazna negativni korelace obsahu Zn
s obsahem skrobu a naopak kladny vztah tohoto mikroprvku k ob-
sahu NL (r = 0,50 — 0,77**). Na obou lokalitach byla naopak slaba
a neprlikazna korelace mezi koncentraci Fe nebo Mn v zrné a ob-
sahem NL.

4 ZAVER

Obsah sledovanych zivin, mineralnich latek a téZzkych kovu byl vy-
znamné ovlivnén v8emi faktory, tedy odriidou jeémene jarniho, pés-
tebni lokalitou a pribéhem pocasi v roéniku. Na obsah mineralnich
latek méla prikazny vliv hmotnost zrna. Vyznamné diference v hmot-
nosti zrna (HTS) byly zjistény mezi lokalitami Kromé&Fiz a Zabgice
a mezi rokem 2007 a ro€niky 2005 a 2008. Zohlednéni efektu hmot-
nosti zrna se projevilo zejména ve snizeni zjisténé miry prikaznosti
vlivu odridy u obsahu makroprvkl K, Ca i Mg a interakce lokality
s odridou u vS§ech makroprvkd a mikroprvkd, s vyjimkou obsahu Fe.
Mezi odridami byla zjisténa priikazna diference v akumulaci obsahu
P, B, Cu, Fe a poméru Ca:Mg. Z hlediska pozadavk(l na obsah vy-
branych makroprvk( a mikroprvk( pro spravny rist, vyvoj a fermen-
taéni aktivitu pivovarskych kvasinek se jako nejlep$i jevily odridy
Amulet a Prestige, k odriidam s nizkym obsahem vSech makroprvku
patfil Bojos a nejslabsi akumulaci mikroprvkd se vyznacovala odrida
Sebastian. Vy$Si koncentrace nékterych pozadovanych mineralnich
latek v zrné muze byt spojena se zvySovanim obsahu N-latek a po-
dilu vlidkniny (resp. pluch) a naopak se snizovanim obsahu Skrobu.
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