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Quality of malting barley grown under different

cultivation systems

Threeyear trialswere conducted to investigate the set of spring barley varieties cultivated according to principles of
ecological agricultureor usingtheordinary agrotechnics (fertilization, seed treatment, herbicides, fungicides, insecticides).
Theweather conditions affected most of the quality traits morethan e.g. nitrogen fertilization or system of cultivation.
Significant differences among yearswere recorded in protein content in grain, relative extract at 45 °C, Kolbach index,
diastatic power, and apparent final attenuation. The cultivation system substantially influenced the (3-glucan content in
wort, it was surprisingly low under ecological system of cultivation. The effect of the cultivation system was also proved in
the hot water extract and partially in Kolbach index and friability.

BC 11 Barley
(Descriptors: Barley, malting quality, different growing systems.

Descriptoren: Gerste, Malzqualitét, unterschiedliche Anbaume-
thoden).

1 Introduction

The quality of malting barley depends on the level of different
traits and properties which in summary define the value of the
material for malt processing.

General weather conditions and the tropical course of weather in
the given year much participate on thelevel of majority traitsand
properties. It is reasonable to specify distinct barley cultivation
regionsaccording toweather and other natural conditionstoreach
the greater sureness of quality production. For example weather
pattern in the regions of central Moravia (Hand) and central
Bohemia (Labe river basin) is similar to the long-term average
weather patterns of the recognized good regions of cultivation of
malting barley in Europe (Petr, 1987).

The forecrop and fertilization are very important factors. Other
factors, such asthe effect of soil conditions, sowing date, sowing
rate and all other agrotechnical measures are manifested rather in
the interaction with weather pattern in the year of cultivation.

Ulonska (1960—1962) reported the greatest i nfluence of agroeco-
logical conditions on yield (79%). percentage of grain > 2.5 mm
(65%), 1000-kernel weight (72%) and protein content in malt
(76%). In bulk density this effect is only about 50%, like in
Kolbach index, soaking capacity, colour of wort, and diastatic
power. The lowest effect of agrotechnical conditions was ob-
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served on extract yield and friability, where is significant the
genotype of cultivated variety (54 and 45%). That iswhy theelite
malting varieties are preferred by maltsters and why the variety
must be declared at the purchase.

The effect of forecrop on the yield of spring malting barley was
reported by (Petr, 1989). Hisresultsfrom four-year investigation
of malting barley more than 21 thousand hectares the yield after
sugar beet was lower by 0.8 tons than after wheat.

A special attention has been paid to the effect of fertilization on
malting barley, because higher nitrogen rates or high mineral
nitrogen in soil increase the content of proteinsin grain aswell as
inmalt and decreasethe extract yield. Lepade (1968) reported that
excess nitrogen fertilization decreased the beer production from
1 ton of barley and reduced thetotal production of beer from 1 ha
by 7 hectolitres. Consequently the whole technology of the mal-
ting barley cultivation must be aimed at the high quality grain
production, the prerequisite of the highest yield of beer of thetop
quality.

So-called “bio-beer” has been produced in recent yearsin some
breweries. Ecologically cultivated malting barley is required for
itsproduction. Thissystem of cultivationisin agreement with the
regulations of the international organization IFOAM (Internatio-
nal Federation of Organic Agriculture Movement) and is con-
trolled and certified. Barley cultivatedin suchway isrequired also
for food production purposes, because it is valued in diets of
healthy nutrition. The presented paper gives a report on the
differences between technological quality of barley cultivated
ecologically according to the IFOAM principlesand barley culti-
vated conventionally-intensively.

2 Material and M ethods

Trials were carried out several years to study the set of spring
barley varieties included in the List of Recommended Varieties.
One series of trials was managed in the way of the ecological
system of cultivation without application of fertilizers and pesti-
cides according to theprinciples of the IFOAM as well as in
agreement with the Methodological Instruction for Ecological
Agriculture of Ministry of Agriculture of the Czech Republic
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Table 1 Nutrient content in soil on ecological and intensive
variant (0—20 cm) in mg.kg?

Variant pH P K Mg Ca | MgkK
Ekological 7.23 99 195 135 | 3127 | 0.70
Conventional | 6.65 135 237 112 | 2892 | 0.49
F-test 34.88" | 15.95" | 251 ns| 4.08 ns|0.62 ns| 16.87 "

Source: Stehno 1998

(CR). According to these principles the Experimental Station of
the Czech University of Agriculture in Prague-UhFinéves was
certified to conduct theseexperiments Thetrial establishment was
preceded by the conversion from conventional to ecological
management which is carried out stock-less. Pedological survey
was performed to evaluate balance of the nutrients and content of
heavy metals and foreign substances. Falls of foreign substances
wereinvestigated intheplaceof trials. Theseanalyses proved that
all values are below the limit boundary.

The Experimental Station UhFinéves is situated in fertile beet
growing region at atitude 295 m above sealevel on luvisol clay
soilswith production capacity of 84 points. The content of availa-
ble nutrientsin soil in the layer 0— 20 cm is presented in Tab. 1.
The quantity of P was good, of K and Mg satisfactory. Average
annual temperature amounts 8.3 °C and sum of annual precipi-
tation is 575 mm. The course of weather isgivenin Tab. 2. Inall
experimental years1995—1997 thetrial swereplanted after wheat
forecrop. The sowing of ecological wasdonein thefirst decade of
April in all the years. Harrowing with weeding harrow once or
twice a year was performed during vegetation. The set of this
system of cultivation is denoted by the abbreviation “ECO”.

The other series of experiments was performed at Plant Breeding
Station Stupice. It is situated some 2 km from Uhfinéves and the

natural environment isamost identical. The trials were managed
in the way of the conventional system using seed treatment,
fertilizers and pesticides. Sugar beet was used as a forecrop.

Soil reaction was more favourable at Stupice, there was higher P
content, good K content, lower Mg and Ca contents, and less
favourableratioMg:K. Content of mineral nitrogen (Nmin) at the
depth 0—30 cm of soil was higher at Stupicethan at Uhfinévesin
most monthsexcept Juneand July 1996 (Sehno, 1998). Fertiliza-
tionintheform of combined NPK fertilizer at the rate 30— 40 kg
N, 30— 40 kg P,O, and 30 - 40 kg KO close before sowing was
done. Herbicideswereapplied in post-emergently and insecticide
against cock was also used. Sowing was performed in the first
decade of April. The set of this cultivation system is denoted as
“INT”.

Theresultsof analysesof identical varietiesfrom four experimen-
tal stations of the Central Institute for Supervising and Testing in
Agriculture (CISTA) of CR are presented for comparison. The
system of barley cultivation at these stations was similar to the
system used at Stupice. The set is denoted as“CR”.

Grain samplesfrom the experimentsweremicro-malted by proce-
dure recommended by EBC and modified at the Brewery and
Malting Research Ingtitute, Brno, CR. The modification consists
intheshortening of thetotal time of malting from 168 hoursto 144
hours (Psota et al., 1998). Barley and produced malt were analy-
zed according to the EBC methodologies (1978) and MEBAK
(1979).

The trial included the most important Czech and Slovak malt
varieties: Akcent and Amulet (Selgen, a.s., Prague, Czech Repu-
blic), Jubilant, Sladko and Kompakt (Hordeum, s.r.o.,
Sladkovitovo, Slovak Republic and Forum (Hybritech, as.,
Kromériz, Czech Republic).

The experimental data were analyzed by means of ANOVA and
theeffectsof varieties, yearsand cultivation systemswereestimated.

Table2 Weather in experimental years 1994 to 1997 (aver age monthly air temperature °C and monthly sum of precipitation)
Y ear 1994 — 1995 1995 — 1996 1996 — 1997 Long-term
Month average

Air Sum of Air Sum of Air Sum of Air Sum of

temperatur  precipitation  temperatur  precipitation  temperatur  precipitation  temperatur  precipitation

°C (mm) °C (mm) °C (mm) °C (mm)
IX 144 56.5 132 89.2 10.7 489 14.0 49.0
X 6.9 309 10.9 10.3 9.8 231 8.6 41.0
XI 6.7 22.7 17 315 52 28.6 32 34.0
Xl 2.6 55.1 -14 30.6 —4.4 215 -05 34.0
I -0.6 27.1 -35 9.8 4.4 215 21 28.0
I 52 12.4 =30 19.9 34 224 -0.8 27.0
" 35 63.7 0.3 21.8 52 44.8 34 31.0
v 95 0.0 9.5 233 6.3 35.1 8.2 46.0
\Y, 13.2 115.2 13.0 169.7 14.6 257 134 65.0
\ 155 89.4 16.8 110.6 17.0 84.1 16.3 74.0
Vil 21.1 32.6 16.5 105.7 17.8 110.2 18.2 74.0
VIl 18.7 99.3 17.6 575 195 60.6 175 72.0
Annual 9.3 605 7.6 680 84 526 8.3 575.0
sum of
temperatures/
precipitation
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3 Results and Discussion

The values of quality parametersin the three cultivation systems
aregivenin Tab. 33, b.

The protein content in barley differs significantly within years.
Thehighest average protein content was observed in 1995 and the
lowest one in 1996.

The differences in the nitrogen compounds content in different
cultivation systems and years were not significant. Only in 1996
the protein content was significantly lower in the cultivation
systems INT and ECO and in 1997 the protein content was
significantly higher in intensive cultivation system (INT).

Generally, the extract content was highest in all cultivation sys-
temsin 1996 — 82.9%. In 1995 the content was 81.5% and 1997
81.9% and these differences were not significant. However, the
differences of other traits within cultivation systems and years
were significant.

The highest values of extract brought intensive (INT) and ecolo-
gical (ECO) cultivation systems, 82.6% and 82.5%, respectively,
significantly more than in the CR variant.

Therelative extract at 45 °C washighest in 1996, too, - 48.7% and
lowest in 1997 — 41.0%. The effect of years was decisive, the
cultivation systems' effect was less important.

Y ear and cultivation system affected Kolbach index in adecisive
way. The highest values were observed in 1996 — 51.4% and the
lowest values in 1997 — 45.9%. The differences of the Kolbach
index values between ECO and INT systemswere not significant,
but they were higher than in the variant CR.

Diastatic power was influenced mainly by the year. The highest
valueswerefoundin 1995 (356 ). WK) andthesignificantly lowest
values occurred in 1996 (298 j. WK). No effect of cultivation
system was recorded.

Table 3 a Quality parameters of varieties of malting barley from different cultivation systems
Parameter Y ear 1995 1996 1997 1995 —- 1997 Average
for all
systems
andyears
Cultivation CR INT ECO CR INT ECO CR INT ECO CR INT ECO
system
Akcent 118 112 118 105 97 94 105 118 108 109 109 107 10.8
Amulet 119 112 114 104 96 100 104 118 118 109 109 111 11.0
Forum 113 111 111 104 95 93 104 107 93 107 104 99 10.3
PG Jubilant 113 109 115 108 100 96 108 110 109 110 106 107 10.8
Kompakt 113 117 118 103 94 106 103 109 98 106 107 107 10.7
Sladko 110 113 116 106 101 103 106 119 107 107 111 109 10.9
Average 114 112 115 105 97 99 105 114 106 108 108 107 10.7
Akcent 80.7 818 806 811 827 832 811 812 819 810 819 819 81.6
Amulet 814 827 812 819 836 843 819 822 806 817 828 828 82.3
Forum 821 829 814 816 842 848 816 826 835 8L7 832 832 82.7
E Jubilant 813 821 807 807 832 835 807 821 822 809 825 825 81.9
Kompakt 819 821 812 821 837 842 821 826 835 820 828 828 82.6
Sladko 815 821 808 818 834 838 818 813 822 817 823 823 821
Average 815 823 810 815 835 840 815 820 823 815 826 826 82.2
Akcent 457 505 481 446 495 550 446 404 419 45 468 483 46.7
Amulet 385 404 382 364 458 482 364 356 341 371 406 402 393
Forum 390 422 388 375 415 472 375 382 384 38 406 415 40.0
RE 45 Jubilant 448 482 462 420 531 549 42 431 414 429 481 475 46.2
Kompakt 469 487 465 490 539 556 49 353 436 483 460 486 47.6
Sladko 50.6 527 531 481 564 587 481 435 456 489 509 525 50.8
Average 43 471 452 429 500 533 429 394 408 434 455 464 451
Akcent 445 522 499 450 509 540 450 428 462 448 486 500 47.8
Amulet 447 497 478 451 527 552 451 431 411 450 485 480 47.2
Forum 46.0 523 492 445 496 547 445 446 483 450 488 50.7 48.2
K Jubilant 459 491 482 439 522 570 439 434 470 446 482 50.7 47.8
Kompakt 50.1 51.8 518 499 559 556 499 475 515 500 517 530 51.6
Sladko 51.3 543 542 478 539 574 478 446 500 490 509 539 51.3
Average 471 516 502 460 525 557 460 443 474 464 495 511 49.0
Note: * significantly different values, PG = proteinsin grain (%), E = extract (%), RE 45 = relative extract at 45 °C (%), K = Kolbach number
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Tab. 3b Quality parameters of varieties of malting barley from different cultivation systems
Parameter  Year 1995 1996 1997 1995 - 1997 Averagefor all
systems
and years

Cultivation CR INT ECO CR INT ECO CR |INT ECO CR INT ECO
system
Akcent 358 30 375 310 290 235 310 325 330 326 322 313 320
Amulet 368 360 335 320 280 305 320 390 415 336 343 352 344
Forum 403 415 400 380 320 315 380 380 340 383 372 32 370

DP Jubilant 299 315 33 325 295 230 35 33B 325 316 315 297 309
Kompakt 355 370 38 318 235 350 318 33B 280 330 313 338 327
Sladko 319 325 35 318 245 310 318 320 310 318 297 325 313
Average 350 3B6 364 329 278 291" 329° 348 334 336 327 330 331
Akcent 828 847 828 815 833 828 815 802 815 819 827 824 82.3
Amulet 825 823 815 806 848 839 806 802 796 812 824 817 81.8
Forum 834 846 831 826 845 850 826 810 835 829 834 839 834

AFA Jubilant 816 820 811 808 823 800 808 799 798 811 814 803 80.9
Kompakt 823 832 802 817 838 833 817 803 805 819 824 813 81.9
Sladko 849 849 840 829 846 848 829 801 811 836 835 833 834
Average 829 836 821 817 839 833 817 803 810 821 826 822 82.3
Akcent 804 870 858 788 843 914 790 700 880 794 804 884 82.7
Amulet 773 830 808 770 879 872 770 770 740 771 826 807 80.1
Forum 868 910 935 860 858 933 860 8.0 970 863 886 946 89.8

F Jubilant 845 890 916 835 865 900 830 840 890 837 865 902 86.8
Kompakt 889 910 913 873 900 892 870 850 950 877 887 918 894
Sladko 848 830 830 808 892 905 800 730 910 819 834 898 85.0
Average 838 882 885 822 873 903 820 797 890 827 850 893 85.7
Akcent 193 149 88 273 259 198 273 291 241 246 233 176 218
Amulet 140 160 106 278 191 164 278 201 221 232 184 164 193
Forum 145 79 51 243 241 153 243 267 173 210 196 126 177

BG Jubilant 98 108 43 191 184 158 191 214 158 160 169 120 150
Kompakt 65 59 42 199 149 153 199 151 148 154 120 114 129
Sladko 123 81 59 285 173 122 285 296 188 231 183 123 179
Average 127 106 65 245 200 158 245 237 188 206 181 137 174

Note: * significantly different values. DP = diastatic power (WK). AFA = apparent fina attenuation (%). F = friability (%), BG = B-glucan content in wort (mg/1).

The values of apparent fina attenuation among varieties and
cultivation system are not much different. Significant differences
were observed among years.

Friability wassignificantly affected by thecultivation systemsbut
not by the years. The highest values were recorded in ecological
cultivation system.

B-glucan content in wort was surprisingly low in ecological
cultivation system — 137 mg/l in total average of thetrial.

The effect of cultivation system and year was manifested signifi-
cantly.

In majority of the investigated traits the effect of weather (years)
was confirmed and expressed by significant difference between
the values obtained. Similar results were achieved also by Ulonska
(1960—1962), asmentioned above. Thesedependencesaspresented
by Prugar and Hrasko (1989) arerelatively in detail. In our results
the effect of different years was not manifested only in friability.

The best malting quality was reached in samples from the ECO
system in the years 1996 and 1997. In 1995 only this set showed
lower values of extract content and increased values of protein
contentin barley grain. In survey presented by Prugar and Hrasko
(1989) greater effect of weather than nitrogen fertilization is
emphasized. Here can be a so found theimportance of weather for
good barley quality: early and warm spring, cold May rich in
precipitation, drier but cooler weather after cessation of blooming
aswell asinthetimeof caryopsisformation and dry inthetime of
harvest - such weather pattern contributesto the best quality grain
production. The year 1995 may be considered good in our expe-
riments, andinview of quality alsotheyear 1996, but not fromthe
viewpoint of theyield.

Fromtheresultsobtaineditisevident that all varietiesusedin our
experiments are of excellent malting quality.

Protein content in barley grain was in most cases close to the
required range 10.7% —11.2%. None of the samplesexceeded the
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value 11.9% and the value 9.5% or less was reached only by two
samplesin 1996.Extract content valueswereon an excellent level
inmost cases. Only inthreesamplesintheyears 1996 and 1997 the
value wasfalling below 81.0%. It is evident from the results that
thebest valueswerereached by thevarieties Forum, Kompakt and
Amulet.

The optimum values of relative extract at 45 °C are within range
36 — 38%. The varieties Amulet and Forum were closest to the
present requirements.

The demands on proteolytic break down fell down and now the
valuesaround 38 —42% of K olbach index arerequired. All tested
varietieshad good levelsof thistrait. None of the used cultivation
systems decreased this value significantly.

Generally it can be said that the activity of amylolytic enzymes
was on excellent level in al samples. The diastatic power value
wasonly exceptionally below 280 WK (in 1996) and in no caseit
fell below 220 WK.

Wort composition on average neared to the optimum level, appar-
ent final attenuation fell below the value 80% only intwo casesin
1997. Thebest valueswere manifested by thevarieties Forum and
Sladko from INT cultivation system.

Cytolytic solution, charactarized by the friability values and the
content of B-glucans in wort, was the most affected by the
cultivation system in favour of ECO system. Only in six samples
the friability values fell below 79.0%. The highest values were
reached by the variety Forum. 3-glucan content in wort wasin 17
samples higher than 200 mg/l from the years 1996 and 1997. The
lowest valueswere obtained by the variety Kompakt. Only inthis
variety al samples showed (3-glucan content in wort lower than
200 mg/l. The ECO system most suited the varieties Forum,
Kompakt, Sladko, theleast thevariety Amulet. Inthe ECO system
themajority of studied varietiesreached better resultsthanin other
two systems. The quality increased significantly especialy in
those varieties which showed the worst results in the CR set.

IntheINT system the best technol ogi cal parameterswerereached
by the varieties Kompakt, Jubilant and Sladko, the worst results
were reached by the variety Akcent.

Inthe CR set of experimentsthebest technol ogical quality reached
the varieties Kompakt, Sladko and Forum, theworst —the variety
Amulet. Worse results obtained in the set could be explained by
the fact that this set comprised aso the sites outside the region
suitablefor cultivation of malting barleys. Itisrelated particularly
to theyears 1996 and 1997, when the greater proportion of barley
grain samples originated from less favourable regions.

From point of view of malting quality thevariety Kompakt wasthe
most successful in all three cultivation systems.

4 Zusammenfassung

Petr,J., Skefik, J., Psota, V., und Langer,|.: Qualitat von Brauger ste,
dienach ver schiedenen Anbaumethoden angebaut wur de— Monats-
schrift fir Brauwissenschaft 53, Nr. 5/6, 90 — 94, 2000

BC 11 Gerste

Uber einen Zeitraum von drei Jahren wurden V ersuche durchgefihrt, um
eine Auswahl verschiedener Sommergerstensorten zu untersuchen, die

nach den Grundsétzen des 6kologischen Landbaus bzw. mittels her-
kémmlicher landwirtschaftlicher Techniken (Diingung, Saatgutbehand-
lung, Herbizide, Fungizide, Insektizide) angebaut wurden. Die Witte-
rungsbedingungen hatten auf die meisten Qualitétsmerkmale einen gro-
Feren EinfluR als z.B. Stickstoffdiingung oder Anbausystem. Erhebliche
Unterschiede zwischen den verschi edenen Jahren waren beim Proteinge-
haltim Getreide, Extrakt der VZ 45, K olbachzahl, der Diastatischen Kraft
und des scheinbaren Vergérungsgrades zu verzeichnen. Durch die An-
baumethode wurde im wesentlichen der (3-Glucan-Gehalt der Wiirze
beeinflul, er war erstaunlich niedrig bei der kol ogischen Anbaumetho-
de. Die Auswirkungen der Anbaumethode konnten auch im Hei3wasser-
extrakt und teilweisein der Kolbachzahl und im Friabilimeterwert nach-
gewiesen werden.

Petr, J., Skefik, J., Psota, V., et Langer, |.: Qualité desorgesbrassi-
coles qui ont été emblavées par différentes méthodes de culture —
Monatsschrift fir Brauwissenschaft 53, No. 5/6, 90 — 94, 2000

BC 11 Orge

Sur unedurée detroisans, on aeffectué desessaisdanslebut d’ examiner
lechoix dedifférentesorgesde printempsqui ont été cultivéessuivant les
bases d’une culture écologique, ¢’ est-a-dire par la mise en oeuvre de
techniquesagroculturalestraditionnelles(fumure, traitement dessemences,
herbicides, fongicidesinsecticides). Lesconditions météorol ogiques avaient
une plus grande influence que, par exemple, la fumure azotée ou le
systeme de culture. Des différences importantes ont été observées entre
les différentes années au niveau de la teneur en protéines des céréales,
extraitdeVZ 45, indiceKolbach, pouvoir diastasiqueet degréd’ atténuation
apparent. Laméthode de culture ainfluencé essentiellement lateneur en
béta-glucane du modt qui était étconnamment bas pour |la méthode de
culture écol ogique. L esconséquencesdelaméthode de culture pouvai ent
étre identifiées sur I'extrait d’ eau chaude et partiellement sur I'indice
Kolbach et sur les valeurs du Friabilimétre.
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