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V ramci ¢tyfletych maloparcelnich polnich pokusu byl ovéfovan vliv aplikace dusikatych hnojiv se sirou na vybrané parametry kvality
zrna jeémene a sladu se zamérenim na tvorbu prekurzort dimethylsulfidu (PDMS). Kombinace nizsi davky dusiku (30 kg.ha') se sirou
zvySovala vynos zrna primérné o 0,2-0,34 t.ha™'; u vyssi davky dusiku (50 kg.ha) aplikované spole¢né se sirou narostl vynos v pru-
vytéznosti sladarsky vyuzitelného zrna (92,5-94,2 %), stabilizovala obsah Skrobu v zrnu je€mene, nevedla ke zvySovani obsahu N la-
tek v zrnu a nezvySovala obsah PDMS ve sladu, naopak pfi vy$Sich davkach dusiku je snizovala.

Hfivna, L. — Gregor, T. — Sottnikova, V. — Cerkal, R. — Ryant, P. — Proke$, J. — Radoch, T. — Vavrousova, P.: Role of sulphur in for-
mation of spring barley grain yield, malting quality parameters, and PDMS. Kvasny Prum. 56, 2010, No. 2, p. 69-73.

Within the four-year small plot field trials, the effect of nitrogen fertilizers containing added sulphur on selected quality parameters of
the barley grain and malt was tested. The combination of a lower nitrogen dose (30 kg.ha™') and sulphur increased the grain yield by
0.2-0.34 t.ha" and when the N-dose applied alongside sulphur was higher (50 kg.ha), the grain yield rose by 0.1-0.2 t.ha™'. Positive
impact of sulphur application on the grain quality was confirmed. Sulphur combined with a lower level of nitrogen fertilization contributed
to the highest yield of the malting grain (92.5-94.2%), it also stabilized the starch content in the barley grain. The sulphur addition did
not lead to an immoderate increase of N-substances in the grain; neither did it increase the PDMS content in malt when higher doses
of nitrogen were applied.

Hfivna, L. — Gregor, T. — Sottnikova, V. — Cerkal, R. — Ryant, P. — Proke$, J. — Radoch, T. - Vavrou$ova, P.: Die Rolle des Schwe-
fels auf die Ertragsbildung der Sommergerste, Parameter der Malzqualitdt und PDMS. Kvasny Prum. 56, 2010, Nr. 2, S. 69-73.

Im Rahmen der vierjahrigen Feldversuche auf den kleinen Griindstiicken wurde der Einfluss von Stickstoffdiingerapplikation mit Schwe-
fel auf ausgewahlte Parameter der Gerstenkorn- und Malzqualitat mit Schwerpunkt Bildung von DMS Prekursoren (PDMS) getestet.
Kombination der niedrigeren Stickstoffdosierung mit Schwefel (30 kg.ha') hat den Ernte Korn — Ertrag durchschnittlich um 0,2-0,34 t.ha!
erhoht, bei der héheren Stickstoffdosierung mit Schwefel (50 kg.ha') stieg der Ertrag im Durchschnitt um 0,1-0,2 t.ha'. Der giinstige
Einfluss der Schwefelapplikation auf die Kornqualitét wurde bestatigt. Bei der niedrigeren Stickstoffdiingerung hat der Schwefel zur Er-
héhung des Malzkornertrages (92,5-94,2 %) beigetragen, den Starkegehalt im Gerstenkorn stabilisiert und weder Gehalt an N-Stoffe
im Korn oder Gehalt an PDMS erhéht, im Gegenteil bei héherer Stickstoffdosierung wurden beide Gehalte reduziert.

Kliéova slova: jecmen jarni, sira, PDMS, DMS

1 UVOD

Sira patfi k vyznamnym esencialnim Zivinam a hraje zasadni roli
v rostlinném metabolismu. Jeji nedostatek vede ke snizenivynosu [1]
a negativné ovliviiuje nutriéni a technologickou kvalitu zrna je€émene
jarniho[2, 3]. Se snizovanim atmosférickych vstupia zménami v prak-
tikach hnojeni se zacina vyskytovat deficit siry v pudé [4, 5, 6]. V pfi-
padé jeémene, ktery sklizni odebira pfiblizné 15-25 kg.ha' siry [7],
neni tomuto problému zatim vénovana odpovidajici pozornost [8, 9,
10].

Potfeba siry pro jeCmen je spjata s tvorbou bilkovin a sirnych ami-
nokyselin. Pro dosazeni vy$Si kvality zrna a sladu je doporuéeno [11,
12] aplikovat siru i v pozdéjsich fazich ristu rostlin. To mize snizit
koncentraci dusiku v zrnu a pfiznivé ovlivnit extrakt ve sladu a hod-
notu Kolbachova ¢isla [13, 14]. Sira ma vliv také na kvalitativni para-
metry vyrabéného piva. Za urcitych podminek mohou vznikat slou-
¢eniny ovliviujici nepfiznive jeho senzorickou kvalitu. Patfi k nim napf.
dimethylsulfid (DMS), produkovany v pribéhu sladovani i pfi vyrobé
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1 INTRODUCTION

Sulphur belongs to essential nutrients and plays a key role in
metabolism of plants. Its insufficiency leads to a yield decrease [1]
and negatively influences the nutritional and technological quality of
the spring barley grain [2, 3]. Sulphur deficiency in the soil has be-
gun to occur together with the decrease of atmospheric inputs and
changes in fertilization practices [4, 5, 6]. In the case of barley that
uptakes approximately 15-25 kg.ha™' of sulphur from harvesting [7],
this issue has not been adequately addressed so far [8, 9, 10].

The need of sulphur for barley is connected with the formation of
sulphuric amino acids and proteins. It has been recommended to ap-
ply sulphur even in later grouth phases in order to achieve a better
grain and malt quality [11, 12]. This may lower the nitrogen concen-
tration in the grain and favorably affect the extract in malt and the Kol-
bach index value [13, 14]. Sulphur also influences qualitative param-
eters of the produced beer. Under certain conditions, compounds
negatively influencing the beer’s sensoric quality may be produced.
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piva z jeho prekurzori (PDMS). U svétlych sladi se hodnota DMS
pohybuje v rozmezi 2-15 mg.kg', u tmavych 1-3 mg.kg™' [15].

Hlavnim cilem této studie bylo zhodnotit aplikaci dusikatych hnojiv
a hnojiv se sirou jako efektivnich nastroji k dosazeni optimalniho vy-
nosu a technologické jakosti zrna jeémene s ohledem na produkci
PDMS ve sladu.

2 MATERIAL A METODY

Agrochemické vlastnosti plidy pfed zaloZzenim pokusu jsou uve-
deny v tab. 1.

V letech 2005 az 2008 byla k porostim je€mene jarniho (Hordeum
vulgare L.) odriidy Jersey dodavana hnojiva s obsahem siry a dusiku
ve dvou rastovych fazich (DC 13 a DC 31) dle schématu v tab. 2. Blo-
kové pokusy (se Etyfmi opakovanimi) byly realizovany na lokalité ze-
médeélského podniku Agrospol Velka Bystfice s. r. 0. (17°19-23’ v. d.
a 49°33-36’ s. §.) po predplodiné fepé cukrové se zaoranym chras-
tem.

Byl stanoven vynos zrna (t.ha™, 14% vlhkost), resp. pfepad zrna
na sité 2,5 mm (v¢. samostatnych frakci 2,5 a 2,8 mm), obsah N I&-
tek (dle Kjeldahla) a Skrobu (dle Ewerse) v zrnu (%) [17] a objemova
hmotnost (kg.hl"). U smésnych vzork( byl stanoven extrakt v moucce
(%) a obsah (mg.kg') prekurzort dimethylsulfidu (PDMS). Vysledky
byly zhodnoceny analyzou variance a nasledné testem podle Tukeye
(oo = 0,05) v programu UNISTAT 5.1.

3 VYSLEDKY A DISKUSE

Je€men jarni patfi k plodinam velmi naro€nym na podminky pé-
stovani. Tato skute€nost se odrazi zejména v mezirocnikové variabi-
lité vynosu i kvality zrna (tab. 3), zejména obsahu N latek [18].

Nejvyssi primérny vynos zrna (7,43 t.ha") byl dosazen po aplikaci
po aplikaci niz8i davky hnojiva LAV 27 (var. 2). Na vySi vynosu méla
pozitivni vliv i davka dusiku v dusikatém hnojivu (obr. 7).

One of these compounds is, for example, dimethylsulphide (DMS)
produced during the malting process and also in the course of the
beer production from its precursors (PDMS). In light-coloured malts,
the DMS value ranges from 2-15 mg.kg™, in dark malts, the range
is 1-3 mg.kg™ [15].

The main aim of this study was to evaluate the efficacy of the ni-
trogen fertilizers application and treatments with fertilizers containing
sulphur in regard to achieving optimal yield and technological qual-
ity of the barley grain with a view to the PDMS production in malt.

2 MATERIAL AND METHODS

Agrochemical characteristics of soil prior experiment establishment
shows Tab.1.

In 2005 till 2008, the spring barley (Hordeum vulgare L.) plants of
the Jersey variety were treated with fertilizers containing sulphur and
nitrogen during two growth stages (DC 13 and DC 31) as seen in the
Tab. 2. The block trials (with four replications) were conducted on the
locality of the agricultural company Agrospol Velka Bystfice Ltd.
(49°33-36" N/17°19-23' E) after sugar beet as the forecrop with
ploughed down beet tops.

The grain yield was assessed (t.ha™', 14% moisture). The grain over
sieve 2.5 mm (including fractions 2.5 and 2.8 mm), the N-substances
content (%; according to Kjeldahl) and the starch content (%; ac-
cording to Ewers) [17] and the volume weight (kg.hl") were estab-
lished. For the mixed samples the micromalting was carried out and
the extract (%) and the content (mg.kg') of dimethylsulphide pre-
cursors (PDMS) were determined. The results were evaluated by the
analysis of variance and subsequently by the Tukey test (a = 0.05)
in the UNISTAT 5.1 programme.

3 RESULTS AND DISCUSSION

Spring barley belongs to crops that require very demanding grow-
ing conditions. This fact is reflected mainly in the year-to-year vari-

Tab. 1 Agrochemické vlastnosti pidy pred zaloZenim pokusu / Agrochemical characteristics of soil prior experiment establishment

Rok / Year Délka vegetace (dny) / pH/CaCl, P | K | Mg | Ca | S
Vegetation (days) (mg.kg™ susiny / Dry matter)
2005 120 5.7 36 151 120 1930 15
2006 110 6.9 99 81 177 3320 16
2007 124 5.6 93 156 143 2127 <5
2008 121 71 140 275 197 3873 26,6

Pozn.: Obsah Zzivin je stanoven dle Mehlicha lll, sira ve vodném vyluhu (1:5) / Note: Nutrients content is set by Mehlich Ill, sulphur in hyd-

rous leach (1:5) [16].

Tab. 2 Varianty pokusu / Experiment variants

Ter.ml'n aplikace / DC 13 DC 31 Celkem / )
varianta Total dose (kg.ha') Kéd /
Ten_n of Application / Hnoj'i\_/o / N Hnoi_iyo / N N s Code
Variant Fertilizer (kg.ha) Fertilizer (kg.ha)
1 - 0 0 0 0 KO
2 LAV 27 30 30 0 N1
3 LAV 27 30 DAM 390 20 50 0 N2
4 SA 30 30 36 N1S1
5 SA 30 SAM 20 50 42 N2S2
6 DASA 30 30 15 N1S1
7 DASA 30 SAM 20 50 21 N2S2
8 SAM 30 30 10 N1S1
9 SAM 30 SAM 20 50 16 N2S2
10 LAV + S1 30 30 30 N1S1
11 LAV + S1 30 DAM 390 20 50 30 N2S1
12 LAV + S2 30 30 50 N1S2
13 LAV + S2 30 DAM 390 20 50 50 N2S2

Pozn. / Note: LAV 27 — ledek amonny s vapencem / ammonium saltpetre with calcite (27 % N, 8 % Ca), SA — siran amonny / ammonium
sulphate (20,3 % N, 24 % S), DASA — dusi¢nan amonny + siran amonny / ammonium nitrate + ammonium sulphate (26 % N, 13 % S), SAM —
siran amonny + mocovina / ammonium sulphate + urea (19 % N, 6 % S), DAM — dusi¢nan amonny + moc&ovina / ammonium nitrate + urea
(30 % N), S1, S2 — elementarni sira / elementary sulphur (1, 2 — znagéi velikost davky / refers to the dose volume).
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Tab. 3 Primérné hodnoty sledovanych znaku v jednotlivych letech vEetné uvedeni délky vegetace jeémene jarniho / Average values of stu-
died parameters in individual years including vegetation length of spring barley

Délka vegetace Vynos Objemova Prepad zrna / .
Rok / (dny) / zrna / hmotnost / Grain over sieve (%) Skrob / N latky /
Year Vegetation Grain Volume 2,5 mm | 2,8 mm Starch N-substances
(days) yield (t.ha") weight (kg.hl") (%)
2005 120 7.786 68.22 20.5 72.2 65.46 9.45
2006 110 6.816 69.13 41.7 56.5 63.73 10.44
2007 124 7.157 64.48 41.6 56.5 63.93 11.59
2008 121 7.211 62.57 43.0 37.9 63.42 11.55
75 4 74 -
7i3 739 7,40 7,33 f
74 - 736 — 733 [ ] 73 ] 7.26
73 726 726 [ 724 721 ]
724715 716 0 718 ] 729 715 7,16 ]
é 71 4 7,05 <71
6,99
7,0 6,99
7,0 4
6,9 -
6,9 4
6,8 4
6,7 : . . . . . . . . . . . . 6,8
A%l V2 V3 V4 V5 V6 V7 V8 V9 Vvi0 V11 V12 V13 V1- Ko N1 N2 N1S81 N1S2 N2S1 N2S82
Varianta / Variant V13 Varianty hnojeni/ Variants of fertilization

Obr. 1 Primérné vynosy zrna dle variant (2005-2008) / Fig.1 Aver-
age grain yield per each variant (2005-2008)

Samotné hnojeni dusikem pusobilo spi$e kontraproduktivné, nizsi
davka dusiku vedla oproti kontrole ke snizeni vynosu zrna (obr. 2).

Projevil se zde ziejmé vliv kvalitni pfedplodiny [19]. Naopak apli-
kace siry primérny vynos zvySovala, a to jak pfi nizsi, tak i vy$si
urovni hnojeni dusikem (obr. 2). Kombinace nizsi davky dusiku se si-
rou zvySovala vynos zrna primérné 0 0,21-0,34 t.ha a u vyssidavky
dusiku aplikované spole¢né se sirou narostl vynos o 0,11-0,20 t.ha™.
Podobné i Eriksen et al. [20] pozorovali po hnojeni je€émene sirou zvy-
Seni vynosu zrna.

Nejvyssi hodnoty pfepadu zrna na sité 2,5 mm byly stanoveny pfi
aplikaci vy$si davky (50 kg.ha") dusiku (38,5 %). Hnojeni sirou na hla-
diné N1 (30 kg.ha') zvySovalo podil této velikostni frakce zrn
0 2,3-2,8 %, naopak pfi vy$si urovni hnojeni dusikem (obr. 3) sira pfi-
spéla ke snizeni podilu této frakce (o 0,8-0,9 %). Vysoka davka du-
siku bez siry se negativné odrazila v zastoupeni zrn vétsi velikosti
(> 2,8 mm). Nejvy$si podily byly zaznamenany u varianty N1 (30 kg.ha™")
a u kontroly, kde se projevila schopnost porostu kompenzovat za pfiz-
nivych podminek nizky vynos vys$Sim podilem zrna této velikostni
frakce. Vysoké hodnoty byly stanoveny také pfi nizsi hladiné hnojeni
dusikem se sirou (N1S1, N1S2). Zde byla také zjisténa nejvyssi vy-
téZnost (92,5-94,2%) sladarsky vyuzitelného zrna (¥ 2,8+2,5 mm).

Primérny obsah $krobu v zrnu byl v negativnim vztahu s vynosem
zrna. U var. 2, kde byl dosazen nejnizsi vynos, byl stanoven primérny
nejvyssi obsah Skrobu zrna (obr. 4). Téméf u vSech variant s vySsi
davkou dusiku v kombinaci se sirou byl zaznamenan vys$si obsah
Skrobu.

Sira stabilizovala obsah $krobu v zrnu jeémene a pfi vy$Si davce
dusiku zvySovala S$krobnatost zrna oproti varianté bez siry
0 0,42-0,44 % (obr. 5).

| kdyz fada autor(l uvadi, Ze aplikace siry zvySuje utilizaci dusiku
a podporuje kumulaci bilkovin [21, 22], naSe vysledky to nepotvrzuji
(obr. 6). Stejné tak Grzebisz a Przygocka-Cyna [12] vidi v aplikaci
siry spiSe prostfedek pro snizeni obsahu N latek v zrnu jeCmene.

Nejvy$Si primérna extraktivnost ve sladu byla stanovena po apli-
kaci niz§i davky dusiku s elementarni sirou (var. 10). U vétSiny vari-
ant se na vysi extraktu negativné projevila vy§Si davka dusiku. Pouze
po aplikaci siranu amonného a kapalného hnojiva SAM byly zazna-
menany opacné trendy (obr. 7).

Obsah PDMS ve sladu (obr. 8) se pohyboval na spodni hranici roz-
mezi (2-15 mg.kg'), které uvadéji Kosar a Prochazka [15].

Nejvyssi primérné hodnoty byly stanoveny po aplikaci vy$§i davky
dusiku (var. 3) a sira jejich mnozstvi vyraznéji nezvySovala (obr. 8),
pfi vy8S8i hladiné dusikaté vyzivy vedla naopak k jejich snizeni
(0 0,5-0,9 mg.kg™"). | kdyz néktefi autofi [7, 21] uvadéji, Ze dochazi

Obr. 2 Primérny vynos zrna dle davek N a S (2005-2008) / Fig. 2
Average grain yield per N and S doses (2005-2008)

ability of yields as well as grain quality (Tab. 3) including the N-sub-
stances content [18].

The highest grain yield (7.43 t.ha™') was found after ammonium sul-
phate and the SAM fertilizer application (var. 5), the lowest yield oc-
curred after a lower dose of the LAV 27 fertilizer (var. 2). The yield
was also positively influenced by the nitrogen dose contained in the
nitrogenous fertilizer (Fig. 1).

Nitrogen fertilization alone had a rather contra productive effect,
a lower nitrogen dose had lead to a grain yield decrease when com-
pared with the control (Fig. 2). This was probably caused by the in-
fluence of the good-quality forecrop [19]. On the other hand, the sul-
phur application increased the average yield — at the lower as well
as the higher levels of nitrogen fertilization (Fig. 2). The combination
of a lower nitrogen dose with sulphur increased the grain yield by
0.21-0.34 t.ha' and when higher nitrogen doses applied alongside
with sulphur were used, the yield rose by 0,11-0,20 t.ha™'. Similarly,
Eriksen et al. [20] observed a grain yield increase after applying sul-
phur to barley.

The highest values of grain over sieve 2.5 mm (38.5%) were es-
tablished when the application of the highest nitrogen dose was used
(50 kg.ha), and sulphur fertilization on the N1 level (30 kg.ha™') in-
creased the ratio of this sized fraction of grains by 2.3-2.8%. In con-
trast, at a higher level of nitrogen fertilization (Fig. 3) the sulphur con-
tributed to the 2.5 mm fraction drop (by 0.8-0.9%). A high dose of
nitrogen without sulphur was negatively reflected in the representa-
tion of larger sized grains (> 2.8 mm). The highest ratio of larger sized
grains were found at the dose of 30 kg.ha* N and in the control where
plants were able to compensate (under favorable conditions) for the
low yield by the higher ratio of this fraction sized grains. High values
were also established at a lower level of fertilization by nitrogen with
sulphur (N1S1, N1S2). In this case, the highest yield of the malting
grain (92.5-94.2%) was found as well (¥ 2.8+2.5 mm).

The starch content in the grain corresponded negatively with the
grain yield. In var. 2 in which the lowest yield occurred, the highest
starch content was established (Fig. 4). A higher starch content of
grain was observed in almost all variants with the higher nitrogen
dose in combination with sulphur, which can be considered very pos-
itive.

Sulphur stabilized the starch content in the barley grain, and when
a higher nitrogen dose was used, the starch content increased by
0.42—0.44% in comparison to the variant without sulphur (Fig. 5).

Although many authors present that sulphur application to field
crops increases nitrogen utilization and encourages protein accu-
mulation [21, 22], our results do not confirm this finding (Fig. 6). Like-
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Obr. 3 Prepad zrna nad sitem 2,5 a 2,8 mm dle davek N a S
(2005-2008) / Fig. 3 Grain over sieve 2.5 and 2.8 mm per N and S
doses (2005—-2008)

Obr. 4 Pramérny obsah $krobu v zrnu (2005-2008) / Fig. 4 Average
starch content in grain (2005-2008)
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Obr. 5 Obsah Skrobu v zrnu dle davek N a S (2005-2008) / Fig. 5
Starch content in grain per N and S doses (2005-2008)

Obr. 6 Obsah N latek v zrnu dle davek N a S (2005-2008) / Fig. 6 N-
substances content in grain per N and S doses (2005-2008)
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Obr. 7 Primérny obsah extraktu ve sladu (2005-2008) / Fig. 7 Ave-
rage content of extract in malt (2005-2008)

ke zvySeni obsahu siry v zrné a PDMS ve sladu po hnojeni sirou,
jedna se zfejmé spiSe o ro¢nikovou zalezitost, spojenou s Urovni re-
distribuce siry z listd do zasobnich organ(, tj. zrna [11]. Je-li davka
siry pfiméfena a odpovida pozadavkidm rostlin, nedochazi k nardstu
jeji koncentrace v zrné a nejsou tak vytvoreny predpoklady pro vy$si
obsah PDMS ve sladu.

4 ZAVER

Dosazené vysledky potvrdily vyznam siry z hlediska tvorby vynosu
zrna. S rustem davky siry rostl vynos, a to jak pfi nizsi, tak i vyssi
urovni hnojeni dusikem. Potvrdil se i pfiznivy vliv aplikované siry na
kvalitu zrna. Sira pfi niz§i drovni hnojeni dusikem pfispéla k vysoké
vytéznosti sladafsky vyuZitelného zrna, stabilizovala obsah Skrobu
v zrnu je€mene, a to pfedevsim pfi vy$si davce dusiku, nevedla k ne-
umérnému zvySovani dusikatych latek v zrnu a nevedla ke zvySovani
obsahu PDMS ve sladu.

Podékovani
Tento pfispévek vznikl za finanéniho pfispéni Vyzkumného centra
pro studium obsahovych latek jeémene a chmele ¢. 1M0570.

Obr. 8 Primérny obsah PDMS ve sladu (2005-2008) / Fig. 8 Aver-
age content of PDMS in malt (2005-2008)

wise, Grzebisz and Przygocka-Cyna [12] consider sulphur applica-
tion to be rather a means of lowering N-substances content in the
barley grain.

The highest extract content in malt was found after a lower nitro-
gen dose with an elementary sulphur application (var. 10) and the
higher nitrogen dose affected negatively the height of the extract in
most variants. Opposite trends were established only after ammo-
nium sulphate alongside the SAM fertilizer application (Fig. 7).

The PDMS content in malt was at the lower bound of the range
(2-15 mg.kg"), which is presented by Kosar a Prochazka [15].

The highest values were observed after a higher nitrogen dose ap-
plication (var. 3) and sulphur did not distinctly increase their amount
(Fig. 8), at a higher level of N-nutrition sulphur decreased them (by
0.5-0.9 mg.kg™). Even though some authors [7, 21] present that sul-
phur in the grain and PDMS in malt increases after sulphur fertiliza-
tion, it seems to be an accidental occurrence depending on a par-
ticular year and related to the sulphur redistribution from leaves to
the storage organs — the grain [11]. If the sulphur dose is adequate
and corresponds with the plants requirements, its concentration in
the grain does not increase and as a result, precondition for the higher
PDMS in malt is not established.
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4 CONCLUSION

The acquired results confirmed the importance of sulphur for the
grain yield creation. The yield increased with the rise of the sulphur
dose at both the lower as well as the higher levels of nitrogen fertil-
ization. Moreover, the positive influence of the applied sulphur on the
grain quality was confirmed, too. Sulphur alongside a lower level of
nitrogen fertilization contributed to the highest yield of the malting
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quate N-substances in the grain and PDMS in malt increase.
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