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Cerkal, R. — Hrivna, L. — Ryant, P. — Prokes, J. — Brezinova Belcredi, N. — Vejrazka, K. — Michnova, M. — Gregor, T.: Zinek — vliv na
rast rostlin a korenti jeémene, technologickou kvalitu zrna a kvaseni sladiny. Kvasny Prum. 56, 2010, ¢. 3, s. 152—159.

V letech 2005—2008 byl sledovan vliv listové aplikace zinku (0,5 kg.ha' v DC 31 a 55 ve formé hnojiva Zinran s obsahem siranu a oxidu
zine¢natého — 19,8 a 52,3 %) na velikost kofenového systému rostlin (méfena jeho elektricka kapacita v DC 23 a 57), vynos a kvalitu
zrna a prubéh kvasdeni sladiny u Sesti odriid jeémene jarniho (Bojos, Jersey, Kompakt, Malz, Sebastian, Tolar). V pusobeni zinku na roz-
voj kofenového systému se prokazaly odriidové diference. Vynos zrna se po aplikaci zvysil v priméru o 3 %, vzrostl podil pfepadu zrna
na sité 2,5 mm (0 9 %) a hmotnost tisice zrn (o témer 2 %). Aplikace zinku vedla k vySsi syntéze Skrobu v zrnu, hodnoty obsahu ex-
traktu narostly o 0,3-0,5 %. Po oSetfeni porostu zine¢natym hnojivem se zvysil obsah nativniho obsahu zinku v zrnu 0 3—11 %. Vyno-
sem zrna je¢mene bylo primérné odcerpano 143 g.ha zinku (od 126 g.ha' — Kompakt do 159 g.ha' — Bojos). Vyssi odbér zinku byl
zaznamenan u porostl po foliarni aplikaci zine¢natého hnojiva (o 10-17 %). Byla prokazana negativni korelace obsahu zinku s obsa-
hem N latek v zrnu (od r = —0,274 do —0,525**) a pozitivni vztah tohoto mikroelementu s obsahem $krobu (r = 0,014 az 0,367*). Pozi-
tivni zavislosti byly zjiStény ve vztahu obsahu zinku a friability (r = 0,329*-0,691***), resp. USJ (r = 0,274—-0,603***), negativni naopak
k obsahu B-glukanud v zrnu (r = —0,265 az —0,521**). U variant hnojenych zinkem byly prokazany rychlejsi procesy fermentace sladiny
v prvnich 24 hodinach (o 1-1,5 %), na vysledné hloubce prokvaseni se tato skutec¢nost neprojevila (diference mezi kontrolni a oSetre-
nymi variantami byla 0,1 %).

Cerkal, R. — Hrivna, L. — Ryant, P. — Prokes, J. — Brezinova Belcredi, N. — Vejrazka, K. — Michnova, M. — Gregor, T.: Zinc — effect
on the spring barley’s plant and roots growth, grain technological quality, and yeast fermentation. Kvasny Prum. 56, 2010, No.
3, p. 152—159.

In 2005—2008, the effect of zinc foliar application (0.5 kg.ha™' in DC 31 and 55 growth stage in the form of the Zinran fertilizer con-
taining sulphate and zinc oxide — 19.8 and 52.3 %) on the size of the plants root system (its electric capacity in DC 23 and 57 was mea-
sured), the yield and quality of grain, and the course of the sweet wort fermentation process of six spring barley varieties (Bojos, Jer-
sey, Kompakt, Malz, Sebastian, Tolar) was studied. Varietal differences were found in regard to the impact of zinc on the root system
development. The grain yield rose by 3% on average after zinc application and so did grain over sieve 2.5 mm (by 9%) and weight of
thousand grains (by almost 2%). Zinc application led to a higher starch synthesis in the grain, the extract content values increased by
0.3-0.5%. After the zinc fertilizer treatment, the native zinc content in grain increased by 3—11%. On average, 143 g.ha* was taken up
by the grain yield (from 126 g.ha' — Kompakt to 159 g.ha' — Bojos), a higher uptake was observed in stands after a foliar application of
zinc fertilizer (by 10-17%). A negative correlation between the zinc content and N substances in grain (ranging from r = —0.274 to —0.525**)
was proved, and a positive correlation between this microelement and the starch content (r = 0.014 up to 0.367*) was confirmed, too.
Positive correlations between the zinc content and friability (r = 0.329*—-0.691***), and MQI (r = 0.274—0.603***), were found, while neg-
ative ones were established between the zinc content and $-glucans content in grain (r = —0.265 to —0.521**). Faster sweet wort fer-
mentation processes during the first 24 hours were found in variants treated by zinc (by 1-1.5%), however, this fact was not reflected in
the resultant depth of fermentation (differences between the control and the treated variants were 0.1%).

Cerkal, R. - Hrivna, L. — Ryant, P. — Prokes, J. — Brezinova Belcredi, N. — Vejrazka, K. — Michnova, M. — Gregor, T.: Zink — Einfluss
auf Pflanzern- und Wurzelwachstum und auf die technologische Kornqualitdt und Wiirzegérung. Kvasny Prum. 56, 2010, Nr. 3,
S. 152—-159.

Im Zeitraum 2005-2008 wurde auf sechs (Bojos, Jersey, Kompakt, Malz, Sebastian, Tolar) der Einfluss einer Blattapplikation vom Zink
(0,5 kg.ha' in DC 31 a 55 als Diingemittel ,.Zinran“ mit dem Gehalt an Zinkvitriol und Zinkoxid — 19,8 und 52,3 %) auf die GréBe des Wur-
zelsystems der Pflanzen (seine elektrische Kapazitdt gemessen in DC 23 und 57), weiterhin auf den Ertrag und Qualitat des Kornes und
auf den Verlauf des Garungsprozesses verfolgt. Durch die Zinkzugabe sind die Gerstensortenunterschiede erschienen worden, nach der
Dingung erhéhte sich der Ertrag des Kornes im Durchschnitt um 3%, Korniibergang auf dem Sieb 2,5 mm um 9% und das Tausend-
kdérnergewicht um fast 2%. Die Zinkzugabe verursachte eine hohere Starkesynthese im Korn, Extraktgehalt stieg um 0,3 — 0,5%. Nach der
Behandlung des Pflanzenbestands durch zinkhaltiges Diingemittel hat sich der Gehalt an nativem Zink im Korn im Durchschnitt um 3—11%
erhoht. Durch Kornertrag wurde durchschnittlich 143 g.ha™ Zink aus dem Feld entzogen (Gerstensorte Kompakt etwa 126 g.ha™', Ger-
stensorte Bojos 159 g.ha). Eine héhere Zinkabnahme (von 10% bis zu 17%) wurde bei dem Pflanzenbestand nach Folienapplikation des
Dungemittels registriert. Weiterhin wurde eine negative Korrelation zwischen dem Zinkgehalt mit N — Stoffen im Korn (von r = —-0,274 bis
zu —0,525**) und eine positive Beziehung dieses Mikroelements mit dem Gehalt an Starke (von r = 0,014 bis zu —0,367%). In der Bezie-
hung zwischen dem Gehalt an Zink und der Friabilitdt wurde eine positive Abhangigkeit (r = 0,329* — 0,691***) resp. USJ (r = 0,274 —
0,603***) und im Gegenteil in der Beziehung zwischen dem Gehalt an Zink und dem Gehalt an B-Glukanen im Korn eine negative Ab-
hangigkeit (r = —0,265 bis zu —0,521**) gefunden. Die Garungsgeschwindigkeit der Wiirze aus dem Malz, hergestelltem aus den mit Zink
gediingten Gerstensorten, wurde in dem Zeitraum (0—24 Stunden) um 1-1,5 % schnellere, aber der Endvergérungsgrad der Versuchs-
und Kontrollwirze wurde fast derselbe (0,1%).
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1 UvoD

Zinek jako esencialni mikrozivina hraje vyznamnou roli v bioche-
mickych procesech u v8ech Zivych organisma. Deficit zinku je v sou-
Casnosti povazovan za vyznamny rizikovy faktor pro lidské zdravi [1].
Nedostatek zinku ve vyZivé je Uzce spojen s jeho deficitem v plidach
a nasledné v rostlinach [2]. Mobilita zinku a jeho dostupnost pro rost-
liny vyrazné klesa s naristem hodnot pH a obsahu vapniku a fosforu
v pldé [3]. V Ceské republice je diky této skute¢nosti odhadovan de-
ficit zinku v produkénich oblastech az na 15 % pud. Pro Uspésny rlst
a vyvoj jeEmene (Hordeum vulgare L.) a pro ziskani pozadovaného
vynosu odpovidajici sladafské kvality je nezbytné dosahnout optimaini
koncentrace zinku v rostlinach. Byla v8ak zjisténa znacna geneticka
variabilita v ucinnosti a efektivité vyuziti zinku rostlinami [4]. Deficit
zinku u rostlin jeCmene je pricinou inhibice fotosyntetické aktivity, je
nabourana syntéza ristovych hormonu a tim dochazi k poklesu pro-
dukce fytomasy [5]. Vyznamnou ulohu hraje i v regulaci syntézy
Skrobu, rozvoji kofenového systému rostlin a mechanismech odolnosti
rostlin proti nizkym teplotdm. Zinek je také klicovym elementem s vli-
vem na aktivitu kvasinek pfi fermentaci mladiny. Zinkem deficitni meé-
dia pomalu nebo nekompletné prokvasuji, coz pfinasi znac¢né pro-
blémy v pivovarském pramyslu [6]. V zemédélské a zpracovatelské
praxi je pouzivano nékolik zplsobu ,obohacovani‘ zinkem: Slechténi
rostlin, hnojeni, pfidavek zine¢natych soli do mladiny apod. [3].

Cilem této studie je zhodnotit efektivni zplsob vedouci k dosazeni
vysokého vynosu i technologické kvality odrdd jeémene jarniho — fo-
liarni aplikaci zinku.

2 MATERIAL A METODY

V letech 2005 az 2008 bylo Sest odrld je¢émene jarniho (Hordeum
vulgare L., tab. 1) foliarné oSetfovano hnojivem Zinran (v davce
1 kg.ha'; celkem 50 % zinku ve formé siranu a oxidu zine¢natého —
19,8 a 52,3 %; 4,7 % S) ve dvou rustovych fazich DC 31 (Z1) a DC
55 (Z2). Blokovy pokus se tfemi opakovanimi byl realizovan na loka-
lité Zabcice (179 m n. m., N49°01’ E16°36’). Velikost kofenového
systému (VKS) byla hodnocena podle jeho elektrické kapacity (nF)
[7] méfené LCR metrem ELC-131D (frekvence 1 kHz) ve fazi DC 23
a DC 57. Obsah zinku byl sledovan v padé pred setim (tab. 2), po sk-
lizni ve sldamé a v netfidéném zrnu (metodou AAS po mineralizaci
v HNO;+H,0, v mikrovinném systému Milestone Ethos 1 pomoci pfi-
stroje ContrAA 700, Analytic Jena). Byl stanoven vynos zrna (t.ha™,
14% vlhkost), resp. pfepad zrna na sité 2,5 mm, hmotnost tisice zrn
(HTZ v g) [podle metodiky EBC 3.4; 8], obsah N latek (dle Dumase),
Skrobu (dle Ewerse) a extraktu [EBC 4.5.1; 9] v zrnu (%). Mikrosla-
dovani probihalo podle metody pouzivané ve VUPS, a. s. (tab. 3). Vy-
sledky byly zhodnoceny analyzou variance a nasledné Tukey HSD
testem (o = 0,05) v programu STATISTICA 9. Pro vypocet vztahu
mezi znaky byl pouzit Pearson(iv korelaéni koeficient (r).

Tab. 1 Struéna charakteristika odrtid / Brief characteristics of varieties

Keywords: zinc, foliar application, barley, malt, quality

1 INTRODUCTION

Zinc is an essential micronutrient and therefore, plays a key role
during biochemical processes in all living organisms. Zinc deficiency
is presently considered a significant risk factor for human health [1].
Shortage of zinc in nutrition is closely connected to its deficit in soil
and subsequently in plants [2]. Zinc mobility and availability for plants
decreases considerably with the increase of pH values and the cal-
cium and phosphorus content in soil [3]. Due to this fact, it has been
estimated that zinc deficiency in the production localities of the Czech
Republic afflicts up to 15% of soils. For a successful growth and de-
velopment of barley (Hordeum vulgare L.) and for attaining the re-
quired yield of desired malting quality, it is necessary to achieve an
optimal concentration of zinc in plants. However, a considerable ge-
netic variability in the potential and effectiveness of zinc’s utilization
by plants was found [4]. Zinc deficiency in plants causes inhibition of
the photosynthetic activity, the synthesis of growth hormones is
crashed and as a result, a decrease of the phytomass production oc-
curs [5]. Furthermore, zinc plays an important role in the starch syn-
thesis regulation, the root system development, and the mechanisms
of plants resistance to low temperatures. Zinc is also a key element
with the influence on the yeast activity during the sweet wort fer-
mentation process. Zinc deficient media ferment slowly or incom-
pletely, which brings substantial problems for the brewing industry
[6]. In the agricultural and processing practice, several methods of
zinc enrichment have been used: plant breeding, fertilization, addi-
tion of zinc salts into wort etc. [3].

The objective of this study is to evaluate the effective way that leads
to a high yield and a good technological quality of spring barley va-
rieties — the zinc foliar application.

2 MATERIALS AND METHODS

In 2005 to 2008, six spring barley varieties (Hordeum vulgare L.,
Tab. 1) were subjected to a foliar treatment by the Zinran fertilizer
(dose of 1 kg.ha'; 50% zinc in the form of zinc sulphate — 19.8% and
zinc oxide — 52.3%; 4.7% S) in two growth stages DC 31 (Z1) and
DC 55 (Z2). The block experiment with three repetitions was con-
ducted on the Zabcice site (CZ, average altitude 179, N49°01’
E16°36’). The root system size (RSS) was evaluated according to its
electric capacity (nF) [7] measured by LCR meter ELC-131D (fre-
quency 1 kHz) in the DC 23 and DC 57 growth stages. Zinc content
in soil was examined before sowing (7ab. 2) and after harvest in the
straw and unsorted grain (by the AAS method after mineralization in
HNO;+H,0, in the microwave system Milestone Ethos 1 by the means
of the device ContrAA 700, Analytic Jena). Grain yield was deter-
mined (t.ha'', 14% moisture), so were grain over sieve 2.5 mm, weight
of thousand grains (TGW in g) [according to EBC 3.4 methodology;
8], contents of N substances (according to Dumas), starch (accord-

Odrada / Variety usJ/ mal Plvod / Parentage Ceské pivo' / Czech Beer | 2Registrace / Registration
Bojos 5 Madonna / Nordus Ano / Yes 2005
Jersey 5 Apex x Alexis Ne / No 2000
Kompakt 6.5 Galan x KM-A 10 1995
Malz 7 Famin / Scarlett Ano / Yes 2002
Sebastian 7 Lux x Viscosa Ne / No 2005
Tolar 25 HE 4710 / HWS 78267-83 Ano / Yes 1997

Vysvetlivky / Explanatory notes: USJ (Ukazatel sladovnicke jakosti) / MQI (Malting Quality Index), 9 = nejlepsi sladovnicka kvalita / The best quality,
1 = nesladovicka kvalita / Without malting quality. "TEC No 1014/2008 [10]; 2Rok registrace v CR / Year of registration in the Czech Republic.

Tab. 2 Agrochemické vlastnosti pudy / Soil properties of the experimental area

Rok / Year pH/CaCl2 Nmin | P | K | Ca | Mg | Zn
(mg.kg™)
2005 7.32 12.3 138.3 222.2 5853 403.3 1.61
2006 7.28 10.8 121.0 192.5 4917 343.8 1.52
2007 6.91 11.0 68.2 184.5 4156 437.5 1.84
2008 6.80 14.1 46.5 179.5 4271 4456 1.71




KVASNY PRUM.
ro¢. 56 / 2010 — ¢islo 3

15

Zinek — vliv na rist rostlin a korenu jecmene, technologickou kvalitu zrna a kvaseni sladiny

Tab. 3 Technologie laboratorniho sladovani/ Laboratory malting technology

Prubéh sladovani / Malting procedure

Doba trvani; podminky / Hours elapsed; Experimental conditions

Maceni / Steeping |1.den/ 15 day
2.den / 2" day
3.den/ 39 day

4 h pod vodou, 20 h bez vody / 4 h under water, 20 h without water

6 h pod vodou, 18 h bez vody / 6 h under water, 18 h without water

Treti namoceni nebo dokropeni pro dosazeni 45% vlhkosti / The third steeping or
spraying to achieve degree of steeping 45%, Teplota vody a vzduchu byla vzdy 14 °C
| The temperature of the steeping water and air was always 14 °C

Kliceni / Méaceni+kliceni PFi 14 °C, nepfetrzité vétrani, vzorky nebyly dokrapény, jedenkrat denné obraceny
Germination celkem 6 dni/ a kypreny / At 14°C, continuous airing, during germination the samples were not
Steeping+germination sprayed, the samples were turned and loosened once a day
took 6 days in total
Hvozdéni / 1x22 h Predsu$eni / Drying stage — 12 h pfi 55 °C / 12 h at 55 °C
Kilning Vyhtati / Warming — 6 h z 55 °C na 80 °C / 6 h from 55 °C to 80 °C

Dotahovani / Curing — 4 h pfi 80 °C / 4 h at 80 °C

Cisténi sladu /
Malt cleaning

Odkliceni / Rootlet fraction attached to the kilned malt was removed

Tab. 4 Pribéh pocasi (primérna teplota — T a Uhrn srazek — R) na lokalité Zabgice v letech 2005-2008 / Weather conditions (average tem-
perature — T and precipitation — P) on the Zabcice locality in 2005-2008

Rok / Year Brezen March Duben April Kvéten May Cerven June | Cervenec| July
TCC) | P(mm) | T(C) | Pmm) | T(C) | Pmm) | T(C) | P(mm) | T(C) | P(mm)

2005 2.6 5.8 11.0 49.5 15.0 66.8 17.9 46.2¢ 19.9 103.1

2006 1.9 46.2 111 50.5 14.7 75.3 18.7 71.4 22.6 78.4

2007 71 80.8 12.2 4.4* 16.7 24.8* 20.3 71.7 20.9 31.6*

2008 4.8 32.9 10.1 29.3* 15.4 53.5 19.8 19.6* 20.4 49.9*

* Srazkové deficitni obdobi / Precipitation deficient period
3 VYSLEDKY A DISKUSE

3.1 Vliv zinku na rast rostlin, kofeni a strukturu vynosu
jeémene jarniho

Deficit zinku je u polnich plodin pomérné rozsifeny. Na rostlinach
je€mene se projevuje zejména u mladych ¢asti vytvafenim Uzkych,
drobnych, ¢asto chlorotickych listli a zkracovanim internodii. Zapo-
jenizinku do metabolismu aminokyselin a bilkovin bezprostfedné sou-
visi s produkci fytomasy a syntézou rlstovych hormont. Jako akti-
vator syntézy tryptofanu nepfimo ovliviuje tvorbu auxint. Obecné je
znamy mechanismus pusobeni auxind na rustove stimulaéni procesy
u rostlin. Efekt optimalniho zasobeni rostlin jeémene jarniho zinkem
v priibéhu vegetace je proto mozné hodnotit i v souvislosti se synté-
zou endogennich auxinG a jejich pozitivnim u¢inkem na rozvoj ko-
fen(. Pravé kofenovy systém, resp. jeho mohutnost a aktivita, jsou
Casto povazovany za nejslab&i misto produkéniho procesu je€mene
jarniho.

V ramci aktivity Vyzkumného centra byl sledovan efekt aplikace
zinku v rustové fazi DC 31 na VKS v pribéhu vegetace. V sortimentu
sledovanych odrid se nachazely odridy s rozdilnou VKS. Pro po-
rovnani jejich vykonu ve vztahu k VKS bylo uréeno poradi odrid v kaz-
dém ro¢niku a poradi celkové (tab. 5, 6). Prumérné nejvyssi vynos
dosahovala odrlida Sebastian (az o 10 %), ktera vSak patfila k od-
riidam s obecné mensim kofenovym systémem. Vysoky vynos byl
také zjistén u odrdy Bojos, u které byla namérena relativné nizka
tén u odriid Malz a Kompakt, které byly fazeny mezi odrudy s pri-
mérnym kofenovym systémem. Nizky vynos odrid mUze souviset
napt. s nizkou kompenzaéni schopnosti ve stresovych podminkéch
[11], na druhé strané Ize usuzovat na vysokou plasticitu téchto od-

ing to Ewers) and extract [EBC 4.5.1; 9] in grain (%). Micromalting
was carried out according to the method used in Research Institute
of Brewing and Malting, Plc. (Tab. 3). The results were evaluated by
the analysis of variance and then by the Tukey HSD test (o = 0.05)
in the STATISTICA 9 programme. The Pearson’s correlation coeffi-
cient (r) was used for calculation of correlations between the char-
acteristics.

3 RESULTS AND DISCUSSION

3.1 Effect of zinc on the growth of plants and roots, and on the
structure of the spring barley yield

Zinc deficiency is quite common in field crops. It shows mainly on
young parts of barley plant by formation of narrow, small, often
chlorotic leaves and by shortening of the internodia. Participation of
zinc in the metabolism of aminoacids and proteins is directly con-
nected to the phytomass production and the growth hormones syn-
thesis. As an activator of the synthesis of tryptophan, zinc indirectly
impacts auxins production. The mechanism of auxins effect on the
growth-stimulating processes in plants is generally acknowledged.
Therefore, the effect of optimal zinc supply in spring barley plants
during vegetation can be evaluated in regard to the synthesis of en-
dogenous auxins and their positive influence on roots development.
The root system in particular, mainly its robustness and activity, is of-
ten considered the weakest area of the spring barley production pro-
cess.

Within the scope of the Research Centre’s activities, the effect of
zinc application in the DC 31 growth stage on RSS during vegetation
was evaluated. There were varieties with dissimilar RSS in the stud-

Tab. 5 Efekt foliarni aplikace zinku (v DC 31) na prdmérnou velikost kofenového systému rostlin jeémene jarniho (v DC 57) v letech
2005-2008 / Effect of zinc foliar application (in DC 31) on root size system of spring barley (in DC 57) in 2005-2008

Odruada / Variety DC 23 DC 57
Rustova faze / Kontrola / Control Z1
Growth stage Potadi / Order VKS / RSS Potadi / Order VKS / RSS Poradi / Order VKS / RSS
Bojos 4 1.59 1 1.85 1 1.43
Jersey 2 1.72 2 1.74 2-3 1.44
Kompakt 5 1.62 5 1.41 4 1.46
Malz 1 1.83 3 1.62 2-3 1.46
Sebastian 3 1.65 4 1.59 6 1.21
Tolar 6 1.54 6 1.40 5 1.18

Pozn./ Note: Z1 — foliarni aplikace zinku ve fazi DC 31 / Foliar zinc application in DC 31 growth stage; VKS — velikost kofenového systému (v nF) / RSS

— root system size (nF)
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Tab. 6 Primérny vynos zrna jednotlivych odrid (t.ha) v letech 2005-2008 / Average yield of individual varieties of the spring barley grain

(tha™) in 2005-2008

2005 2006 2007 2008 Celk. poradi /
Odrada/ Variety | Pram./ | Poradi/ | Prdm./ | Poradi/ | Pram./ | Poradi/ | Prim./ | Poradi/ Total order
Mean Order Mean Order Mean Order Mean Order
Bojos 8.58b 3 5.75a 3 3.09a 1 6.98a 2 2
Jersey 7.62d 6 5.09b 6 3.07a 2 6.95a 3 4
Kompakt 8.66b 2 5.32ab 5 2.57¢c 6 6.34b 5 5
Malz 7.90dc 5 5.37ab 4 2.67c 5 6.18b 6 6
Sebastian 9.55a 1 5.91a 1 2.97ab 3 7.18a 1 1
Tolar 8.48bc 4 5.79a 2 2.73cb 4 6.39b 4 3
Prim./ Mean 8.46 5.54 2.85 6.67

Pozn. / Note: Mezi priméry, které jsou oznaceny stejnymi pismeny (v ramci sloupce), nejsou statisticky priikazné rozdily (P = 0,05) / Mean values
marked in the same column by the same superscripted letter did not differ significantly (P = 0.05).

rid. Relativné nejslabsi kofenovy systém meéla odriida Tolar. Efekt
zinku aplikovaného ve fazi DC 31 na rozvoj kofenového systému ne-
byl jednoznaény a vyraznéji se projevil pouze u odriidy Kompakt. Ta
se diky oSetfeni zine€natym hnojivem zaradila ve fazi DC 57 mezi
odrlidy s primérnou VKS. Bylo tak potvrzeno, Ze pfi rozvoji kofeno-
vého systému rostlin sehrava vyznamnou roli geneticky faktor [12],
v nasem pfipadé predstavoval podil odriidy na proménlivosti hodnot
VKS 4-16 % [13].

Na rozdil od kofenového systému plisobila aplikace zinku na tvorbu
vynosu zrna i na jeho celkovou vysi pFiznivéji. Trend narlstu vynosu
fazi (DC 31; obr. 2). To vSak neplatilo v extrémné suchém roce 2007
(tab. 4) s obecné nizkou vynosovou hladinou. Konkrétné doslo po apli-
kacich zinku ke zvySeni vynosu odrtd v priméru let o vice nez 3 %
(vDC 31 03,7avDC 550 2,9 %). Z vynosotvornych prvkl na oset-
feni zine¢natym hnojivem pozitivné reagovala HTZ (primérnym zvy-
$enim o 1,7 %), pocet klasli na jednotku plochy se po aplikaci zinku
statisticky neprikazné snizil (v prdméru let o 7 %, obr. 1).V dlsledku
kompenzacéniho efektu se podafilo dosahnout i vy$si celkové vytéz-
nosti pfepadu zrna na sité 2,5 mm (v priméru let o témér 9 %; obr. 2).

Aplikace zinku se odrazila v jeho zvy$eném obsahu v netfidéném
zrnu i ve sldamé. Obsah zinku v susiné zrna se timto opatfenim zvy-
il v priméru o 3—11 %. Vyrazné vys$si kumulace zinku probihala ve
slamé, namérené koncentrace byly ale pfiblizné 2x az 3x niz8i nez
v zrnu (od 6 do 13 mg.kg™'; obr. 3). K nejvyssi akumulaci zinku v zrnu
dochézelo u odrid Tolar a Bojos (v priméru o 7 %), ve slamé dosa-
hoval zinek nejvyssi koncentrace také u Tolaru, ale i u Kompaktu (v
priiméru o 9, resp. 7 %). Vynosem zrna jeémene bylo primérné od-

ied assortment of varieties. An order of varieties for each year as well
as the total order (Tab. 5, 6) were determined to compare varieties
performances in relation to RSS. On average, the Sebastian variety
achieved the highest yield (by up to 10%), although it belonged to va-
rieties with a generally smaller root system. A high yield was also
found in Bojos that had a relatively low RSS in DC 23, but the high-
est in DC 57. The lowest average yield was established in the Malz
and Kompakt varieties that were classified as having an average root
system. A low grain yield may be related to e.g. a variety’s low abil-
ity to compensate for stress conditions [11], on the other hand, one
can conclude that these varieties have a high plasticity. The Tolar va-
riety had the relatively weakest root system. The effect of zinc ap-
plied in the DC 31 stage on the root system development was dubi-
ous, it was more evident only in the case of the Kompakt variety.
Kompakt classified as a variety with an average RSS in the DC 57
stage thanks to the zinc fertilizer treatment. Thereby it was confirmed
that the genetic factor is important for the root system development
[12], in our case, the share of the variety on the variability of RSS
values represented 4-16% [13].

The grain yield formation and the total yield height were more pos-
itively influenced by the zinc application than the root system. The
yield increase trend was observed in variants where zinc had been
applied in an earlier growth stage (DC 31; Fig. 2). However, this was
not the case in the extremely dry year 2007 (Tab. 4) with a generally
low yield level. After the zinc application, the varieties yield rose by
more than 3% on average (in DC 31 by 3.7 and in DC 55 by 2.9 %).
TGW was one of the yield-formative parameters that reacted posi-
tively to the zinc fertilizer treatment (average increase by 1.7%), num-

Obr. 1 Primérné hodnoty poctu klast na m? a HTZ je€émene jarniho v jednotlivych letech po aplikaci zine€natého hnojiva Zinran / Fig. 1 Ave-
rage values of number of spikes per m?> and TGW of the spring barley in individual years after Zinran fertilizer application
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Obr. 2 Primérny hospodarsky vynos a vynos pfedniho zrna po o$etfeni porostu zineénatym hnojivem Zinran / Fig. 2 Average yield and yi-

eld of grain over 2.5 mm after Zinran fertilizer treatment
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Pozn. / Notice: Z1, Z2 — foliarni aplikace zinku ve fazi DC 31 a DC 55 / Foliar zinc application in DC 31 and DC 55 growth stages, K — kon-
trolni varianta bez aplikace zinku / Control variant without zinc application; Sloupce predstavuji vynos pfedniho zrna a celkovy vynos / Co-
lumns represent yield of grain over 2.5 mm and total grain yield; Mezi sloupci, které jsou oznaceny stejnymi pismeny, nejsou statisticky pri-
kazné rozdily (P = 0,05) / Columns marked by the same letter did not differ significantly (P = 0.05).

Cerpano 143 g.ha (obr. 4). V jednotlivych letech pfitom spotieba
zinku znaéné kolisala a dosahovala v zavislosti na odridé a terminu
aplikace zine¢natého hnojiva rozpéti od 66 do 208 g.ha'. NejvysSim
pakt (126 g.ha™). Vyssi odbér byl zaznamenan u porostd po foliarni
aplikaci zine€¢natého hnojiva (0 10-17 %). Podrobnéji je transport
zinku z rostlin je€mene do zrna/sladu/sladiny popisovan v praci au-
torl Cerkal et al. [14].

3.2 Vliv zinku na kvalitu zrna

Rlzné pudni podminky, technologie péstovani i pouzivané odridy
je€mene se obecné odrazeji v rozdilnych koncentracich mikroele-
mentd v zrnu. To mize vyznamnym zpUsobem ovlivnit jeho nutriéni
i technologickou kvalitu [15] a nasledné zpUsobit problémy pfi jeho
zpracovani. Pro pivovarsky primysl je zpravidla limitujici obsah zinku
ve sladu, ktery koresponduje s jeho pfijmem, utilizaci a redistribuci
v ramci rostliny a transportem do zrna [16, 17]. Jak jiz bylo uvedeno,
aplikace zine¢natého hnojiva pozitivné ovlivnila mechanické vlast-
nosti, tedy HTZ a pfepad zrna na sité 2,5 mm. Naproti tomu hodnoty
nejsledovanéjsich ukazatell jakosti zrna — dusikatych latek a $krobu
ovlivnény nebyly (obr. 5). V pfipadé obou parametrl se vzdy uplatnil
dominantni vliv ro¢niku a potvrdil se také jejich vzajemny negativni
vztah. Vliv ro¢niku byl potvrzen také na hodnotach extraktu, jehoz
podstatnou ¢ast tvofipraveé produkty enzymatického rozkladu Skrobu.
V ramci pokusné série se ale podafrilo prokazat (zejména diky pfiz-
nivému pusobeni zine¢natého hnojiva v roce 2005) pozitivni vliv apli-
kace zinku na vytéznost extraktu sladu (obr. 6), ktery vzrostl v pra-
méru o 0,3-0,5 %. S vy$$im obsahem extraktu narlistala variabilita
hodnot a rozSifovaly se intervaly jejich rozpéti. Vyznamnym faktorem
proménlivosti hodnot extraktu ve sladu byly odridy. Primérné nej-
vice extraktu poskytovala odriida Malz (82,2 %), nejméné odriida To-
lar (80,8 %). Primérné hodnoty extraktu (81,6 %) odriid doporuce-
nych k vyrobé Ceského piva [10] se pohybovaly pod primérem

ber of spikes per area unit statistically insignificantly decreased after
the zinc application (average of years — by 7%, Fig. 1). A higher to-
tal yield of grain over 2.5 mm was achieved as a result of the com-
pensation effect (average of years — by almost 9%; Fig. 2).

Zinc application was reflected in the higher zinc content in the un-
sorted grain and straw. Zinc content in the grain’s dry matter rose by
3-11 % on average as a result of the treatment. There was a dis-
tinctly higher zinc accumulation in the straw, however, the measured
concentrations were approximately 2 to 3 times lower than those in
the grain (by 6 to 13 mg.kg™'; Fig. 3). The highest zinc accumulation
was found in the Tolar and Bojos varieties (by 7 % on average), the
straw had the highest zinc concentration in Tolar but also in Kompakt
(by 9 and 7% on average). On average 143 g.ha' was taken up by
the barley grain yield (Fig. 4). Nevertheless, the zinc consumption
fluctuated considerably during each year ranging between 66 to
208 g.ha' depending on the variety and the term of the zinc fertilizer
application. The highest zinc uptake was found in Bojos (159 g.ha™),
the lowest in Kompakt (126 g.ha™'), a higher uptake was observed in
stands that had been foliarly-treated with the zinc fertilizer (by
10-17%). A more detailed description of zinc transport from plants
to the grain/malt/sweet wort has been described by authors Cerkal
et al. 2009 [14].

3.2 Impact of zinc on grain quality

In general, varied soil conditions, technologies of growing, and bar-
ley varieties are reflected in the differences in concentrations of mi-
croelements in grain. This may considerably influence the grain’s nu-
tritional and technological quality [15] and as a result, it may cause
problems during its processing. The zinc content in malt, which cor-
responds with its uptake, utilization, and redistribution within the plant
and the transport into the grain, is usually a limiting factor for the
brewery industry [16, 17]. As stated above, the zinc fertilizer appli-
cation positively influenced the mechanical parameters, e.t. TGW and
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Obr. 3 Hodnoty obsahu zinku (mg.kg) v netfidéném zrnu a slameé
jednotlivych odrtd jeémene jarniho v zavislosti na rlistové fazi apli-
kace zinku (primér let 2005-2008) / Fig. 3 Average values of zinc
content [mg.kg''] in unsorted grain and straw of spring barley varie-
ties in dependence on the growth stage in which zinc was applied
(average of years 2005-2008)
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Pozn. / Notice: Z1, Z2 — foliarni aplikace zinku ve fazi DC 31 a DC
55 / Foliar zinc application in DC 31 and DC 55 growth stages; z —
netfidéné zrno / unsorted grain, s — slama / straw.

Obr. 4 Celkovy odbér zinku vynosem zrna jemene jarniho v zavis-
losti na odridé a terminu aplikace zine¢natého hnojiva (priimér let
2005-2008) / Fig. 4 Total zinc uptake by yield of spring barley in de-
pendence on the variety and term of zinc fertilizer application (ave-
rage of years 2005-2008)
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Pozn. / Note: Z1, Z2 — foliarni aplikace zinku ve fazi DC 31 a DC 55
/ Foliar zinc application in DC 31 and DC 55 growth stages, K — kon-
trolni varianta bez aplikace / Control variant without zinc application;
Mezi sloupci, které jsou oznaceny stejnymi pismeny, nejsou statis-
ticky prakazné diference (P = 0,05) / Columns marked by the same
letter did not differ significantly (P = 0.05)

Obr. 5 Obsah skrobu a dusikatych latek ve tfidéném zrnu jemene po o$etieni porostu zineCnatym hnojivem Zinran v jednotlivych letech na
lokalité Zabgice / Fig. 5 Starch and protein content in barley grain after Zinran fertilizer treatment on the Zabcice site in individual years
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Pozn./ Note: Z1, Z2 — zinek aplikovan foliarné ve fazi DC 31 a DC 55 / Zinc applied in DC 31 and DC 55 growth stages, K — kontrolni vari-
anta / Control variant without zinc foliar application; Usecky predstavuji smérodatné odchylky, prisecik je primérna hodnota sledovanych
znakU / Vectors represent standard deviations, the point of intersection is the mean value of the studied parameters.

souboru odriid (81,8 %), zatimco skupina ostatnich odriid poskyto-
vala extrakty vy3si (81,9 %).

Hodnoceni dat regresni analyzou potvrdilo nékteré obecné znameé
vztahy mezi sledovanymi znaky, jiné vztahy se naopak ukazaly od-
lisné (obr. 7). U vSech odrld byla prokazana negativni korelace ob-
sahu zinku s obsahem N latek v zrnu (od r = -0,274 do —0,525**),

grain over 2.5 mm sieve. On the contrary, the values of the most im-
portant grain quality parameters — the nitrogenous substances and
starch content were not affected (Fig. 5). In case of both these pa-
rameters, the year factor was predominant and their mutual negative
correlation was confirmed as well. The influence of the year was also
validated for values of the extract, whose considerable part is com-
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Obr. 6 Priimérné hodnoty extraktu ve sladu [%] dosazené u sledo-
vanych odrld a po foliarni aplikaci zine¢natého hnojiva Zinran na lo-
kalité Zabgice v letech 2005-2008 / Fig. 6 Average values of extract
in malt [%] reached by the studied varieties and after Zinran foliar ap-
plication on the Zabcice locality in 2005-2008

Obr. 8 Dosazené stupné prokvaseni sladiny (po 24, 48 a 72 h) v za-
vislosti na odridé a varianté aplikace zine¢natého hnojiva v priméru
let 20052008 / Fig. 8 Attenuation of sweet wort (after 24, 48, and 72
hours) in dependence on the variety and the variant of zinc fertilizer
application in average of years 2005-2008
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Pozn. / Note: Z1, Z2 — zinek aplikovan foliarné ve fazi DC 31 a DC
55 / Zinc applied in DC 31 and DC 55 growth stages, K — kontrolni
varianta / Control variant without zinc foliar application; Boxy jsou
0,25-0,75 kvartily obsahujici median (bila ¢ara) a prameér (kosoCtve-
rec). UseCky vymezuji maximalni a minimalni hodnoty / Boxes are
0.25-0.75 quatrtiles including median (white line) and mean (rhom-
bus). The caps at the end of each box indicate the min and max va-
lues; Mezi priiméry, které jsou oznaceny stejnymi pismeny, nejsou
statisticky prikazné diference (P = 0,05) / Mean values marked by
the same letter did not differ significantly (P = 0.05).

Obr. 7 Korelace mezi obsahem zinku ve tfidéném zrnu a vybranymi
parametry jakosti sladu u odrid jeémene jarniho z lokality Zabgice
(2005-2008) / Fig. 7 Correlations between the zinc content in un-
sorted grain and the selected malt quality parameters of spring bar-
ley from the Zabcice site (2005-2008)
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s vyjimkou odrudy Sebastian pak také pozitivni vztah tohoto mikroe-
lementu s obsahem Skrobu (r = 0,014 az 0,367*). Pro tyto znaky jsou
pfitom popisovany opaéné vztahy [18]. Podobné jako u Skrobu pla-
tily (kromé odrGdy Sebastian) i logické, pozitivni vztahy, mezi obsa-
hem zinku a extraktem (r = 0,036-0,371%). Stfedné silné pozitivni za-
vislosti byly zjistény ve vztahu obsahu zinku a friability (r =
0,329*-0,691***), resp. USJ (r = 0,274-0,603***), negativni naopak
k obsahu p-glukanud v zrnu (r = —0,265 az —0,521**). Z pohledu sla-
darské kvality Ize tedy agrotechnicka opatfeni vedouci ke zvySovani
koncentrace zinku v zrnu hodnotit velmi pozitivné.

Problematikou obsahu prvkl v zrnu u souboru genotypd péstova-
nych v rlznych podminkach se podrobné zabyvala Vaculova et al.
[18].
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Pozn./ Notice: Z1, Z2 — zinek aplikovan foliarné ve fazi DC 31 a DC
55 / Zinc applied in DC 31 and DC 55 growth stages, K — kontrolni
varianta / Control variant without zinc foliar application; Obrazce pfed-
stavuji primeéry, usecky smérodatné odchylky / The figures represent
means, the vectors standard deviations; Mezi praméry, které jsou
oznaceny stejnymi pismeny, nejsou statisticky prikazné diference (P
= 0,05) / Mean values marked by the same letter did not differ signi-
ficantly (P = 0.05).

posed of products of the enzymatic decomposition of starch. Within
the scope of the experimental series, the positive effect of zinc ap-
plication (mainly due to the favourable effect of the zinc fertilizer in
2005) on the yield of the malt extract was proved (Fig. 6) — it rose by
0.3-0.5 % on average. Variability of values increased hand in hand
with the extract content increase and the intervals between the ranges
of values widened. The factor of variety considerably affected the vari-
ability of the extract in malt. On average, the most extract was pro-
vided by the Malz variety (82.2 %), the least by Tolar (80.8 %). Aver-
age extract values (81.6 %) of varieties recommended for the Czech
beer production ranged below the set of varieties (81.8 %), while the
group of other varieties provided higher extracts (81.9 %).

Data evaluation by the regression analysis confirmed some gen-
erally known correlations between the studied characteristics, while
some other correlations turned out to be different (Fig. 7). A negative
correlation between the zinc content and N substances content in
grain was proved in all varieties (from r = —0.274 to —0.525**), and
a positive correlation between this microelement and the starch con-
tent was confirmed in all varieties, too, (r = 0.014 to 0.367*), with the
exception of Sebastian. However, opposite correlations between
these parameters have been described by other authors [18]. Except
for the Sebastian variety, logical positive correlations were found also
between the zinc content and extract (r = 0.036—0.371%). Positive cor-
relations were found between the zinc content and friability (r =
0,329*-0,691***), and MQI (r = 0.274—0.603"**), negative ones were
established between the zinc content and the content of 3-glucans
in grain (r = —0.265 to —0.521**). From the malting quality perspec-
tive, the agrotechnical measures aiming to increase the zinc con-
centration in grain can be viewed as very positive.

The issue of elements content in grain within the set of genotypes
grown under varied conditions was thoroughly researched by Vac-
ulova et al. [18].

3.3 Effect of zinc on the process of sweet wort fermentation

Importance of zinc does not only lie in its participation in the metabolic
processes of the barley plants. The level of zinc concentration in grain
may play a crucial role during fermentative processes in the brewing
utilization of malt. Zinc is vital for cell reproduction and is the co-factor
of alcohol dehydrogenases. At the same time, it is also an element that
is often limited in wort [19]. Zinc shortage causes a slow and incom-
plete fermentation of substrates in the brewing industry [20, 6].
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3.3 Vliv zinku na prabéh kvaseni sladiny

Vyznam zinku nespociva pouze v jeho ucasti na metabolickych pro-
cesech rostlin jeémene. Uroveri jeho koncentrace v zrnu mize hrat
vyznamnou roli v kvasnych procesech pfi pivovarském vyuziti sladu.
Zinek ma vyznam pro reprodukci bunék a je kofaktorem alkoholové
dehydrogenasy. Zaroven je prvkem, ktery je ve sladiné ¢asto limitni
[19]. Jeho nedostatek zplsobuje v pivovarském prdmyslu pomalé
a nekompletni prokvaseni substratd [20, 6].

U variant hnojenych zinkem byly prokézany rychlejsi procesy fer-
mentace v prvnich 24 hodinach. Tuto skute¢nost Ize vysvétlit zvySe-
nou akumulaci zinku uvnitf buriky po inokulaci sladiny kvasinkami[21].
V dlsledku toho probihaji procesy uvnitf buriky se zvySenou rychlo-
sti. Lze sem zahrnout také efekt vétSi prichodnosti latek cytoplazma-
tickou membranou. Zde je pro rychlost fermentace limitujici transport
sacharidu [22] a syntéza bilkovin, kam patfi syntéza enzymu alkohol-
dehydrogenasy [23]. Opacny efekt je pozorovan u sladin s nizkym ob-
sahem zinku, které se v praxi nazyvaji jako ,loudavé®, a v extrémnim
pfipadé muze nastat i pfed¢asna flokulace kvasnic [24]. V dalSich
dnech kvaseni se rychlost stabilizovala a po 72 hodinach kvaseni byla
vysledna hloubka prokvaseni ve srovnani s kontrolnimi variantami
stejnd. Vliv zinku na rychlost kvadeni je podminén fadou faktord, z ni-
chz ¢etné nebyly jesté uspokojivé prozkoumany [6].

4 ZAVER

V ramci ¢tyfletych maloparcelnich pokus, realizovanych v pove-
trnostné odliSnych letech 2005-2008, byl prokazan pozitivni u¢inek
listové aplikace zine¢natého hnojiva na rlst rostlin jeémene jarniho,
vynos zrna i jeho kvalitu. Uvedenym opatfenim se podafilo zvysit na-
tivni hladinu zinku v zrnu, a tim eliminovat znamé problémy s jeho
nedostatkem pfi technologickém zpracovani. Pozitivni korelace mezi
obsahem zinku a obsahem $krobu, resp. extraktu, friabilitou a USJ
jednoznacné ukazuji na vyznam tohoto prvku pro sladafsky a pivo-
varsky primysl a prokazuji vysokou efektivitu mimokorenové aplikace
zine¢natych hnojiv v pribéhu vegetace.
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Faster fermentation processes during the first 24 hours were proved
in variants treated by zinc. This fact can be explained by the higher
zinc accumulation inside the cell after inoculation of sweet wort by
yeast [21]. As a result, the processes inside the cell become faster.
A better patency of substances through the cytoplasmic membrane
can be also included among these effects. In this case, the fermenta-
tion speed is limited by the saccharides transport [22] and protein syn-
thesis, which includes the synthesis of the alcoholdehydrogenesis en-
zyme [23]. The opposite effect has been observed in low zinc content
malts that are sometimes called “sluggish” in practice and in extreme
cases, a premature yeast flocculation may occur [24]. In following days,
the fermentation speed stabilized and after 72 hours, the resultant
depth of fermentation was the same as the one of the control variants.
The effect of zinc on the fermentation speed depends on a range of
factors, many of which have not yet been satisfactorily researched [6].

4 CONCLUSION

In the scope of the four-year small-plot trials carried out under var-
ied weather conditions in 2005-2008, a positive effect of the zinc fer-
tilizer foliar application on the spring barley plants growth, grain yield,
and quality was proved. The native level of zinc in grain increased as
a result of the foliar treatment and subsequently helped eliminate no-
torious problems connected with its shortage during technological
processing. Positive correlations between the zinc and starch con-
tents and the extract, friability and MQI clearly show this element’s
importance for the malting and brewery industries, moreover, they
confirm that non-root zinc fertilizers application during vegetation is
highly effective.
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