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Abstract
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The objective of the three-year small-plot trial was to assess the effect of the weather of the year,
forecrop, variety, form of sulphur (elementary and sulphate) and additional nitrogen fertilising on
the yields and the content of N-substances of the malt barley varieties Jersey and Sebastian. The trial
was carried out in 2006-2008 at the experimental site of the Mendel University of Agriculture and
Forestry in Brno, the Zab¢ice locality. The Jersey and Sebastian varieties were grown after three dif-
ferent forecrops — winter wheat with ploughed down straw, sugar beet with ploughed down tops
and maize for grain with ploughed down straw. The fertilising treatments differed in the form of sul-
phur (elementary and sulphate) and date of the additional nitrogen fertilising. As the sulphate form
we chose ammonium sulphate (40 kg.ha-! N and 45.6 kg.ha! S) and the same amount was supplied
in the form of elementary sulphur; nitrogen was in the form of urea. A dose of 30 kg.ha of ammo-
nium nitrate with limestone (ANL) was applied as additional nitrogen fertilising. The results show that
the weather conditions of the respective years had an almost 94 % effect on yields. The very strong ef-
fect of the weather overshadowed the effect of the forecrop (3.8 %); the effect of the variety was only
half that of the forecrop (1.8 %). The form of additionally applied sulphur and nitrogen during cultiva-
tion had arelatively little effect on the yields (0.2 %). The forecrop affected the content of N-substances
most of all (47.3 %). The quality of barley grain is markedly dependent on the course of the weather of
the year (40.1 %); the effect of the variety on the content of N-substances was relatively low (1.6 %). Ap-
plications of various forms of sulphur had a small effect on the grain quality (0.01 %), while the effect
on additional nitrogen fertilising on the content of N-substances was 8.5 %.

spring barley, fertilisation, forms of sulphur, grain yields, content of N-substances

Number 2, 2010

In order to ensure highly productive stands of
spring barley, one must consider anumber of factors
which determine the potential yields of the main
product - the grain. The final economic yields, their
structure and quality are the result of a collaboration
of these factors during growth and development of
the stand (PETR et al., 1980).

In terms of the yield formation and yield stability
of spring barley the important factor is the forecrop
(CERKAL et al., 2001; PRIKOPA et al., 2005). With
the decrement of areas of root crops in the structure
of crop production the selection of forecrops sui-
table for spring barley is limited. Areas where root
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crops arc grown arc decreasing and barley is grown
after cereals and oil plants (ZIMOLKA et al., 2000).
Barley grain yields and quality are greatly affected
by the crop management practices, an integral part
of which is nutrition and fertilisation. At the present
time, a considerable attention is being devoted to ni-
trogen and sulphur nutrition. Sulphur deficient soil
is caused, above all, by the reduction of atmospheric
deposits all over Europe (SCHERER, 2001). On as
much as 94 % of the area of the Czech Republic,
sulphur fall-out is less than 10 kg.ha'! (HUNOVA
et al., 2008). Sulphur deficit is beginning to be seen
in yields and also in the quality of production (MC
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GRATH ¢t ZHAO 1996, ZHAO et al., 2006); the plants
are forming fewer spikes with a smaller number of
grains in them (HANEKLAUS ¢t SCHNUG, 1992).

Interaction between nitrogen and sulphur uptake
was proved by a number of authors. MCGRATH et
ZHAO (1996), HRIVNA et al. (2001) discovered that
sulphur deficit may reduce the effect of nitrogen
fertilisation. On the other hand, excessive nitrogen
fertilisation in combination with sulphur may have
anegative effect on the quality of barley. Luxury up-
take of nitrogen results in grain high in nitrogen. At
the same time, nitrogen content negatively correlates
with the content of the extract in malt dry matter and
decreases the value of Kolbach’s number (KOSAR
etal., 1997; SPUNAROVA ¢t PROKES, 1998).

As a rule, the yield and quality of malt barley is
most of all affected by the weather conditions of
the year; the effect of the forecrop, variety and stand-
ard of cultural practice are also important. This
study evaluates the effect of the individual factors.
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MATERIALAND METHODS

The three-year trial was set up as a small-plot trial
in 2006-2008 at the experimental site of the Men-
del University in Brno on the Zabgcice locality
(16° 37 long. and 49° 01’ lat.). The locality is situa-
ted in the maize-production region, sub-region K2,
average altitude of 184 m. The soil of the experi-
mental site is classified as fluvial gley (FLg) (NEME-
CEK et al., 2001). The soil is medium heavy to heavy,
soil type clay loam to loam.

The locality is characterised as warm, moderately
dry, with warm winters. The average monthly air
temperatures/sum of precipitation ratios expressed
in the form of a climate diagram define the periods
threatened by drought; on the Zabéice locality it is
usually from mid-July to early October.

Fig. 1 shows the weather conditions from 2006
to 2008 and the long-term normal for 1961-1990.
The meteorological data were obtained from the De-
partment for Agricultural Systems and Bioclima-
tology of Mendel University of Agriculture and Fo-
restry in Brno.
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1: Climate diagrams of average monthly temperatures and sums of precipitation in 2006-2008 and the long-term normal for 1961-1990
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1: Plan of the experiment

Treatment  Variety Form of sulphur Additional nitrogen
1 without
2 at sowin
Sulphate &
3 3 tillers detectable (DC 23)
4 beginning of stem elongation (DC 31)
Jersey .
5 without
6 El ) at sowing
ementa
7 2 3 tillers detectable (DC 23)
8 beginning of stem elongation (DC 31)
9 at sowing
10 Sulphate 3 tillers detectable (DC 23)
11 . beginning of stem elongation (DC 31)
Sebastian -
12 at sowing
13 Elementary 3 tillers detectable (DC 23)
14 beginning of stem elongation (DC 31)

I1: Measures carried out during spring barley vegetation

Measure Year
2006 2007 2008
Sowing 21 Apr. 17 Mar. 11 Mar.
Nitrogen added at DC 23 21 May 25 Apr. 25 Apr.
Nitrogen added at DC 31 25 May 3 May 13 May
Treated with herbicide Sekator 250 g.ha' in 200 L.ha™' of water 24 May X X
Treated with fungicide Falcon 0.6 1.ha ! in 200 Lha! of water 2 June X X
Harvest 12 Aug. 15 July 15 July

Barley varieties Jersey and Sebastian were grown
after three different forecrops — winter wheat with
ploughed down straw, sugar beet with ploughed
down tops and maize for grain again with ploughed
down straw. The seeding rate of the stands was
4.0 million germinative seeds per ha. The fertilis-
ing treatments differed in the form of sulphur and
the date of additional nitrogen fertilising. Prior to
sowing, basic fertilisation by nitrogen and sulphur
was carried out, and during the vegetation, the stand
was supplemented with nitrogen at various growth
stages (Tab. I). Ammonium sulphate at a rate of
40 kg.ha? of nitrogen and 45.6 kg.ha! of sulphur
was chosen as the sulphate form. The same amount
of sulphur was applied in the form of elementary
sulphur and nitrogen was replenished in the form of
urea. A dose of 30 kg.ha™' of ammonium nitrate with
limestone (ANL) was used as the additional nitro-
gen fertiliser (Tab. I). Each fertilisation treatment was
carried outin three repetitions.

Tab. II shows the measures carried out during
spring barley vegetation. Barley grain was harvested
at full ripening with the harvester-thresher SAMPO
- ROSENLEW.

Immediately after the harvest, the grain yields per
ha were assessed and the content of N-substances
in the grain was determined by Kjeldahl’'s method
(ZBIRAL et al., 2005). The effects of the individual

factors were evaluated statistically by the Statis-
tica 8.0 programme using analysis of variance fol-
lowed by Tukey tests ata 99 % level of significance.

RESULTS AND DISCUSSION

Tab. I1I displays the average hectare yields of bar-
ley grain in relation to the individual factors. The re-
sults show that the weather conditions were impor-
tant for the formation of the grain yield. For example,
CHMIELEWSKI ¢t KOHN (1999) reported up to
60 % effect of the weather on the yield formation. In
our experiment, the decisive effect of the weather
conditions was even stronger and affected the varia-
bility of the values in up to 94 %. The dominant ef-
fect of the year and particular weather extremes on
the Zab¢ice locality were confirmed also by EHREN-
BERGEROVA et al. (1999) and CERKAL et al. (2001).
The yield was significantly the lowest (3.41 t.ha™') in
2006;in 2007, it increased to 4.07 t.ha!, and in 2008,
the average yield per ha was 7.70 t.ha-! which shows
a high statistically significant yield increase (P > 0.99)
by 4.29 t.ha-! and 3.63 t.ha! in 2006 and 2007, re-
spectively, compared to 2008.

The very strong effect of the weather conditions
very often considerably overshadowed the effect
of the forecrop. In our case, the forecrop contrib-
uted to the total variability only in 3.8 %. The worst
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previous crop in our experiments was maize after
which the average yields reached 4.60 t.ha™'. Grain
yields were higher after wheat (5.46t.ha') and
the highest after sugar beet (5.97 t.ha™'). Lower bar-
ley yields achieved after maize as the forecrop are
often connected with larger amounts of ploughed
down poorly decomposable post-harvest residues
which may have a negative effect on the quality of es-
tablishment of the stand and initial growth of spring
barley (ZIMOLKA et al., 2006).

The effect of the variety on the variability of
the yield was even lower; only half the effect of
the forecrop. However, a higher yield potential was
observed in the Sebastian variety as it was better at
using the soil and climatic conditions of the site. Al-
though the yields of Sebastian were higher than Jer-
sey, on average by 0.5 t.ha, the difference was not
statistically significant.

If the weather is not standard, especially if
the weather is dry, it is quite common that the ef-
fect of fertilization in soils well supplied with nu-
trients and sufficient available nitrogen is often not
noticeable. This has been confirmed by KLEM et al.
(2006) who considered the effect of the forecrop on
grain yields of malt barley to be more important
than the effect of the cultivation measures includ-
ing nutrition. We also came to this conclusion in our
experiments where the form of sulphur and nitro-

I11: Average yields of barley grain in relation to the individual factors

gen additional fertilizing applied during growth had
arelatively small and statistically insignificant effect
on the variability of grain yields of malt barley. Treat-
ments with elementary sulphur containing urea
were on average higher by 0.11 t.ha' than when am-
monium sulphate was applied.

We assessed the effect of additional nitrogen ferti-
lising on hectare yields of grain of both barley varie-
ties and discovered statistically insignificant diffe-
rences between the nitrogen fertilisation treatments.
The worst results of the Jersey variety were achieved
without additional nitrogen fertilising, i.e. on ave-
rage ca4.81 t.ha'', in the remaining three treatments
with additional nitrogen fertilising; yields tended
to increase if applied later. The most suitable treat-
ment for the Sebastian variety was nitrogen correc-
tion carried out at sowing.

Tab. IV shows the average content of N-substances
in relation to the individual factors.

Forecrop had the greatest effect on content of
the N-substances in the grain. Among the fore-
crops we discovered statistically highly signifi-
cant (P > 0.99) differences in the contents of N-sub-
stances. The content of N-substances was the highest
and above the required technological quality after
sugar beet (12.23 %). After wheat, it averaged 11.70 %
and after maize, the content of N-substances was
the lowest (11.11 %). In terms of the suitability of

Share of the factor on
s -1
Factor n Yield (t.ha?) d.f. AS the total variability (%)
2006 84 3.41 c
Year 2007 126 4.07 b 582.2 94.0
2008 126 7.70 a
Wheat 126 5.46 a
Forecrop Sugar beet 84* 5.97 a 24.00 3.8
Maize 126 4.60 b
. Jersey** 144 5.14 a
Variety . 11.14 1.8
Sebastian 144 5.54 a
Sulphat 168 5.21
Form of ulphate a 1.21 0.2
sulphur Elementary 168 5.32 a
c Without 48 4.81 a
g g Atsowing 48 5.06 a
o
E & Dc23 48 5.15 a
= DC31 48 5.22 a 1.39 0.2
S &p
_S £ § Atsowing 48 5.59 a
£% % DC23 48 5.51 a
o = 0
<8 & DC31 48 5.52 a
Error 326 0.36 0.1
Total 335 619.70 100.0

*fewer repetitions due to extreme weather conditions at harvest in 2006 (see Graph 1) which resulted in extensive growing
through of the spikes making proper harvest of the barley stand and exact assessment of the yields impossible.

**from the evaluation we omitted treatment without additional nitrogen fertilising due to the absence of such treatment
for the variety Sebastian which would be a disadvantage for the variety Jersey over Sebastian.

Note: Treatments with identica letters show statistically insignificant differences in average values (P > 0.99).

n-number of data, d. f. - degree of freedom, AS - average square
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barley grain for malting specified by Czech standard
CSN 46 1100-5 (2006), the minimal and maximal
content of N-substances is 10 % and 12 %, respec-
tively, the optimal value is aprox. 11 %. According to
this standard, the most suitable grain was produced
after maize as the forecrop. The poor content of N-
substances after sugar beet is due to mineralization
of the tops (BENADY et al., 2001).

The quality of barley grain is considerably depen-
dent on the weather conditions. The share of this
factor on the total variability of the content of N-sub-
stances is 40.1 %. The significantly (P > 0.99) highest
content of N-substances was found in 2006 (12.20 %)
and the lowest in 2008 (11.14 %).

Compared to the weather conditions and forecrop,
the effect of the variety on the variability of the con-
tent of N-substances was relatively small. Although
the content of N-substances in the variety Sebastian
was by 0.16 % lower than in Jersey and was closer
to the optimal value, the difference between these
varieties in the content of N-substances was not sta-
tistically significant (P > 0.99).

Applications of various forms of sulphur did not
have much of an affect the content of N-substances
in grain; the differences between the elementary
sulphur and the sulphate sulphur in ammonium
sulphate were not statistically significant. SKWIE-
RAWSKA et al. (2008) and RICHTER et al. (2008)
reached the same conclusions in their experiments
with spring barley.

Compared to the weather and forecrop, the share
of additional nitrogen fertilising in the variability
of values of N-substances in the grain was smaller
albeit not negligible (8.5 %). In Jersey, the average
content of N-substances was significantly the low-
est (P > 0.99) when no additional nitrogen was ap-
plied (11.36 %). The effect of the date of the indivi-
dual applications on the content of N-substances in
grain was not significant. This finding corresponds
with the fact that additional nitrogen fertilising of
barley is possible until the beginning of the stem
elongation stage without a considerable increase
in the N-substances in the grain. This was also de-
scribed by RICHTER et al. (2005) and it differs from
the common methods of malt barley production
that state that the latest date for additional nitrogen
fertilising is the stage of the 3" to 4" leaf (DC 13-14)
(BENADA et al., 2001).

In the course of the 3-year trials, the contents of N-
substances were relatively high, as Graph 2 shows. Tt
means that the treatment which had the best effect
on the content of N-substances was only the basic
dose of 40 kg.ha' N with no further additional ni-
trogen fertilisation.

IV: Average contents of N-substances in relation to the individual factors of cultivation

N-substances

Share of the factor on

Factor (%) d.f. AS total variability (%)
2006 126 12.20 a
Year 2007 126 11.69 b 2 16.88 40.1
2008 126 11.14 c
Wheat 126 11.70 b
Forecrop Sugar beet 126 12.23 a 2 19.89 473
Maize 126 11.11 c
. Jersey* 162 11.81 a
Variety . 1 0.68 1.6
Sebastian 162 11.65 a
Form of Sulphate 189 11.68 a
sulphur Elementary 189 11.68 a ! 001 00
c Without 54 11.36 b
g & Atsowing 54 11.89 a
£ B DC 23 54 11.90 a
= . DC31 54 11.64 ab 3 3.56 8.5
SE& 5§  Atsowing 54 1165 a
=& g=|
%‘ 'r_'_E E DC 23 54 11.69 a
< .2 R DC31 54 11.61 a
Error 326 1.06 2.5
Total 335 42.07 100.0

*treatment without additional nitrogen fertilising was left out due to the absence of this treatment in the variety Sebastian

which would be a disadvantage for Jersey.

Note: Treatments with identical letters show statistically insignificant differences in average values (P > 0.99).
n-number of data, d. . - degree of freedom, AS - average square
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2: Contents of N-substances in the harvested malt barley grain varieties Jersey and Sebastian in dependence on the date of additional nitrogen
fertilising in the individual years and after forecrops

SUMMARY

The objective of the three-year small-plot trial was to assess the effect of the year, the forecrop,
the variety, the form of sulphur (elementary and sulphate) and the additional nitrogen fertilising on
the yields and the content of N-substances of the malt barley varieties Jersey and Sebastian. The re-
sults confirmed that 94 % of the yields variability is affected by the weather conditions during indi-
vidual years. The significantly lowest yields were reported in 2006 (3.41 t.ha'), they increased in 2007
(4.07 t.ha') and in 2008, the yields were 7.70 t.ha '. The effect of the weather was very strong and even
overshadowed the effect of the forecrop (3.8 %). In our experiments, maize as the forecrop resulted
in the significantly lowest yields (4.60 t.ha™'), higher yields were reported after wheat (5.46 t.ha!) and
the highest after sugar beet (5.97 t.ha!). The effect of the variety was half that of the forecrop (1.8 %).
The yield potential of the variety Sebastian was higher than the one of Jersey (by 0.5 t.ha™!). The form
of applied sulphur and nitrogen correction carried out during vegetation affected yields relatively
little (0.2 t.ha"), even so fertilisation treatments with elementary sulphur containing urea resulted in
average yields by 0.11 t.ha-! higher than ammonium sulphate treatments.
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The forecrop had the greatest effect on the content of N-substances in the grain (47.3 %). The con-
tent of N-substances was the highest and above the required technological quality after sugar beet
(12.23 %), after wheat it averaged 11.70 % and after maize, the content of N-substances was the lowest
(11.11 %); however, according to the Czech standard CSN 461100-5, it is the most favourable. The va-
riability of the quality parameters of barley grain is markedly dependent on the weather of the given
year (40.1 %). The highest content of N-substances was monitored in 2006 (12.20 %) and the lowest in
2008 (11.14 %). The variety affected the content of N-substances relatively little (1.6 %); in the variety
Sebastian, the content of N-substances was by 0.16 % lower than in Jersey. The effect of applications
of various forms of sulphur on grain quality was low (0.01 %), while the effect of additional nitrogen
fertilising on the content of N-substances was 8.5 %.

SOUHRN

Vliv vybranych faktort péstovani na vynos a obsah dusikatych latek v zrnu sladovnického
jeCmene

Cilem tifletého maloparcelniho pokusu bylo posoudit vliv ro¢niku, pFedplodiny, odrady, formy siry
(elementdrni a siranovi) a pfihnojeni dustkem na vynos a obsah dusikatych latek u odriid sladovnic-
kého je¢mene Jersey a Sebastian. Z vysledki je zFejmé, Ze pritb&h povétrnosti v jednotlivych ro¢ni-
cich ovlivituje vynos témé¥ z 94 %. Priikazné nejnizsi vynos byl zaznamenan v roce 2006 (3,41 t/ha),
vroce 2007 doslo ke zvy3eni (4,07 t/ha) a vroce 2008 byl pramérny hektarovy vynos 7,70 t. Velmi silny
vliv ro¢éniku zastinil vliv pfedplodiny (3,8 %). Pritkazné nejhorsi predplodinovou hodnotu mélav na-
sich pokusech kukufice (4,60 t/ha), vyssitho vynosu bylo dosazeno po p3enici (5,46 t/ha) a nejvy3si
pak po cukrovce (5,97 t/ha). Vliv odrtidy byl ve srovnéni s pfedplodinou polovi¢ni (1,8 %). Vynosove
vys3i potencidl méla odrtida Sebastian v porovnani s odrtidou Jersey (o 0,5 t/ha). Forma aplikované
siry a korekce dusikem provadéné béhem péstovani mély relativné maly vliv na vynos (0,2 t/ha), p¥e-
sto varianty hnojené elementérni sirou s mo€ovinou vykazovaly o 0,11 t/ha vy33i primérné vynosy
neZ varianty s aplikaci siranu amonného.

Na obsah dusikatych latek v zrnu méla nejvetsi vliv pfedplodina (47,27 %). Nejvyssi, ale mimo tech-
nologickou kvalitu, byl obsah N-latek po cukrovce (12,23 %), po p3enici se primérné pohyboval
na drovni 11,7 % a po kukufici byl obsah nejniz3i (11,11%), aviak podle normy CSN 461100-5 se jevilo
jako nejvhodnégjsi. Kvalita zrna je¢mene je vyrazné zavisld na pribéhu povétrnosti daného ro¢niku
(40,12 %), nejvyssi obsah N-latek byl stanoven v roce 2006 (12,20 %) a nejnizsi v roce 2008 (11,14 %).
Odrtida se odrazila na obsahu N-latek relativné mélo (1,6 %), odrtida Sebastian méla 0 0,16 % niz3i ob-
sah N-latek nez Jersey. Vliv aplikace rtizné formy siry na kvalitu zrna byl maly (0,01 %), zatimco pfi-
hnojeni dusikem ovlivnilo obsah N-latek z 8,5 %.

je¢men jarni, hnojeni, formy siry, vynos zrna, obsah N-ldtek

Acknowledgement

The study was funded by the “Research Centre for Study of Extract Compounds of Barley and Hop”
No. IM0570 and as a partial output of the project of the National Agency for Agricultural Research
No. 1G58038 called “Innovation of malting barley management practices by development of diagnos-
tic methods for evaluation of canopy structure, health and nutrient state”.

REFERENCES mental including sulphur fertilisation. Sulphur in

BENADA, J., FLASAROVA, M., HUBIK, K., KRYS- _Agriculture 16:335-338.
TOF, Z., KROFTA, S., KREN, J., MACHAN, F. HRIVNA, L.,RICHTER, R.,LOSAK, T, 2001: The ef-
MILOTOVA I MISA. P. ONDERKA. M. PO. fect of the content of water-soluble sulphur in
KORNY. E. STRALKOVA. R. TICHY. F. VA- the soil on the utilisation of nitrogen, on the yields
NOVA, M., 2001: Metodika péstovdni jarnich obilnin. and quality of winter rape. Rostlinnd vjroba, 47 (1)
Kroméiiz: ZVU, 143. 18-22. .

CERKAL,R., ZIMOLKA, ], HRIVNA, L.,2001: Using HUNOVA, I, HESOUN, R., KURFURST, P, MAZ-
plough down of sugar beet tops to affect the pro- NOVA, ,]",CO,NKOVA’ M, QSTAT{\HCI?A’ J. 20,08'
duction parameters of spring barley in a maize- Atmosférickd deppzme na tzemi ,C€§k€ republiky
growing region. Rostlinnd vijroba, 47 (7): 319-325. Vv roce 2007 [Q/H hn,e]‘ In’: Qstat’mcka J. .(ed): Zne-

HANEKLAUS, S., SCHNUG, E., 1992: Baking qua- ¢isténi ovzdudi na Gizemi Ceske; republiky v roce
lity and sulphur content of wheat. II. Evolution of 2007. Cesky hydrometeorologicky ustav; Praha,

the relative importance of genetics and environ- [cit. 2003'12'27]‘ Dostupné z: http://www.chmi.
cz/uoco/isko/groc/gr07cz/obsah.html.



26 P. Babidnek, P. Vavrousovd, P. Ryant, L. Hfivna, R. Cerkal

CHMIELEWSKI, F, KOHN, W., 1999: Impact of
weather on yield components of spring cereals
over 30 years. Agric. For. Meteorol., 96, 49-58.
ISSN 0168-1923.

CSN 46 1100-5, 2006: Obiloviny potravind¥ské -
¢ast 5: Je¢men sladovnicky. Cesky normalizaéni
institut.

KOSAR, K. et al, 1997: Kvalita sladovnického jec-
mene a technologie jeho péstovani. In: Metodiky
pro zemédélskou praxi. Praha: Ustav zemé&dél-
skych a potravina¥skych technologii, No. 3, 48.

NEMECEK, J., MACKU, J., VOKOUN, J., VAVRI-
CEK, D., NOVAK, P, 2001: Tuxonomicky klasifikacni
systém piid Ceské republiky. CZU Praha - VOMOP. 78.

KLEM, K., VANOVA, M., BABUSNIK, J., 2006: Srov-
nani intenzity pé&stitelské technologie v roce 2005
- interakce s odriidou a pFedplodinou. Kompen-
dium vybranyjch poznatkii pfi péstovdni jarniho sladov-
nického je¢mene a cukrovky. Praha: Ceskd zemé&délska
univerzita, 9-12.

KOPECKY, M., 1983: Vliv nékterych intenzifikac-
nich faktorti na vynos a jakost jarniho je¢mene
,Opal“, Karat“ a ,Zefir“. Rostlinnd Vyroba, 29 (9):
973-984.

MCGRATH S. P. ¢t al., 1996: Development of sulphur
deficiency in crops and its treatment. The Fertili-
zer Society, 47.

MCGRATH, S. P, ZHAO, F. J., 1996: Sulphur uptake,
yield responses and interaction between nitrogen
and sulphur in winter oilseed rape (Brassica napus).
Journal of Agriculture Science, 126 (1): 53-62.

PETR, J., CERNY, V,, HRUSKA, L., 1980: Tvorba vy-
nosu hlavnich polnich plodin. SZN, Praha. 448.

PRIKOPA, M., RICHTER, R., ZIMOLKA, J. and
CERKAL, R.,2005: The influence of the year, fore-
crops and fertilisation on yield and content of
crude protein in spring barley. Plant, Soil and Envi-
ronment, 51 (3), pp. 144-150.

RICHTER, R., RYANT, P, HRIVNA, L., 2005: Ino-
vace péstitelskych technologii jeémene jarniho za-
mé&Fené na dosazeni sladovnické kvality produkce.
Zdvérecnd zprdva projektu, Krom&¥iz: ZVU, 66.

RICHTER, R. RYANT, P, BABIANEK, P,
HRIVNA, L., 2008: Sira ve vyZivé sladovnického
je¢mene. Kompendium - Cesky jecmen pro svétovy trh.
Praha: Ceskd zemé&délska univerzita, 28-30.

SKWIERAWSKA, M., ZAWARTKA, L., ZAWAD-
ZKI, B., 2008: The effect of different rates and
forms of applied sulphur on nutrient composition
of planted crops. Plant, Soil and Environment, 54 (5):
179-189.

SCHNUG, E., HANEKLAUS, S., 1994: Sulphur de-
ficiency in Brassica napus. Landbauforschung
Volkenrode, 31.

SCHERER, H. W,, 2001: Sulphur in crop production
- Invited paper. European Journal of Agronomy, 14 (2):
81-111.

SPUNAROVA, M., PROKES, J., 1998: Jakost sladu
v zavislosti na odradé, roéniku a technologii sla-
dovéani u jarniho je¢mene. Rostlinna vyroba 44 (2):
45-50.

ZIMOLKA, J, CERKAL, R., DVORAK, J, ED-
LER, S., EHRENBERGEROVA, J., HRIVNA, L.,
KAMLER, J., KLEM, K., MILOTOVA, J., MISA, P,
PROCHAZKOVA, B., PSOTA, V., RICHTER, R.,
RYANT, P, TICHY, F, VACULOVA, M., VE]J-
RAZKA, K., 2006: Jecmen — formy a uZitkové sméry
v Ceské republice. 1. vyd. Praha: Profi Press, 200.

ZBIRAL, J. et al., 2005: Analyjza rostlinného materidlu ~
Jednotné pracovni postupy. UKZUZ, 192.

ZHAO, F. ], FORTUNE, S., BARBOSA, V. L., MC-
GRATH, S. P, STOBART, R., BILSBORROW, P. E,,
BOOTH, E. ]J.,, BROWN, A. and ROBSON, P,, 2006:
Effects of sulphur on yield and malting quality of
barley. Journal of Cereal Science, 43 (3), 369-377.

Address
Ing. Petr Babianek, Ing. Pavel Ryant, Ph.D., Ustav agrochemie, ptidoznalstvi, mikrobiologie a vyZivy rostlin,
Ing. Petra Vavrou3ovi, Dr. Ing. Lud&k H¥ivna, Ustav technologie potravin, Ing. Radim Cerkal Ph.D., Ustav
péstovani rostlin, slechténi a rostlinolékafstvi, Mendelova univerzita v Brn¢, Zemé&délska 1, 613 00 Brno,

Ceska republika, e-mail: petrbabianek@seznam.cz.



