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V ramci maloparcelnich polnich pokust byl v letech 2005—-2009 sledovan vliv aplikace siry a dusiku (N1 = 30 kg N.ha', N2 = 50 kg
N.ha") béhem vegetace na obsah $krobu a bilkovin v zrnu jeémene odrldy Jersey. Dale byl stanoven obsah sirnych aminokyselin v zrnu
je€mene i sladu a obsah prekursord dimethylsulfidu ve sladu. V priméru nejvys$si obsah $krobu (64,12 %) byl stanoven po opakované
aplikaci hnojiva SAM 240, nejnizsi (63,42 %) vykazalo zrno po hnojeni LAV 27 s naslednym dohnojenim DAM. Siranova sira aplikovana
v hnojivu SAM 240 ve fazi DC 31 stabilizovala obsah Skrobu v zrnu pfi vyssich davkach dusiku. Byla stanovena stfedné silna zavislost
(r=0,503**) mezi obsahem siry v zrnu a obsahem $krobu. Vyssi davka dusiku zvySovala obsah N v zrnu 0 0,12 %, v kombinaci s hnojenim
sirou to bylo 0 0,24 % . Hnojeni sirou podpofilo pfijem a utilizaci N, coz doklada i stfedné silna zavislost mezi obsahem dusiku a siry
v zrnu jeémene (r = 0,503**). Obsah sirnych aminokyselin v zrnu jeémene a prekursord dimethylsulfidu ve sladu sirnou vyZzivou vyraznéji
ovlivnén nebyl.

Hfivna, L. — Radoch, T. — Gregor, T. — Sottnikova, V. — Cerkal, R. — Ryant, P. — Proke$, J.: Influence of application N and S on the
chemical composition of barley corn and malt. Kvasny Prum. 57, 2011, No. 7-8, p. 223—230.

Within the scope of small-scale fields’ experiments, the influence of application of sulphur and nitrogen (N1 = 30 kg N.ha', N2 = 50
kg N.ha') on the content of starch and proteins in barleycorn of Jersey variety was observed during vegetation in 2005 to 2009. There
were also determined the content of sulphur amino acids in barleycorn and malt, and the content of precursors of dimethyl sulfide in
malt. On average the highest content of starch (64,12 %) was detected after repeated application of fertilizer SAM 240, the lowest content
(63,42 %) was detected after fertilization by LAV 27 in grain with subsequent fertilization DAM. Sulphate sulphur applied in fertilizer SAM
240 in DC 31 stage stabilized the content of starch in grain when using of higher doses of nitrogen. There was determined a medium
dependence between the content of sulphur and starch. Higher dose of nitrogen rose the content of N in corn by 0,12 % and in combination
with fertilization by sulphur it was by 0,24 %. Fertilization by sulphur rose the intake and utilization of N which is also proved by the
medium dependence between the content of nitrogen and sulphur in barleycorn (r = 0,503**). The content of sulphur amino acids of
nitrogen in barleycorn and precursors of dimethyl sulfide in malt was not significantly affected by sulphur supplements.

HFivna, L. — Radoch, T. — Gregor, T. — Sottnikova, V. — Cerkal, R. — Ryant, P. — Prokes$, J.: Der Einfluss der Stickstoff- und Schwef-
felappplikation auf die chemische Zusammensetzung des Gerste- und Malzkornes. Kvasny Prum. 57, 2011, Nr. 7-8, S. 223-230.
Im Zeitraum 2005—2009 wurde im Rahmen der Kleinversuchsparzellenfeldversuche der Einfluss der Stickstoff- und Schwefelapplikation
(N1 =30 kg N.ha*, N2 = 50 kg N.ha'') wahrend der Vegetation auf den Gehalt an Stérke und Proteine im Gerstenkorn der Sorte Jersey
durchgefiihrt. Weiterhin wurde der Gehalt an Schwefelaminosaure und Prekursore DMS im Gersten- und Malzkorn analysiert. Im Durch-
schnitt wurde der hdchste Gehalt an Starke (64,12 %) nach der wiederholten Diingeapplikation SAM 240, der niedrigste (63,42%) wies
der Korn nach der Diingeapplikation LAV 27 mit folgender Applikation der Diinge DAM auf. Der in der Dinge SAM 240 in der Phase
DC31 applizierte Sulphatschwefel hat bei den héheren Stickstoffdosierungen den Gehalt an Stérke im Korn stabilisiert. Zwischen dem
Gehalt an Schwefel im Korn und dem Gehalt an Starke im Korn wurde eine mittlere Abhéngigkeit (r = 0,503**) festgestellt. Die héhere
Stickstoffdosierung hat den N-Gehalt im Korn um 0,12 %, in Kombination mit Schwefel um 0,24 % erhéht. Die Diingung mit Schwefel
hat den Empfang und Utilisation des Stickstoffes unterstiirzt, was die mittlere Abhangigkeit (r = 0,503**) beweist. Der Gehalt an Schwe-
felaminosauren im Gerstenkorn und Gehalt an DMS Prekursore im Malz durch Schwefeldliingen wurde nicht beeinflusst.

Klicova slova: sira, dusik, jecmen, slad, skrob, bilkoviny, aminoky-
seliny, prekursory dimethylsulfidu

1 UVOD

Sira patfi k vyznamnym esencidlnim Zivindm a pro vyvoj a rust
rostlin je nezbytna. Se snizovanim atmosférickych vstupl [1] a zmé-
nami v metodikach hnojeni rostlin smérem ke snizeni vstupl hnojiv
se sirou [2] se zadina vyskytovat jeji deficit v plidé [3, 4, 5]. Sira hraje
zasadni roli v rostlinném metabolismu, je-li v nedostatku, ovliviiuje
kvalitu sklizné [6, 7, 8]. Vyznam adekvatni vyzivy sirou prokazali [9,
10, 11, 12] aj. Hnojeni sirou mize do jisté miry ovlivnit i kvalitu zrna

Keywords: sulphur, nitrogen, barley, malt, starch, proteins, amino
acids precursors of dimethyl sulfid

1 INTRODUCTION

Sulphur belongs to the significant and essential nutrients and it is
indispensable for the development and the growth of plants. As the
number of atmospheric entries has decreased [1] and the changes
in methodology of fertilization of plants towards the decrease of en-
tries of fertilizers with sulphur [2] begins to be found its deficiency in
the soil [3, 4, 5]. Sulphur plays a key role in vegetable metabolism,
and if there is lack of it, it may affect the quality of crop [6, 7, 8]. The
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je€mene [13]. Ke zménam kvality dochazi jiz tim, Ze aplikace S - hnojiv
vede ke zvySeni vynosu zrna [14]. Pozdé&jsi aplikace S provadéna
pfed metanim podporuje relativni snizeni koncentrace dusiku v zrnu
je¢mene [15]. Proto aby byla zajisténa odpovidajici kvalita produkce,
doporucuji [16] pro odliSné skupiny polnich plodin rizné davky siry.
Obilniny, v to zahrnujic pSenici i sladovnicky je€men, by mély dostat
davku pro vynos 5—7 t.ha'' zrna na Urovni cca 20—40 kg S.ha™'. Vlivem
aplikace siry na vynos a kvalitu zrna je€mene se zabyvali podrobnéji
[17]. U péti z osmi pokusl prokazali zvySeni vynosu zrna v rozmezi
0,2-1,2 t.ha' (4,7-22,5 %). Budouci kvalitu zrna, jak uvadi [18], po-
zname jiz na zakladé chemického rozboru nezralych zrn. Je-li obsah
S nad urovni 0,23 % a pomér N:S pod hodnotou 8, miiZzeme o¢ekavat
vysokou a sladarsky kvalitni sklizen. Sira se v je€ném zrnu vyskytuje
pfevazné ve formé volnych sirnych aminokyselin. Za ur¢itych podmi-
nek mohou v pribéhu sladovani vznikat z téchto latek slou¢eniny
ovliviujici nepfiznivé senzorickou kvalitu piva. Patfi k nim napf. di-
methylsulfid (DMS) a jeho prekursor S-methyl-L-methionin (SMM),
které se tvofi pfi kliceni [19]. SMM se plisobenim zvySenych teplot
pfi hvozdéni a v prabéhu varniho procesu rozklada za vzniku DMS.
Tato latka v koncentracich jiz okolo 35-40 pg.I"" mGze byt v pivu sen-
zoricky nepfizniva [20].

Hlavnim cilem této studie bylo zhodnotit vliv aplikace dusikatych
hnojiv a hnojiv se sirou na obsah Skrobu, N-latek a kvalitu bilkovin
se zaméfenim na obsah sirnych aminokyselin jako prekursord tvorby
dimethylsulfidu.

2 METODIKA

V letech 2005-2009 byl sledovan vliv siranové a elementarni siry
v kombinaci s dusikatou vyzivou na chemické slozeni zrna je¢mene
a sladu odriidy Jersey. Pozornost byla zamérena na stanoveni obsahu
Skrobu a bilkovin v zrnu jeémene. Hodnocena byla i kvalita sladu
véetné stanoveni prekursorll dimethylsulfidu (PDMS). V letech
2005-2008 byl stanoven také obsah aminokyselin v zrnu jeémene
a ve dvou letech i obsah aminokyselin ve sladu.

Pokusy byly zaloZeny v jednotlivych letech na pozemcich, které se
odliovaly svymi agrochemickymi vlastnostmi (tab. 7).

Ve vSech letech byl jeémen péstovan po predplodiné cukrovce.
Chrast byl stfedni orbou zaoran. Dalsi Udaje o zalozZeni pokusu jsou
uvedeny v tab. 2.

Porost byl v pribéhu vegetace oSetfovan pesticidy a morforegula-
tory (tab. 3).

V rdmci pokusu byly zvoleny 2 hladiny hnojeni dusikem 30 a 50 kg
N.ha', davka siry byla u jednotlivych variant odli$na. Aplikace hnojiv
probéhla ve dvou terminech, tj. dvou rlstovych fazich (DC 13 a DC
31).V dobé vzchazeni porostu (DC 13) byla aplikovana tuha dusikata
hnojiva (LAV), tuha dusikata hnojiva se sirou (SA a DASA) a kapalna
dusikata hnojiva se sirou (SAM). Sou¢asné bylo na variantach 10-13
provedeno hnojeni elementarni sirou. Prvni aplikace hnojiv probéhly
v roce 2005 20. 4. a dale pak 26. 4. (2006), 12. 4. (2007), 28. 4. (2008)

significance of adequate nutrition by sulphur has proved [9, 10, 11,
12]. The fertilization by sulphur may also affect in a certain manner
the quality of barleycorn [13]. The fact that the application of S-fertil-
izers leads to an increase of the grain yield already causes the
changes of quality [14]. Subsequent application S carried out before
projection supports a relative decrease of concentration of nitrogen
in barleycorn [15]. In order to be provided corresponding quality of
production, it is recommended to use different doses of sulphur for
various groups of field crops. Cereals such as wheat and malting bar-
ley should receive a dose for yield 5-7 t.ha™ of grain at the level of
cca 20-40 kg S.ha*[16]. The influence of application of sulphur on
the yield and quality of barleycorn was observed in a more detailed
way [17]. In 5 out of 8 experiments were proved an increase of the
grain’s yield within the range of 0,2-1,2t.ha" (4,7-22,5%). The future
quality of grain as presents [18] can be detected by virtue of chemical
analysis of unripe grains. If the content of S above the level of 0, 23%
and the rate of N:S under the value 8, it can be expected high-quality
crop in malting. Sulphur appears in barleycorn mostly in form of free
sulphur amino acids. On certain conditions, there can be compounds
unfavourably affecting the sensory quality of beer, springing from
these substances during malting such as dimethyl sulfide (DMS) and
its precursor S-methyl-L-methionin (SMM), which are created during
germination [19]. SMM is decomposed by influence of elevated tem-
peratures during kilning and boiling process when also arising DMS.
This substance in concentrations of around 35-40 pg.I"'can be sen-
sorially unfavourable in beer [20].

The main objective of this study is to evaluate the influence of ap-
plication of nitrogen fertilizers and fertilizers with sulphur on the con-
tent of starch, N-substances and the quality of proteins in regard to
the content of sulphur amino acids as precursors for creation of
dimethyl sulfide.

2 METHODOLOGY

In 2005 to 2009, the influence of sulphate and elementary sulphur
in combination with nitrogen nutrient on chemical composition barl-
eycorn and malt of Jersey varieties was observed. The attention was
aimed at determination of the content of starch and proteins in barl-
eycorn. The quality of malt including determination of precursors of
dimethyl sulfide (PDMS) was evaluated, too. In 2005 to 2008, there
was also determined the content of amino acids in barleycorn and
within two years the content of amino acids in malt as well.

The experiments were founded in the individual years on the fields
which differed in its agrochemical properties (Tab. 7).

The growth was treated in the process of vegetation by pesticides
and morforegulators (Tab.3)

Within the scope of experiment, there were chosen 2 levels of fer-
tilization by nitrogen 30 and 50 kg N.ha', a dose of sulphur was dif-
ferentin individual variations. The application of nutrients in two terms,
meaning, two different growth stages (DC 13 a DC 31). At the time

Tab. 1 Agrochemickeé vlastnosti pdy (r. 2005—-2009) / Soil properties of the experimental area (2005-2009)

Rok / Year pH/CaCl, & | = | Mg | Ca | S
[mg.kg susiny/of dry basis]
2005 5.7 36 151 1930 120 15
2006 6.9 99 81 177 3320 16
2007 5.6 93 156.4 1431 2126.7 <5
2008 71 140 275 197 3872.5 26.6
2009 6.3 79.6 123.4 149.8 4657 32

Pozn.: Obsah Zivin je uveden v mg.kg™' a stanoven dle Mehlicha I, sira je stanovena ve vodném vyluhu (Zbiral, 1996).
Remark: the content of nutrients is indicated in mg.kg' and determined according to Mehlicha Ill, sulphur is determined in water leach (Zbiral, 1996).

Tab. 2 Zakladni agrotechnické Udaje / Basic agrotechnical information

Rok / Year Davka P-hnojiv / Davka K-hnojiv / Datum seti / Vysevek /
Dose of P-nutrients Dose of K-nutrients Date of sowing Sowing rate

(kg.ha) (kg.ha) (MKS.ha)
2005 100 200 4.4, 4
2006 100 200 12. 4. 41
2007 100 0 16. 3. 4
2008 100 160 29. 8. 4
2009 130 100 9 April 4
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Tab. 3 OSetfeni pesticidy a morforegulatory / Treatment by pesticdes and morforegulators

Rok / Year | Termin aplikace / Term of application | Pouzité pfipravky / Used preparation
2005 24. 5 Cerone 0,5 | l.ha’?
21.6 Decis 0,15 l.ha'
22.6 Charisma 1,0 .ha’’+ 300 | vody / of water
2006 24.5. Mustang 0,5 | l.ha'
8.6 Cerone 480 SL 0,7 l.ha'
8.6 Nurelle D 0,6 |.ha
4.7 Horizon 0,8 l.ha'+ 300 | vody / of water
2007 24. 4 OIlmik 25g.ha’’+Glean 2,5 g.ha'+Trend 0,1 l.ha’’
15. 5 Puma extra 0,9 l.ha'+Decis 0,15 l.ha'’
24. 5. Cerone 0,5 | l.ha'?
2008 2.5 Granstar 25 g.ha'
26.5 Moddus 0,3 |.ha’
30. 5 Cerone 0,6 l.ha
19.6 Prosaro 0,75 l.ha'+ 300 | vody / of water
2009 5.5 Granstar 25 g.ha'
26. 5. Moddus 0,3 I.ha’’
30. 5 Cerone 0,5 l.ha
18. 6 Artea 0,4 l.ha'+ 0,6 I.ha'Amistar+ 300 | vody / of water

Tab. 4 Schéma hnojeni jeémene (r. 2005-2009) / Scheme of fertilization of barley (2005—2009)

Termin / Term Po vzejiti (DC13) Sloupkovani (DC 31) Celkem
After emergence (DC13) Timbering (DC 31) Total (kg.ha')

Varianta / Typ hnojiva / N (kg.ha) Typ hnojiva / N (kg.ha™) N 3

Variation Type of nutrient Type of nutrient
1 kontrola 0 0 0 0
2 N1 LAV 27 NN1 30 30 0
3 N2 LAV 27 30 DAM 20 50 0
4 N1 SA 30 30 36
5 N2 SA 30 SAM 20 50 42
6 N1 DASA 30 30 15
7 N2 DASA 30 SAM 20 50 21
8 N1 SAM 30 30 10
9 N2 SAM 30 SAM 20 50 16
10 N1 LAV+ES1 S1 30 30 30
11 N2 LAV+ES1 S1 30 DAM 20 50 30
12 N1 LAV+ES2 St 30 30 50
13 N2 LAV+ES2 S1 30 DAM 20 50 50

Pozn.: LAV 27 — ledek amonny s vapencem (27 % N, 20 % Ca), SA — siran amonny (20,3 % N, 24 % S), DASA (26 % N, 13 % S), DAM=DAM 390-
dusiénan amonny s mocovinou (30% N), SAM=SAM 240 — siran amonny s moc¢ovinou (24% N, 8% S), ES1,ES2 — elementarni sira (1, 2 — znaci

velikost davky).

Remark: Lav 27 — ammonium nitrate with calcite (27 % N, 20 % Ca), SA — ammonium sulphate (20,3 % N, 24 % S), DASA (26 % N, 13 % S),
DAM=DAM 390 — ammonium nitrate (30% N), SAM=SAM 240 — ammonium sulphate with carbamide (24% N, 8% S), ES1,ES2 — elementary sulphur

(1, 2 — indicates the amount of dose).

a 22. 4. (2009). Tuha hnojiva byla po aplikaci ¢aste¢né zapravena do
pudy. Druha aplikace hnojiv pak probéhla v obdobi po¢atku sloupko-
vani porostu (DC 31) u variant s vy§§i davkou dusiku, a to hnojivy
kapalnymi (DAM a SAM). Zastoupeni hnojiv v jednotlivych variantach
pokusu a schéma hnojeni je uvedeno v tab. 4.

Porost je€mene byl ve v8ech letech sklizen v pIné zralosti malo-
parcelni sklizeci mlati¢kou Sampo. U vSech variant byl na misté sta-
noven vynos a vihkost zrna. Sklizer probéhla v roce 2005 2. srpna,
v roce 2006 31. ¢ervence, v roce 2007 18. Cervence, v roce 2008
28. Cervence a v roce 2009 4. srpna.

Ze vSech variant pokusu byly odebrany vzorky zrna, u kterych byl
stanoven obsah N-latek (dle Kjeldahla) a Skrobu (dle Ewerse) [21].
U vzorku zrna ze sklizné 2005—2008 a sladu 2005—-2006 byl stanoven
obsah sirnych aminokyselin.

Vzorky zrna pro stanoveni aminokyselin byly upraveny kyselou
a oxidativné kyselou hydrolyzou [22]. Chromatografické stanoveni
hydrolyzatl vzork( bylo provedeno na automatickém analyzatoru
aminokyselin AAA 339 (fy Mikrotechna Praha) pomoci sodnocitrato-
vych pufrd a ninhydrinovou detekei. Methioninsulfon byl pfeveden na
methionin nasobenim faktorem 0,832. Cysteova kyselina byla pfeve-
dena na cystin vynasobenim faktorem 0,71. Obsah aminokyselin byl
vyjadfen jako % podil z veskerych N-latek v susiné.

Sladovani probéhlo na VUPS v Brné po ukonéeni poskliziiového
dozravani po 20. zafi v mikrosladovné typu KVM Unicov.

of the emergence of growth (DC 13) solid nitrogen nutrients were ap-
plied (LAV), solid nitrogen nutrients with sulphur (SA and DASA) and
liquid nitrogen nutrients with sulphur (SAM). Simultaneously, there
was performed on the variations 10 — 13, fertilization by elementary
sulphur. The first application of nutrients was performed on 20th April
2005, 26th April 2006, 12th April 2007, 28th April 2008 and 22th April
2009. The solid nutrients were after application partly ploughed in the
soil. The second application of nutrients was performed at the begin-
ning of timbering of growth (DC 31) in variations with higher dose of
nitrogen by liquid nutrients (DAM and SAM). The representation of
nutrients in individual variations of experiment and the scheme of fer-
tilization are indicated in Tab. 4.

The growth of barley was gathered in all the years in full ripeness
by small-plot field threshing-machine Sampo. In all the variations were
determined yield and humidity of grain. The harvest was performed
on 2nd August 2005, 31th July 2006, 18th July 2007, 28th July 2008
and 4th August 2009.

From all the variations of experiment, there were taken the samples
of grain in which the content of N-substance (according to Kjeldahl)
and starch (according to Ewerse) (21) were determined. In the sam-
ples of grain from the harvest in 2005 to 2008 and malt in 2005-2006,
the content of sulphur amino acids was determined, too.

The samples of grain for determining amino acids were modified
by acid and oxidatively acid hydrolysis [22]. Chromatographic deter-
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3 VYSLEDKY A DISKUSE

Obsah extraktu je zavisly pfedevsim na obsahu Skrobu v zrnu a mél
by se optimalné pohybovat mezi 63-64 % [23]. Tvorba Skrobu byla
velmi vysoce vyznamné (p>0,999) ovlivnéna ro¢nikem (tab. 5). Pri-
kazné nejvy$si (p>0,95) obsah Skrobu byl stanoven v roce 2005. Nej-
horsi vysledky byly dosazeny v roce 2008 a 2009 (fab. 6).

| kdyz rozdily mezi variantami nebyly v dusledku velké mezirocni-
kové variability prikazné, je zfetelné, Ze siranova sira aplikovana
v hnojivu SAM 240 ve fazi DC 31 stabilizovala obsah $krobu v zrnu
pfi vy8Sich davkach dusiku. Oproti tomu u variant, kde byl aplikovan
pouze ledek (var. 2, 3) nebo ledek s elementarni sirou (var. 10-13),
doslo ke snizovani obsahu 8krobu po vy8si davce N-hnojiva. Obsah
Skrobu u variant s aplikaci SAM 240 na poc¢atku sloupkovani se do-
konce zvySoval o 0,03 az 0,23 %, zatimco u variant bez siry nebo
s elementarni sirou po aplikaci hnojiva DAM v DC 31 klesal
00,14-0,62 % (tab. 6). Nejvyssi obsah Skrobu (64,12 %) byl stanoven
po opakované aplikaci hnojiva SAM (var. 9). NejhorSi Skrobnatost
(63,42 %) vykazalo zrno po aplikaci hnojiva LAV s naslednym dohno-
jenim DAM. Negativni vliv vy88i davky N [24] na obsah Skrobu se
tedy projevil pouze u variant bez siry a s elementarni sirou.

NejvysSi obsah Skrobu za celé pétileté obdobi byl stanoven u ne-
hnojené kontroly v roce 2005, kde prekroCil hranici 66 %. Vysoka hod-
nota korespondovala s vynosem, ktery byl u kontroly ve srovnani

(61,5 %) v roce 2009 (obr.1).

Z predchazejicich vysledku je zfejmé, Ze hnojeni siranovou sirou,
ktera je okamzité pfijatelna rostlinou, stabilizuje obsah Skrobu v zrnu.
S tim do zna¢né miry také koresponduje vztah mezi obsahem siry
v zrnu a obsahem Skrobu (obr. 2), kde byla stanovena stfedné silna
zavislost (r = 0,503**).

mination of the samples of hydrolysates was performed on automatic
amino acid analyzer AAA 339 (Mikrotechna Praha) with the help of
sodium citrate buffers and nyhydrin detection. Methionine sulfon was
converted into methionine multiplying by factor 0,832. Cysteic acid
was converted into cystin multiplying by factor 0,71. The content of
amino acids was expressed as percentage share from all the sub-
stances in dry basis.

The malting was performed at VUPS in Brno after the completion
of postharvest ripening after 20th September in micro-malthouse such
as KVM Unicov.

3 RESULTS AND DISCUSSION

The content of extract is dependent mainly on the content
of starch in grain and should be optimally ranging between 63-64 %
[23]. The production of starch was significantly (P>0,999) affected by
the year (Tab. 5). The conclusively highest (P>0, 95) content of starch
was determined in 2005. The worst results were reached in 2008 and
2009 (Tab. 6)

Although the differences between variations were not as a result
of large year-on-year variability conclusive, it is obvious that sulphate
sulphur applied in SAM 240 nutrient in DC 31 stage stabilized the
content of starch in grain using higher doses of nitrogen. On the con-
trary, the variation where only nitrate (var. 2, 3) or nitrate with elemen-
tary sulphur (var. 10-13) were applied, there was a decrease of the
content of starch after higher dose of N-nutrient. The content of starch
in variations with application of SAM 240 was increasing by 0,03 %
up to 0,23 % at the beginning of timbering whereas in variations with-
out sulphur or with elementary sulphur after application of DAM nu-
trient in DC 31 was decreasing by 0,14-0,62 % (Tab. 6). The highest

Tab. 5 Analyza variance pro obsah Skrobu a N-latek (r. 2005-2009) / Analysis of variance for the content of starch and N-substances

(2005-2009)

Kritérium | Faktor Soucet ctverctl Stupné volnosti Pramérny ctverec | Testové kritérium P P
Criterion | Factor Sum of squares | Degree of freedom | Average square Test criterion F

Obsah Rok /Year /Y/ 238 4 60 72 0.000000
Skrobu Varianta /Variation /V/ 8 12 1 1 0.676207
Content of | YxV 46 48 1 1 0.260309
starch Chyba / Error 162 195 1

Obsah Rok /Year /Y/ 165.35 4 41.34 225.4 0.000000
bilkovin Varianta /Variation /V/ 8.59 12 0.72 3.9 0.000022
Content of | YxV 6.03 48 0.13 0.7 0.938751
proteins | Chyba / Error 35.77 195 0.18

Tab. 6 Primérné hodnoty obsahu $krobu a N latek a priikaznosti jejich rozdilG dle Tukeye (r. 2005—2009) / Average values of starch content,
N-substances and the demonstrability of its differences according to Tukeye (2005-2009)

Faktor/ |Varianta / n Obsah Skrobu / Obsah bilkovin /
Factor Variation Content of starch (%) Content of proteins (%)
X b X S,
2005 52 52 65.46¢ + 9.452 + 0.44
2006 52 52 63.73% + 10.44° + 0.32
Rok / Year |2007 52 52 63.93° + 11.60¢ + 0.44
2008 52 52 63.42° + 11.554 + 0.49
2009 52 52 62.512 + 11.00° + 0.50
Control 20 20 63.722 + 10.462 + 0.91
N1 LAV 27 20 20 64.042 + 10.793c + 0.89
N2 LAV 27 20 20 63.422 + 10.91b¢ + 0.94
SA 20 20 63.792 + 10.68%° + 0.81
N2 SA 20 20 63.822 + 10.96b° + 1.00
. N1 DASA 20 20 63.672 + 10.72ab + 0.84
Varianta /- 5 basA 20 20 63.902 + 11.04° + 0.91
Variation N1 sAM 20 20 63.912 + 10.55% + 0.92
N2 SAM 20 20 64.122 + 10.72ab + 0.87
N1 LAV+ES1 20 20 63.802 + 10.7623% + 0.88
N2 LAV+ES1 20 20 63.66° + 10.95b¢ + 1.06
N1 LAV+ES2 20 20 63.932 + 10.8430¢ + 0.87
N2 LAV+ES2 20 20 63.752 + 11.12¢ + 0.97
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content of starch (64, 12 %) was determined after
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repeated application of SAM nutrient (var. 9). The
worst starch content (63,42 %) was determined
in grain after application of LAV nurient with sub-
sequent fertilization by DAM. The negative influ-
ence of a higher dose of N [24] on the content of
starch was only shown in variation without sul-
phur and with elementary sulphur.

The highest content of starch in all 5-years-pe-
riod was determined in unmanured control in
2005 where there was exceeded the limit of 66%.
The high value corresponded with yield which
was in comparison with other variations lower in
control. The lowest value was reached in var. 10
(61, 5 %) in 2009 (Fig. 1).

varianta

From the previous results, it is obvious that the
fertilization by sulphate sulphur, which is imme-

Obr. 1 Primérné hodnoty obsahu Skrobu (r. 2005—2009) / Fig. 1 Average values of starch

content (2005-2009)

Obsah dusikatych latek (N x 6,25) by se mél pohybovat v rozmezi
10-11,5 % [25] (2000). Doporuéeni CSN 46 11 00-5 pak vychazi
z rozmezi 10-12 %. Kumulace dusikatych latek v zrnu jemene se
v jednotlivych letech velmi vysoce priukazné (p>0,999) liSila (fab. 5).
Prikazné nejnizsi (p>0,95) obsah dusikatych latek byl zaznamenan
v roce 2005. V priiméru v§ech variant nedosahoval ani k 9,5 %, coz
celou sklizen zafadilo do nestandardu. Zrno sklizené v ostatnich ro¢-
nicich svym obsahem N-latek jiz poZzadavek normy splfiovalo. Pri-
kazné nejvyssi (p>0,95) obsah N-latek byl stanoven v letech 2007
a 2008 (tab. 6). Obsah N-latek v zrnu korespondoval s davkami du-
sikatych hnojiv. Nejniz$i hodnota (10,46 %) byla v priméru stanovena
u dusikem nehnojené kontroly. Nejvy3si obsah byl pozorovan u var.
13, kde bylo aplikovano hnojivo LAV s elementarni sirou na po¢atku
dusikem byl stanoven u variant 8 a 9, kde bylo pouzito hnojivo SAM
240.
nejvyssi namérené hodnoty se pohybovaly nad trovni 12 % u var. 11
a 13 v roce 2007 (obr. 3). Aplikace hnojiva SAM ve vSech ro¢nicich
nivé ro¢nikové hodnoceni tohoto parametru byl pozorovan vyssi ob-
sah dusikatych latek u variant s vy$$i davkou dusiku a siry. PfirGstek
pfedstavoval 0,26—-0,47 %. Potvrdily se tak zkuSenosti [26, 27, 28, 29]
o pozitivnim vlivu S na utilizaci dusiku. Je-li davka dusiku nizka a vy-
nos zrna vysoky, maze aplikovand sira podpofit pfijem N a tim vylepsit
jeho obsah v zrné. To plati v letech s vysokymi vynosy, kdy dochazi
k silnému zfedovacimu efektu. Pokud je ale vynos nizky, tak jak tomu
bylo v roce 2000, hrozi opacny problém. Dusik se dostate¢né nero-
zfedi a dochazi k jeho pfiliSné translokaci do klasu a ukladani do
zrna. To se projevilo pfedevsim po aplikaci tuhych hnojiv (siranu
amonného). Vysoky obsah dusikatych latek v zrnu je€mene je neza-
douci, snizuje se extrahovatelnost zrna, dochazi k naruseni poméru
mezi rozpustnymi a zasobnimi bilkovinami [30]. V pokusech prova-
dénych v letech 2005-2009 problémy s vysokym obsahem dusika-
tych latek v zrnu nebyly. Obsah byl znaéné rozdilny, pouze dva ro€niky

diately acceptable by plant, stabilizes the content
of starch in grain. This also, to a great extent, cor-
responds with the relation between the content

Vztah mezi obsahem S v zmu a obsahem $krobu

Korelace : r=0,50300"
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Obr. 2 Vztah mezi obsahem S a obsahem Skrobu v je¢ném zrné /
Fig. 2 Relation between the content of S and starch in barleycorn

of sulphur in grain and starch (Fig. 2) where there was determined
medium-strenght dependence (r = 0,503).

The content of nitrogen substances (Nx6, 25) should be within the
range of 10—11, 5 % (25) (2000). The recommendation of CSN 46 11
00-5 is based on the range of 10-12 %. Accumulation of nitrogen sub-
stances in barleycorn conclusively (p>0,999) differed in individual
years (Tab. 5). The conclusively lowest (p>0,95) content of nitrogen
substances was observed in 2005. In the average of all variations,
this did not even reach 9,5%, which classified the whole harvest
among the non-standard ones. Nevertheless, grain gathered in other
years with the content of N-substances with the requirements of stan-

dards complied. The conclusively highest

Tok 2005
rok 2006

] rok 2008

1,0

10,0

obsah N - latek (%)

95

9,0

8,5

8,0

B L L s S SR
1 rok 2009 :

(p>0,95) content of N-substances was deter-
mined in 2007 and 2008 (Tab. 6). The content of
N-substances in grain corresponded with doses
of nitrogen nutrients. The lowest value (10,46 %)
was on average determined in nitrogen unma-
nured control. The highest content was observed
in var. 13 where there was applied LAV nutrient
with elementary sulphur at the beginning of tiller-
ing. The lowest content of nitrogen substances af-
ter fertilization by nitrogen was determined in vari-
ation 8 and 9 where there was used SAM 240
nutrient.

The lowest content of N-substances was deter-
mined in 2005 in control (9 %), the highest mea-
sured values were above the level of 12 % in var.
11 and 13in 2007 (Fig. 3). Application of SAM nu-

varianta

trient in all years contributed to lower values of
the content of N-substances in grain. In spite of

Obr. 3 Primérné hodnoty obsahu dusikatych latek (r. 2005-2009) / Fig. 3 Average values

of the content of nitrogen substances (2005-2009)

unfavourable evaluation of the year of this param-
eter, higher content of nitrogen substances was
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Tab. 7 Obsah S-AMK v zrnu je€émene a ve sladu po provedeném mikrosladovani / Content of S-AMK in barleycorn and in malt after realization

of micro-malting

Varianta / Variation | 1 | 2 [ 3] a5 6| 7 ] 8] 9 ]10]11]12]13
Relativni vyjadfeni v % z celkového mnozstvi AMK — zrno jeémene
Relative expression in % from the total quantity of AMK — barleycorn
Cystein / Cysteine <2.142| 2.181 | 2.277 | 2.190 | 2.211 | 2.238 | 2.224 | 2.579 | 2.734 | 2.597 | 2.942 | 2.626 | 2.875
Methionin / Methionine 1.417 | 1.807 | 1.422 | 1.799 | 1.811 | 1.696 | 1.786 | 2.265 | 2.204 | 2.344 | 2.388 | 1.687 | 1.862
Suma S kyselin / Sum of S acids 3.559 | 3.987 | 3.700 | 3.989 | 4.022 | 3.934 | 4.009 | 4.844 | 4.938 | 4.942 | 5.330 | 4.313 | 4.737
Srovnani variant /
Comparison of variations (rel.%) 100.00|112.05|103.97|112.10{113.02|110.56|112.67|136.13| 138.76| 138.86| 149.80| 121.20| 133.1
Relativni vyjadfeni v % z celkového mnozstvi AMK — zrno slad
Relative expression in % from the total quantity of AMK — grain, malt
Cystein / Cysteine 2.466 | 2.600 | 2.421 | 2.697 | 2.595 | 2.564 | 2.496 | 2.765 | 2.758 | 2.844 | 2.738 | 2.833 | 2.674
Methionin / Methionine 2.011 | 2.109 | 2.157 | 2.275 | 2.170 | 2.359 | 2.234 | 2.087 | 2.367 | 1.783 | 1.459 | 1.970 | 1.496
Suma S kyselin / Sum of S acids 4.477 | 4.709 | 4.577 | 4972 | 4.765 | 4.923 | 4.730 | 4.852 | 5.125 | 4.627 | 4.197 | 4.803 | 4.170
Srovnani variant /
Comparison of variations (rel. %) 100.00|105.17{102.23| 111.05| 106.42| 109.96| 105.63| 108.36| 114.47|103.34| 93.74 | 107.27| 93.13

se od sebe vyznamné neliSily. Problematicky byl rok 2005, kde byl
stejné tak jako v roce 1999 stanoven velmi nizky obsah N v zrnu. Za-
timco vysSi davka dusiku zvySovala obsah N v zrnu 0 0,12 %, v kom-
binaci s hnojenim sirou to bylo 0 0,24 % . Projevil se tak vliv siry na
pfijem a utilizaci N v zrnu [31], coz doklada i stfedné silna zavislost
mezi obsahem dusiku a siry v zrnu jeémene (r = 0,503*).

Pfipadny deficit siry mGze mit zasadni vliv na slozeni bilkovinné
matrix, ktera je tvofena sirou bohatymi proteiny a vysokomolekular-
nimi proteiny. Je-li siry nedostatek, zvysi se podil S-chudych hordein(
[32] a to se muze vyznamné projevit pfi lusténi zrna [33].

Na obsah PDMS ma vliv fada faktorl v€etné odrudy, prabéhu kli-
¢eni i techniky hvozdéni [34]. MGzeme tedy pfedpokladat, ze i obsah
siry v zrnu bude pro obsah DMS klicovy [17]. Sledovani obsahu
PDMS ve sladu v letech 2005-2009 nepfineslo vysledky, které by nas
presvédcCily o negativnim vlivu siry. Pouze v jednom roce (2005) byl
po hnojeni sirou pozorovan nartist PDMS o cca 1,5 mg.kg'. MGzeme
predpokladat, ze se zde projevil vliv roéniku ale také termin aplikace
siry, ktery byl realizovan v prvni poloviné vegetace. Nase vysledky
tak nepotvrdily zaveéry, které uvadi [17]. V jeho pokusech po aplikaci
siry dos$lo k vyraznému narlstu koncentrace S-methylmethioninu ve
sladu po hnojeni porostu je€émene sirou (obr. 5). Svou roli zde mohl
sehrat termin aplikace, ktera byla pomérné ¢asna a v disledku po-
mérné malé redistribuce S do zrna se nevytvofil pfedpoklad vy$siho
obsahu PDMS ve sladu. Je otazkou, jak by dopadlo, kdyby byla apli-
kace provedena napf. v obdobi sloupkovani, pfipadné metani poro-
stu. Vyznamnou roli zde mlze sehrat i roénik. Zatimco v letech
2006—2009 nebyl zaznamenan negativni vliv, v roce 2005 doslo ke
zvySeni obsahu PDMS po hnojeni sirou.

Na obsah PDMS ma vliv pfedev&im obsah sirnych aminokyselin
v zrnu je€émene. Nejvy$si obsah cysteinu byl stanoven u kontrolni va-
rianty a varianty s niz8i davkou dusiku (> 2,8 g.kg'susiny zrna). Vét-
Sina variant se sirou obsahovala cca 2,7 g.kg™ cysteinu (obr. 6). Ob-

Vztah mezi obsahem N a S v susiné zma jeémene
Korelace: r=0,50311**
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Obr. 4 Vztah mezi obsahem N a S v zrnu jeémene / Fig. 4 Relation
between the content of N and S in barleycorn

observed in variations with a higher dose of nitrogen and sulphur. An
increase represented 0,26-0,47 %. The experience [26, 27, 28, 29]
of positive influence S on utilization of nitrogen was hereby confirmed.
If a dose of nitrogen is low and the yield of grain is high, applied
sulphur can support the intake of N and hereby improve its content
in grain. It applies to the years with high yields where there is a high
diluent effect. However, if there is the low yield as well as in 2000, it
could cause the opposite problem. Nitrogen is not sufficiently diluted,
which causes its excessive translocation into spike and deposition
into grain. It was shown mainly after application of solid nutrients (am-
monium sulphate). The high content of nitrogen substances in barl-
eycorn is not desirable, the extractability of grain is decreased and
the disruption of proportion between soluble and insoluble proteins
occurs [30], too. In the experiments carried out in 2005 to 2009, there
were no problems with the high content of nitrogen substances in
grain. The content was considerably different and only two years were
not different so significantly. The year 2005 was problematic, in par-
ticular, because of determination of very low content of N in grain as
well as in 1999. While higher dose of nitrogen was increasing the con-
tent of N in grain by 0,12 %, in combination with fertilization by sulphur,
it was by 0,24 %. The influence of sulphur on the intake and utilization
of N in grain was shown [31], which also proves the medium-strength
dependence between the content of nitrogen and sulphur in barley-
corn (r = 0,503"%).

The potential deficiency of sulphur can have a fundamental influ-
ence on the composition of protein’s matrix which is comprised of
proteins rich in sulphur and high-molecular proteins. If there is lack
of sulphur, the proportion of S-poor hordeins increases [32], which
can be significantly shown during grain extraction [33].

Many factors have an influence on the content of PMDS including
the variety, the process of germination and the technology of kilning
[34]. It can only be supposed that the content of sulphur in grain will
be pivotal for the content of DMS [17]. The observation of the content
of PMDS in malt in 2005 to 2009 did not produce results which could
persuade us of the negative influence of sulphur. Only in 2005, there
was observed the increase of PMDS by cca 1,5 mg.kg™ after fertil-
ization by sulphur. It can only be supposed that the influence of the
year was shown here, but also the term of the application of sulphur
which was carried out in the first half of vegetation. Our results con-
firmed the conclusions which present [17]. In his experiments after
application of sulphur, there was a significant increase of the concen-
tration of S-methylmethionin in malt after fertilization of barley’s
growth by sulphur (Fig. 5). The term of application could play here its
role. As a result of relatively low redistribution of S into grain was not
produced the precondition of higher content of PDMS in malt. The
question arises of how it could end up if application was carried out,
for instance, in a period of timbering, alternatively, heading of growth.
The significant role can also play the year. While in 2006 to 2009 there
was not indicated any negative influence, the content of PDMS in
2005 was increased after fertilization by sulphur.

The content of sulphur amino acids in barleycorn has mainly an in-
fluence on the content of PDMS. The highest content of cysteine was
determined in a control variation and variation with a lower dose of
nitrogen (> 2,8 g.kg'dry basis of grain). Most of variation with sulphur
contained cca 2,7 g.kg'cysteine (Fig. 6). The content of methionine
was in variations with application of SAM nutrients (var. 8, 9) and with
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Obr. 5 Obsah PDMS / Fig. 5 Content of PDMS

Obr. 6 Obsah cysteinu v zrnu je€émene / Fig. 6 Content of cysteine in
barleycorn
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Obr. 7 Obsah methioninu v zrnu jeémene / Fig. 7 Content of metionine
in barleycorn

sah methioninu byl u variant s aplikaci hnojiva SAM (var. 8, 9) a s ele-
mentarni sirou vy$8i nez u variant hnojenych pouze dusikem (obr. 7).
Aplikace siranu amonného a hnojiva DASA se vyraznéji na zvySeni
obsahu sirnych aminokyselin neprojevila. To se odrazilo i v celkovém
hodnoceni obsahu sirnych aminokyselin (obr. 8).

V prabéhu let 2005-2008 byl sledovan obsah S-AMK v zrnu jec¢-
mene a v letech 2005—2006 také ve sladu. Pozitivni vliv aplikované
siry na zvySeni obsahu sirnych aminokyselin byl pozorovan pouze
v roce 2005. Za zajimavé mizZeme povazovat pfedevsim to, Ze k nej-
vy$§imu narlGstu obsahu cysteinu a methioninu do$lo u variant s apli-
kaci hnojiva SAM 240 a elementarni siry. Pfi aplikaci hnojiva SAM
240 mizeme pocitat s efektivnéjsim uplatnénim siranové formy hno-
jiva, protoze ¢éast siry mliZze byt pfijata listem a to se mohlo v narlistu
S-AMK v zrnu projevit. Aplikace elementarni siry naopak zajistuje
dlouhodobost jejiho plsobeni, coz se rovnéz mohlo projevit, protoze
pfeména elementarni siry na sirany je procesem pozvolnym a po-
stupné vznikajici sirany plynuleji zasobuiji rostliny [35]. Pfijem siry
z hnojiva byl tedy rozvrzen do del$iho ¢asového obdobi, coz zvySuje
Cerpani siry z hnojiva ve vét§im méfitku i ve druhé poloviné vegetace.
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Obr. 8 Obsah S-AMK v zrnu je€mene / Fig. 8 Content of S-AMK in
barleycorn

elementary sulphur higher than in variations fertilized only by nitrogen
(Fig. 7). Application of ammonium sulphur and DASA nutrient were
not significantly shown in an increase of the content of sulphur amino
acids. It also reflected on the total evaluation of the content of amino
acids (Fig. 8).

Over the course of years 2005—2008, there was observed the con-
tent of S-AMK in barleycorn and in 2005-2006 in malt, too. The pos-
itive influence of applied sulphur on an increase of the content of sul-
phur amino acids was observed in 2005. The fact, that the highest
increase of the content of cysteine and methionine occurred in vari-
ations with application of SAM 240 nutrients and elementary sulphur,
could be considered interesting. Application of SAM 240 nutrients has
more effective use of sulphate form of nutrient, because a part of su-
plhur can be accepted by a leaf and it could be shown in an increase
of S-AMK in grain. On the contrary, application of elementary sulphur
assures long-term nature of its effect which could also be shown, be-
cause the conversion of elementary sulphur in sulphate is a gradual
process and so gradually arising sulphates smoothly supply plants
[35]. The intake of sulphur from nutrient was spread over a longer pe-
riod of time which increases the drawing of sulphur from nutrient in
a larger measure in the second half of vegetation, too.
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