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Studie hodnoti kvalitu sladovnickych odrid jeémene jarniho, vyslechténych ve Slechtitelské stanici v Hrubcicich. Za 60 let Slechténi
se zvySil obsah extraktu o 2,2 procentniho bodu, uroven relativniho extraktu pfi 45 °C se zvysila o 2,4 procentniho bodu a Kolbachova
Cisla 0 4,2 procentniho bodu. Diastatickd mohutnost se zvysila o 60,6 j.WK. Kvalita sladiny se zvysila o 2,8 procentniho bodu a Uroven
friability o 6,8 procentniho bodu. Obsah B-glukanu ve sladiné se snizil o 23,0 mg/l, ale byl statisticky neprikazny. Odridy se podilely
na zlepseni obsahu extraktu ve sladiné z 12,34 %, na urovni relativniho extraktu pfi 45 °C z 4,84 % a Kolbachova ¢isla z 2,35 %. Hod-
notu diastatické mohutnosti ovlivnily odridy z 23,44 % a kvalitu sladiny z 11,25 %. Degradace bunéénych stén byla ovlivnéna odriidou
z 11,42 %, ale obsah B-glukanu ve sladiné z 6,36 %.

Korhon, R., Psota, V., 2017: Progress in breeding of spring barley for malting quality in the Breeding Station Hrub¢ice. Kvasny
Prum. 63(3): 126-133

The study assesses the quality of spring barley malting varieties bred in the Breeding Station in Hrubcice. After 60 years of breeding,
extract content, the level of relative extract at 45 °C, and Kolbach index increased by 2.2, 2.4, and 4.2 percentage points respectively.
Diastatic power increased by 60.6 WK units. Wort quality improved by 2.8 percentage points and the friability level by 6.8 percentage
points; B-glucan content in wort reduced by 23.0 mg/l but this was not statistically significant. The varieties contributed to the improve-
ment of extract content in wort from 12.34%, to the level of relative extract at 45 °C from 4.84% and Kolbach index from 2.35%. The value
of diastatic power was affected by the variety from 23.44% and wort quality from 11.25%. The degradation of cell walls was affected by
the variety from 11.42% while 3-glucan content from 6.36%.

Korhon, R., Psota, V., 2017: Fortschritte in der Zucht der Sommergerste auf die Brauqualitat in der Ziichterstation Hrubcice.
Kvasny Prum. 63(3): 126—-133

Der Artikel beschreibt die Qualitdt der Sommerbraugerstensorten, die in der Zichterstation HrubCice gezuichtet worden waren. Im
Zeitraum von 60 Jahren der Zlchterstationstatigkeit wurde der Gehalt an Extrakt um 2,2 Prozentpunkte, der Spiegel des Relativextrakts
bei der Temperatur 45°C um 2,4 Prozentpunkte, Kolbachzahl um 4,2 Prozentpunkte erhoht. Die diastatische Kraft wurde um 60,6 WK
erhoht. Die SuBwirzequalitat wurde um 2,8 Prozentpunkt und Spiegel der Friabilitat um 6,8 Prozentpunkte erhdht. Der Gehalt an Beta-
Glukane in der StiBwirze wurde um 23,0 mg/l reduziert, aber es war statistisch nicht Gberzeugend. Die Sorten hatten einen Anteil an
Verbesserung des Gehalts an Extrakt in der StiBwirze vom 12,34%, auf dem Spiegel des relativen Extrakts bei 45°C vom 4,84% und
auf die Kolbach Zahl vom 2,35%. Der Wert der diastatischen Kraft wurde durch die Sorten vom 23,44% und die StBwurzequalitat vom
11,25% beeinflusst. Durch die Sorte wurde eine Degradation der Zellwande 11,42% und den Gehalt an Beta-Glukane in der StuBwirze

vom 6,36% beeinflusst.

Kli¢ova slova: odruda, Slechtitelsky progres, sladovnicka kvalita,
Hrubcice

1 UvoD

Studie ukazujici Slechtitelsky pokrok jsou vzdy velice zajimavé.
V pfipadé je€émene se vétsina téchto studii tykala hlavné morfologic-
kych, fenologickych a agronomickych charakteristik (Martiniello et
al., 1987; Przulj, 1997; Ortiz et al., 2001; Abeledo et al., 2003; Zako-
véa a Benkova, 2006) a jen malo studii popisuje progres v oblasti
sladovnické kvality (Passarella et al., 2003; Walmsley a Sarx, 2005).

1.1 Historie Slechtitelské stanice Hrub¢ice

Slechtitelska stanice v Hrubgicich oslavila 60. vyro¢i Slechténi
obilnin. Stanice pro$la za tu dobu mnoha zménami. V ¢ase se méni-
ly naroky a pozadavky trhu, rasova spektra patogent, dostupnost
genetickych zdroju, technologie, které ma $lechtitel k dispozici, a ne-
jen proto ma Slechténi neustalou perspektivu. Hlavnim cilem Slechti-
telské stanice v Hrubgicich bylo a je produkovat odridy, o které ma
péstitel a zpracovatel zajem.

Slechtitelska stanice (SS) Hrubgice vznikla v r. 1948 a z po&atku
byla umisténa v objektech zamecku v Hrubcicich a hospodafila
na polnostech, patficich do r. 1948 Arcibiskupstvi olomouckému.

Keywords: variety, breeding progress, malting quality, Hrubcice

1 INTRODUCTION

Studies showing breeding progress are always very interesting. In
case of barley, most of these studies dealt commonly with morphologi-
cal, phonological and agronomical characteristics (Martiniello et al.,
1987; Przulj, 1997; Ortiz et al., 2001; Abeledo et al., 2003; Zakova and
Benkova, 2006) and only a few studies described progress in the field
of malting quality (Passarella et al., 2003; Walmsley and Sarx, 2005).

1.1 History of the Breeding Station Hrubgdice

The Breeding Station in Hrubcice celebrated the 60" anniversary
of breeding of cereals. Over the time, the Station went through a lot
of changes. Demands and requirements, spectra of pathogen races,
genetic resources, technology available to breeders changed with
time, thus breeding has had a constant perspective. The main aim of
the breeding station in Hrubcice has been to produce varieties in
which the breeder and processor are interested.

The Breeding Station (BS) Hrubgice was founded in 1948 and at
the beginning it was placed in the manor in Hrub&ice and operated in
the fields belonging to 1948 to the Archdiocese of Olomouc. The Sta-
tion is located ca 6km to the east from Prostéjov in the most inten-
sive area of Hana with the most fertile soils (Leke$, 1997).
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Stanice je dislokovana cca 6km vychodné od Prostéjova v nejinten-
zivnéjsi oblasti Hané s nejurodnéjdimi pidami (Leke$, 1997).

V roce 1955 se stala SS HrubCice soucasti Slechtitelského a se-
menarského podniku Brno (Némec et al., 2000). Slechténi obilovin
se ve stanici traduje od roku 1956, kdy sem ze Slechtitelské stanice
Kralice na Hané bylo pfesunuto Slechténi obilovin (Lekes, 1997).

Pocinaje rokem 1960 doslo k dalSi specializaci Ceskoslovenskych
Slechtitelskych stanic (RaziCka, 2006) a ze Slechtitelskych stanic Ce-
lechovice na Hané, Novy Dvlr (dnes soucast Olomouce) a Horni
Mosténice a Stara Ves nachéazejicich se nedaleko Pferova byl pre-
veden veskery Slechtitelsky material obilovin do SS Hrubéice. V roce
1969 byla v Hrubgicich dokon¢ena nakladem cca 5 mil. K&s vystavba
novych objektl stanice (Leke$, 1997).

V rdmci reorganizace v roce 1977 byly plodinové vyzkumné ustavy
organizaéné spojeny s vybranymi Slechtitelskymi stanicemi. Proble-
matiku obilovin feSila OSEVA, Vyzkumny a Slechtitelsky ustav obil-
narsky, Kroméfiz. Ukolem tohoto Ustavu byla tvorba novych odrud
obilovin a udrzovaci $lechténi povolenych odrud. Tato prace byla
soustfedéna do 6 Slechtitelskych stanic véetnévSS Hrubdice (Razi¢-
ka, 2006). V letech 1978 az 1982 probéhla ve SS Hrubdice rozsahla
vystavba. Byly vybudovény objekty pro biotechnologické postupy
ve Slechténi, vypocetni stfedisko a klimatizované skleniky pro urych-
leni Slechtitelskych postupl mnoZenim nékolika generaci v jednom
roce (Lekes, 1997).

S politickymi zménami po roce 1989 byly spojeny i zmény organi-
zaéni, které se dotkly i SS Hrubgice. V letech 1990-1993 se SS
Hrubcice stala nejprve soucéasti firmy MORSTAR, Moravsky Slechti-
telsky Ustav Kroméfiz, s.p. V roce 1993 byla stanice privatizovana
a vznikla spole¢nost PLANT SELECT, spol. s . o.

V roce 1999 se firma PLANT SELECT, spol. s r. o., se sidlem
v Hrubgicich stala soucasti firmy CEBECO SEEDS s. r. 0. Od roku
2006 pak nalezela spole¢nosti Innoseeds, s. r. 0. a od roku 2007 je
soucasti spole¢nosti Limagrain Central Europe Cereals, s. r. 0.

Slechténim jeémene jarniho se ve $lechtitelské stanici Hrubéice
zabyvali:

Ing. K. Domkar (1955-1982) vedouci stanice (1961-1979), Slechtil
pSenici jarni a ozimou a je¢men jarni

Ing. F. Minafik (1962-1991) vedouci stanice (1980-1991), Slechtil
je€men jarni

Doc. Ing. J. Bouma, CSc. (1970-1992) Slechtil je¢men jarni a pseni-
ci ozimou

Ing. P. Svacdina (1973-2014) Slechtil je€men jarni

Ing. D. Komonova (1980—dosud) Slechti je¢men jarni.

1.2 Metoda Slechténi jeémene jarniho v Hrubg¢icich

Metoda Slechténi doznala ¢asem jistych zmén, nicméné zaklad je
postaven na stejném modelu, ktery byl pouzivan v minulosti (Svaci-
na 1998a; 1998b; 2002; 2005a; 2005b).

Kfizeni se provadi na odstfizeném stéble v Cervnu v laboratornich
podminkach. Slechtitelsky cyklus se urychluje prepéstovanim ra-
nych generaci F1 a F2 mimo vegetaéni obdobi ve skleniku. Individu-
alni vybér rostlin probiha v generaci F3 na poli nasledujici rok po kfi-
Zeni. Zakladem odrudy se pak stava potomstvo rostliny oznacené
Cislem vybéru.

Potomstva rostlin v F4 generaci se vysévaji na pole, na parcely
o ploSe 1 m2. Od generace F4 se zahajuje testovani odolnosti proti
padli jeCmene (Blumeria graminis f. sp. hordei). Rasy patogena k na-
mnozeni a nasledné inokulaci testovanych rostlin v zimnim obdobi
dodava doc. Ing. Antonin Dreiseitl, CSc., ze Zemédélského vyzkum-
ného Ustavu Kroméfiz, s. r. o.

V generaci F5 se zakladaji prvni informaéni vynosové zkousky
(1 lokalita, 1 x 10 m?). Od této generace probihaji mikrosladovaci
zkousky na pracovisti Vyzkumného ustavu pivovarského a sladaf-
ského, a. s.

V generaci F6 se vysévaji vynosové zkousky Ctyfikrat opakované
na 2 lokalitach a dvakrat opakované na dalSich 2 lokalitadch. Soucas-
né se zahajuje udrzovaci Slechténi odrud.

V generaci F7 probihaji mezistanicni pfedzkousky, které jsou za-
kladany celkem na 9 lokalitdch v Ceské republice (6 lokalit) a Slo-
venskeé republice (3 lokality), na 3 lokalitach ve Spojeném kralovstvi,
3 lokalitach v Némecku a 3 lokalitdch ve Francii. VSechny linie
ve Slechtitelském programu jsou testovany v samostatném pokusu
v podminkach pfirozené infekce bézné se vyskytujicich patogend.
Pokus je zaklddan na pozemku s vhodnou predplodinou. V ramci
spole¢nosti Limagrain Europe S.A. jsou vyuzivany sluzby firemni
molekularni laboratofe, zejména pak pro testovani informativnimi
markery. Byly spustény specidlni projekty, s cilem zlepSit zdravotni

In 1955, the BS Hrubgice became a part of the Breeding and
Seed-Producing Company (Némec et al., 2000). The tradition of
breeding of cereals started in the station in 1956 when breeding of
cereals was transferred here from the breeding station in Kralice
na Hané (Leke$, 1997).

From 1960, Czechoslovak breeding stations became further spe-
cialized (Ruzicka, 2006) and all cereal breeding material was trans-
ferred from the breeding stations Celechovice na Hané, Novy Dvur
(today part of Olomouc) and Horni Mo&ténice and Stara Ves, which
are situated near Prerov, to the BS Hrubcice. In 1969, new breeding
facilities were built in Hrubgice with costs of ca CZK 5 mil. (Leke$,
1997).

Within the reorganization in 1977, crop research institutes were as-
sociated with the selected breeding stations. The issue of cereals was
solved by OSEVA, Cereal Research and Breeding Institute, Kroméfiz.
The task of this institute was to create new cereal varieties and main-
tain breeding of the permitted varieties. This work was concentrated to
six breeding stations including the BS Hrubcice (Rizi¢ka, 2006). In
1978 to 1982, new facilities for the biotechnological procedures in
breeding, computing centre and air-conditioned greenhouses to speed
up breeding procedures by multiplying several generations in one year
were constructed in the BS Hrubcice (Lekes, 1997).

The organization changes were connected with the political
changes after 1989, these changes also involved the BS Hrubdice.
Firstly, in 1990-1993, the BS Hrubdice became part of MORSTAR,
the Moravian Breeding Institute in Kroméfiz, state enterprise. In
1993, the station was privatized and PLANT SELECT, s. r. 0., was
established. In 1999, PLANT SELECT, s. r. o., with the seat in
Hrubgice became part of CEBECO SEEDS Ltd. From 20086, it be-
longed to the company Innoseeds, s. r. 0. and since 2007 it has been
part of Limagrain Central Europe Cereals, s. r. 0.

Following breeders were involved in spring barley breeding in
the Breeding Station Hrubcice:

Ing. K. Domkar (1955-1982) head of the station (1961-1979), he
bred spring and winter wheat and spring barley

Ing. F. Minafik (1962—-1991) head of the station (1980-1991), he
bred spring barley

Doc. Ing. J. Bouma, CSc. (1970-1992) bred spring barley and winter
wheat

Ing. P. Svacdina (1973-2014) bred spring barley

Ing. D. Komonova (1980-so far) has been breeding spring barley

1.2 Method of breeding of spring barley in Hrub¢ice

Although the breeding method has been modified, its basis is built
on the same model which was used in the past (Svacina, 1998a;
1998b; 2002; 2005a; 2005b).

Crossing is carried out on a cut-off stem under laboratory conditions
in June. The breeding cycle is accelerated by growing of the F1 and F2
generations in a greenhouse during the non-growing season. The in-
dividual selection of plants takes place in the F3 generation in the field
the year after the crossing. The offspring of the plant marked by the
selection number then becomes the basis of the variety.

The offspring of F4 generation plants are sown on fields, on plots
of 1 m2. From F4 generation, testing of resistance to powdery mildew
of barley starts (Blumeria graminisf.sp.hordei). Pathogenic races for
propagation and subsequent inoculation of tested plants in the winter
period are delivered by doc. Ing. Antonin Dreiseitl, CSc,. from the
Agricultural Research Institute Kroméfiz, s. r. o.

The first information yield tests (1 site, 1 x 10 m2) are set up in the
F5 generation. Since this generation, micro-testing takes place at the
Research Institute of Brewing and Malting, Plc.

In the F6 generation, yield tests are sown four times repeatedly at
2 locations and twice repeatedly on other two locations. At the same
time, maintaining breeding of varieties is started.

In the F7 generation, inter-station pre-tests are held, which are
established totally on 9 localities in the Czech Republic (6 locations)
and the Slovak Republic (3 locations), 3 locations in the United King-
dom, 3 locations in Germany and 3 locations in France. All lines in
the breeding program are tested in a separate experiment under
conditions of natural infection of commonly occurring pathogens.
The experiment is established on a plot with a suitable pre-crop.
Within Limagrain Europe S.A., services of the company’s molecular
laboratory are used, namely for testing with informative markers.
Special projects have been launched with the aim to improve the
health of new varieties. Since 2015, for example, a project aimed at
enhancing barley resistance to (Pyrenophorateres f. teres) has been
conducted.
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Tab. 1 Seznam odrid je€mene jarniho vySlechténych v Hrubcicich za 60 let Slechténi / Table 1 The list of spring barley varieties bred in
Hrubcice during 60 years of breeding

5 % | Identifiktor AL i
& 3 Accession Odrida | registrace Slechtitel Vyuziti Rodokmen *
S S - Variety | Registra- Breeder Uses Pedigree *
tion year
1 03C0601303 |Denar 1969 Minafik, F. M/S Celechovicky Hanacky/Bavaria
- . Domen//Valticky/Hanacky Jubilejni/3/
2 |03C0601200 |Ametyst 1972 Minafik, F., Domkar, K. M/S, DT Voldagsen/4/Diamant
3 | 03C0600090 |Hana 1973 Minarik, F., Domkar, K. M/S, DT |Diamant/Alsa
4 03C0600091 | Favorit 1973 Minafik, F., Domkar, K. M/S, DT | Diamant/Firlbecks Union
5 03C0600095 | Rapid 1976 Minafik, F., Domkar, K. M/S, DT | Voldagsen/Kneifel//Diamant/3/Denar
6 |03C0600064 |Diabas 1977 | Minafik, F., Domkat, K. m/s, pT | Amsel/Diamant/Firlbecks-Union/
Branisovicky
7 |03C0600055 |Spartan 1977 Minafik, F., Domkar, K. M/S, DT | Diamant/Valticky//Monte Cristo/Ekonom
. R . Diamant//Valticky/Kneifel/3/Arabische
8 |03C0600096 |Safir 1978 Minafik, F., Domkaf, K. M/S, DT Zweizeilige
. - . Hana/4/Carlsberg I/F.Union//Alsa/3/
9 |03C0600089 |Koral 1978 Minafik, F., Bouma, J. Domkar, K. |M/S, DT Celech.hanacky/J25
10 |[03C0600101 |Opal 1980 Minafik, F., Bouma, J. Domkaf, K. | M/S, DT | Ametyst/Palestine 10//Sladar
11 | 03C0600104 |Krystal 1981 Minafik, F., Bouma, J. Domkaf, K. | M/S, DT |Koral/Rapid
. R Valticky//Algerian/Valticky/3/F.Union/4/
12 | 03C0600059 |Rubin 1982 Bouma, J., Minafrik, F. M/S, DT Diamant/5/Diamant/H.St 13703-64
13 | 03C0600061 |Bonus 1984 Minafik, F., Bouma, J., Domkar, K. | M/S, DT | R 964-71/He 858//R 964-71/Nadja
14 | 03C0600060 |Kredit 1984 Minafik, F., Bouma, J., Domkar, K. | M/S, DT | Nadja/Km 1192
. Minarik, F., Bouma, J., Domkar,
15 | 03C0600066 |Jaspis 1986 K.. Svagina, P.. Ohnoutka, Z. M/S, DT | St 6984/Opal
Minafik, F., Bouma, J., Domkatr,
16 |03C0600069 |Perun 1987 K., Svagina, P.. Ohnoutka, Z. M/S, DT |HE 1728/Karat
17 |03C0602184 |Heran 1992 Minarik, F., Svacina, P. F/K HE 3380/Salome
, Svacina, P., Minarik, F., . )
18 |03C0602485 |Granat 1995 Ohnoutka, Z. M/S, DT | Jaspis/Korina
) Svacina, P., Minafik, F., .
19 |03C0602424 |Primus 1995 Ohnoutka, Z. M/S, DT |Jaspis/E 1197-85
20 |03C0602484 |Famin 1996 Svacina, P., Ohnoutka, Z. M/S, DT | Akcent/CE 597
21 |03C0602486 |Tolar 1997 | Svacina, P. " |HE 4710/HWS 78267-83
22 |03C0602572 |Heris 1998 Svadina, P. F/K, DT |HE 4431/CE 431
. M/S, DT, .
23 [03C0602668 |Malz 2002 Svacdina, P. CB/CP Famin/Scarlet
24 | 03C0602743 |Ebson 2002 Svacina, P. M/S, DT | Alexis/Krona
25 |03C0602781 |Pedant 2003 Svacina, P. M/S, DT | CE-431/HE-6621
26 |03C0602742 |Bojos 2005 |Svatina, P. g"és/éBT’ Madonna/Nordus
- M/S, DT, .
27 |03C0602744 |Radegast 2005 Svadina, P. CB/CP Nordus/Heris
28 |03C0602843 | Aktiv 2008 Svadina, P. M/S, DT |HE 8270/Madonna
29 |03C0602844 |Azit 2008 Svacina, P. F/K, DT | Tolar/Pasadena
30 |03C0602937 |Paulis 2010 Svacina, P. M/S, DT | Madonna/Faustina
31 |03C0603026 |Signum 2012 |Svacina, P. " |HE 8621C/Sebastian
.. M/S, DT,
32 |03C0603053 |Petrus 2013 Svacina, P. CB/CP NFC 402-22/Kuburas
. . M/S, DT, . .
33 |03C0603050 |Laudis 550 2013 Svadina, P. CB/CP Bojos/Sebastain
Poznamky / Note: ;
CB/CP - odrdda doporucena pro vyrobu piva s CHZO Ceské pivo
CB/CP — variety recommended for production of beer with the PGl “Ceské pivo”
DT — diamantovy typ / diamond type M/S — sladovnickd odrtda / malt variety F/K — krmna odruda / feed variety
* Informace byly ziskany z GRIN Czech — Documentation of Plant Genetic Resources in the Czech Republic, VURV / * Information
obtained from GRIN Czech — Documentation of Plant Genetic Resources in the Czech Republic, CRI

stav novych odrid. Od roku 2015 probiha napfiklad projekt zaméfe- 1.3 The development of spring malting barley breeding in the

ny na zvyseni odolnosti je€émene k plvodci sitovité skvrnitosti je¢me- CR from 1965

ne (Pyrenophora teres f. teres). The greatest achievement of the Czechoslovak breeding of spring
malting barley was breeding of the short-stem high-yielding variety
Diamant (1965) in Branisovice by induced mutagenesis. The mainte-
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1.3 Vyvoj élechténi jarniho sladovnického jeémene v CR
od roku 1965

NejvyznamnéjSim uspéchem ceskoslovenského slechténi jarniho
sladovnického je€mene bylo vySlechténi kratkostébelné vysoce pro-
duktivni odrady Diamant (1965) v BraniSovicich metodou indukova-
né mutageneze. Udrzovaci $lechténi odridy Diamant bylo prevede-
no do $lechtitelské stanice Hrubgice. Odriida Diamant byla ve SS
v Hrubgicich pouzita k dalsimu Slechténi.

Od roku 1973 se zacinaji rozsifovat nové kratkostébelné intenzivni
odrlidy vzniklé na bazi odridy Diamant. Tyto odriidy byly oznacovany,
jako odrldy ,diamantové fady“ nebo odrldy ,diamantového typu“. Z od-
r(dy Diamant byla v NDR vyslechténa odriida Trumpf (1973). Ve svété
bylo do roku 1990 povoleno celkem 120 odriid, v jejichz pdvodu Ize vy-
sledovat odriidy Diamant a Trumpf (Lekes, 1997). Odrady, které byly
z odridy Diamant odvozeny v Hrubgicich, jsou uvedeny v tab. 1.

Slechtitelé F. Minatik, J. Bouma a dal$i pracovali na tvorbé odrud
nového morfotypu je€mene. Cilem bylo vytvofeni tzv. nitrogennich
typd, tj. takovych odrad, které by efektivné vyuzivaly vysoké padni
urodnosti a vysokych davek dusiku nikoliv k jejich kumulaci do obil-
ky, nybrz k tvorbé vysokych vynost zrna (Lekes, 1997).

Slechtitelé se museli v prlibéhu své prace prizplisobovat ménicim se
pozadavkim sladarského a pivovarského pramyslu. V devadesatych
letech minulého stoleti byla pozornost zameéfena na cytolytické rozlus-
téni. Pomoci friability byla a je sledovana uroven degradace bunéc-
nych stén v pribéhu sladovani. Dale zacal byt pravidelné sledovan
obsah beta-glukanu ve slading, coz je znak s vyznamnym ekonomic-
kym dopadem pro vyrobce piva. Od roku 2003 zacal byt ze strany sla-
doven kladen zvySeny ddraz na ¢irost sladiny (Spunarova et al., 2006).

V Ceské republice je snaha zachovat senzoricky charakter typic-
kého Ceského lezaku, jako ¢eského narodniho napoje (Psota, 2003;
Kosar et al., 2004; Official Journal EU, 2008). Z tohoto divodu se
v posledni dobé uplathuji v odridové skladbé Ceskeé republiky i od-
ridy (Psota et al., 2005), u nichz se relativni extrakt pfi 45 °C pohy-
buje na urovni max. 38 %, Kolbachovo ¢islo v rozpéti 39 + 3% a do-
sazitelny stupen prokvaSeni do 82% (Official Journal EU, 2008).
V roce 2008 bylo do Rejstiiku chranénych oznaceni plvodu a chra-
nénych zemépisnych oznaceni zapsano chranéné zemépisné ozna-
Ceni (CHZO) ,Ceské pivo“ (Official Journal EU, 2008). Ziskani CHZO
~Ceské pivo” mélo dopad pro Cesky sladafsky a pivovarsky primysl
i pro Slechténi jarniho sladovnického je€émene v Ceské republice.

Soucasné svetové a evropské pozadavky na kvalitu sladovnické-
ho jeémene davaji prednost odrlidam s vysokou enzymatickou akti-
vitou, vysokym obsahem extraktu a vysokymi hodnotami kone¢ného
prokvaseni. Odridy jeémene jarniho doporu¢ené pro vyrobu piva

buje pfitomnost zbytkového extraktu ve findlnim vyrobku (Psota,
2008). Ze sortimentu odrud jarniho jeémene zafazenych do Sezna-
mu doporu¢enych odrld byly prvni odrddy doporuéené pro vyrobu
piva s CHZO ,Ceské pivo* vybrany na zakladé vysledk, kterych do-
sahly v letech 2006—2008. V nasledujicich letech se vybér téchto
odriid provadi na zakladé vysledkl dosazenych odrddami v rdmci
tfiletého registracniho fizeni.

2 MATERIAL A METODY

2.1 Odrady

Informace o sladovnické kvalité odriid vyslechténych ve Slechtitel-
ské stanici Hrubcice byly ¢erpany z vyzkumnych zprav Vyzkumného
Ustavu pivovarského a sladafského v Brné (Svédirohova, 1966—1967;
Svédirohova a Hlavinkova, 1968-1975; Hlavinkova, 1976-1992;
Psota, 1993-2014). Pfehled odriid zachycenych ve zpravach je uve-
den v tab. 1. U kazdé odridy v tabulce je uveden identifikator, Acce-
ssion number, pod kterym je odrlida vedena v databazi pasportnich
a popisnych dat odriid ,GRIN Czech — Evidence genetickych zdrojli
rostlin v Ceské republice,GRIN Czech — Documentation of Plant
Genetic Resources in the Czech Republic”. )

Zpracovany byly pouze vysledky ze zkuSebnich stanic Ustfedniho
kontrolniho Ustavu zemédélského, ve kterych byl primérny obsah
dusikatych latek (bilkovin) v zrnu na optimalni drovni (10,7-11,2%)
nebo se této urovni v daném roce nejvice priblizil.

2.2 Mikrosladovani a rozbor jeémene a sladu

Pavodni humnové sladovani bylo zaménéno v roce 1975 za sla-
dovani v pneumatické mikrosladovné. Od tohoto roku se pouziva
systém sladovani, ktery je v podstaté totozny se systémem popsa-
nym v metodice MEBAK (2011).

nance breeding of the variety Diamant was transferred to the Breed-
ing Station Hrubcgice. The variety Diamant was used for further
breeding in the BS in Hrubdice.

From 1973, new short-stem intensive varieties based on the vari-
ety Diamant were been commonly grown. These varieties were re-
ferred to as the ‘diamond series’ or ‘diamond-type’ varieties. In the
GDR, the variety Trumpf (1973) was cultivated from the variety Dia-
mant. Worldwide, to 1990, a total of 120 varieties were authorized, in
their pedigree the varieties Diamant and Trumpf can be traced
(Lekes, 1997). The varieties that were derived from the Diamant va-
riety in HrubCice are shown in Table 1.

Breeders F. Minafik, J. Bouma and others worked on creation of
a new morphotype of barley. The aim was to create so called “nitro-
genic” types, i.e. the types of varieties that would effectively use high
soil fertility and high nitrogen doses not for their accumulation in
grain, but for production high grain yields (Leke$, 1997).

During their work, the breeders had to adapt to changing require-
ments of the malting and brewing industry. In the 1990s, attention
was focused on cytolytic modification. Degradation of cell walls dur-
ing malting was studied using friability. Further, beta-glucan content
was regularly monitored; it is a parameter with a significant econom-
ic impact for beer producers. Since 2003, malthouses began to em-
phasize wort clarity (Spunarova et al., 2006).

In the Czech Republic, the effort to maintain the sensory character
of a typical Czech lager as a national beverage exists (Psota, 20083;
Kosar et al., 2004; Official Journal EU, 2008). For this reason, re-
cently, the varieties (Psota et al., 2005) are also included in the vari-
etal composition of the Czech Republic in which relative extract at 45
°C moves at the maximal level of 38%, Kolbach index in the scope of
39 + 3% and apparent final attenuation to 82% (Official Journal EU,
2008). In 2008, the Protected Geographical Indication (PGI) “Ceské
pivo” (Czech Beer) was recorded in the Register of Protected Desig-
nation of Origin and Protected Geographical Indications (PGI) (Offi-
cial Journal EU, 2008). Obtaining of the PGI “Ceské pivo” impacted
the Czech malting and brewing industry and spring barley breeding
in the Czech Repubilic.

Current world and European requirements for malting barley qual-
ity prefer the varieties with high enzymatic activity, high extract con-
tent and high values of final attenuation. Spring barley varieties rec-
ommended for production of beer with the PGl “Ceské pivo” are
characterized by a lower level of proteolytic and cytolytic modification
and a lower level of attenuation, which causes the presence of the
residual extract in the final product (Psota, 2008). The first varieties
recommended for the production of beer with the PGl “Ceské pivo”
were selected based on the results achieved in 2006—2008 from the
collection of the spring barley included in the List of the Recommend-
ed Varieties. In the following years, the selection of these varieties is
carried out based on the results achieved by the varieties in the
scope of the three-year registration procedure.

2 MATERIAL AND METHODS

2.1 Varieties

Information on malting quality of the varieties bred in the Breeding
Station Hrubcice was drawn from the research reports of the Research
Institute of Malting and Brewing in Brno (Svédirohova, 1966—1967;
Svédirohovéa and Hlavinkova, 1968-1975; Hlavinkova, 1976-1992;
Psota, 1993-2014). The list of the varieties mentioned in the reports
is given in Table 1. Each variety has its identificator, accession num-
ber, under which the variety is kept in the database of passport and
descriptive data of the varieties “GRIN Czech — Documentation of
Plant Genetic Resources in the Czech Republic”.

Only the results from the testing stations of the Central Institute for
Supervision and Testing in Agriculture in which content of nitroge-
nous substances (proteins) in grain was at the optimal level (10.7—
11.2%) or approached this level more closely were processed.

2.2 Micromalting and barley and malt analysis

In 1975, the original floor malting was replaced by malting in
a pneumatic micromalting plant. Since that year, principally the same
malting system as that described in the MEBAK methodology has
been used (2011).

The following parameters were chosen for this study (content of
nitrogenous substances in barley grain, extract in malt dry matter,
relative extract at 45 °C, Kolbach index, diastatic power, apparent
final attenuation, friability and beta-glucan content in wort) which
were assessed for the entire or bigger part of the studied period, i.e.
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Tab. 2 Regresni analyza zakladnich sladafskych znakii odrid vySlechténych ve Slechtitelské stanici Hrubgice
Table 2 Regression analysis of the basic malting parameters of the varieties bred in the Breeding Station Hrubcice.

Pocatecni | Koneéna Meziroéni Hladina
Znak Jednotka | hodnota | hodnota Rozdil pfirastek ravdépodobnosti sign.
Parameter Unit Initial Final Difference | Inter-year P Prob. a% ility level sign.

value value increase y

Obsah dusikatych latek v zrnu je€émene o
Total nitrogen of barley (factor 6.25) %o 1.0 1.0 0.0 0.002 0.657 NS
Extrakt v susiné sladu o ok
Extract of malt, congress mash e 80.5 82.7 22 0.049 0.000
Relativni extrakt pfi 45 °C o
Relative extract at 45 °C Yo 37.9 40.3 2.4 0.054 0.076 NS
Kolbachovo ¢islo / Kolbach index Y% 40.7 44.9 4.2 0.095 0.019 *
Diastaticka mohutnost / Diastatic power WK 2771 337.7 60.6 1.377 0.037 *
Dosazitelny stupen prokvaseni Apparent o o
final attenuation Yo 78.8 81.6 2.8 0.062 0.001
Friabilita / Friability % 81.1 87.9 6.8 0.370 0.046 *
Obsah B-glukand ve sladiné ) )
B-glucan content of wort mg/l 185.0 162.0 23.0 1.271 0.509 NS

Pro tuto studii byly vybrany znaky (obsah dusikatych latek v zrnu
je€mene, extrakt v susiné sladu, relativni extrakt pfi 45 °C, Kolbacho-
vo Cislo, diastaticka mohutnost, dosazitelny stupen prokvaseni, fria-
bilita a obsah beta-glukant ve sladiné), které byly hodnoceny po celé
nebo vétsi Cast sledovaného obdobi, tj. od zahajeni registracniho
fizeni prvni odrady vyslechténé ve Slechtitelské stanici v Hrubéicich
v roce 1966.

Vyrobeny slad byl analyzovan podle metodik MEBAK a EBC plat-
nych v dané dobé (EBC, 1953; 1975; 1987; 1998; 2010; MEBAK,
1979; 1984; 1997; 2011).

2.3 Statistické zpracovani vysledkut

Dosazeny pokrok u jednotlivych parametr(i sladovnické jakosti byl
vyjadfen pomoci lineérni regrese, vyjadfujici zavislost daného znaku
na roku registrace jednotlivych odrtd. K vypoctu bylo pouzito progra-
mu MATLAB verze 2014. V grafu uvedené poc¢atecni a kone¢né
hodnoty byly stanoveny z regresni funkce. Podil jednotlivych faktor(
na celkové proménlivosti znakd byl vypocten programem REML.

3 VYSLEDKY

3.1 Pokrok ve sladovnické jakosti dosaZeny na Slechtitelské
stanici Hrubcice
Pfesnost hodnoceni byla ovlivnéna zménou lokalit, standardizaci
metodik péstovani je¢mene, sladovani a rozbor( jeémene a sladu.
Do sledovani byla zafazena pouze stanovisté, kterd poskytla vzor-
ky zrna je€émene s obsahem dusikatych latek na optimalni drovni

from the beginning of the registration procedure of the first variety
bred in the Breeding Station in Hrubg&ice in 1966.

The produced malt was analyzed according to the methods of ME-
BAK and EBC valid in the given time (EBC, 1953; 1975; 1987; 1998;
2010; MEBAK, 1979; 1984; 1997; 2011).

2.3 Statistical evaluation of the results

The achieved progress in the individual malting quality parameters
was expressed using linear regression which shows the dependence
of the given parameter on the year of registration of the individual
varieties. Calculation was performed with program MATLAB version
2014. The initial and final values given in the figure were determined
from the regression function. The ratio of the individual factors to to-
tal character variability was calculated by the REML program.

3 RESULTS

3.1 Progress in the malting quality achieved in the Breeding
Station Hrubcice

The accuracy of measurement was affected by the change of lo-
calities, standardization of barley growing methods, malting and bar-
ley and malt analyzes.

Only the localities that provided samples of barley grains with ni-
trogenous substance content at the optimum level or near this level
were included in monitoring. For this reason, changes in the nitrogen
content of barley grains are statistically insignificant (Table 2, 3,
Fig. 1).
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Obr. 1 Obsah dusikatych latek v nesladovaném zrnu jeCmene
ve Slechtitelské stanici Hrubcice (1969—-2013)

Fig. 1 Content of nitrogenous substances in non-malted barley grain
bred in the Breeding Station Hrubcice (1969-2013)

Obr. 2 Obsah extraktu v susiné sladu odrad vy$lechténych ve Slech-
titelské stanici Hrubcice (1969-2013)

Fig. 2 Extract content in malt dry matter of the varieties bred in the
Breeding Station Hrubcice (1969-2013)
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Obr. 3 Relativni extrakt pfi 45 °C odriid vy$lechténych ve Slechtitel-
ské stanici Hrubgice (1969-2013)

Fig. 3 Relative extract at 45 °C of the varieties bred in the Breeding
Station Hrubcice (1969-2013)

nebo se této Urovni blizici. Z tohoto divodu jsou zmény v obsahu
dusikatych latek v zrnu je¢mene statisticky neprikazné (tab. 2, 3,
obr. 1).

Koliséni obsahu extraktu ve sladiné je mozno vysvétlit z 12,34 %
ménici se odrlidovou skladbou. Pramérny meziroéni pfirlistek ex-
traktu v su$iné sladu byl 0,05 procentnich bodl. Od roku 1966
do roku 2013 se podaifilo Slechténim zvysit obsah extraktu o 2,2 pro-
centniho bodu. Jiz prvni odrGdy vys$lechténé ve SS Hrubgice Denar
(1966), Hana (1973) a Favorit (1973) vykazovaly extrakt vyS$i nez
81%. Odrida Famin (1996) vykazala primérny obsah extraktu
ve sladu na urovni 82 %. Odrlida Malz (2002) vykazala obsah extrak-
tu vy$Si nez 83 %. Nejvyssi obsah extraktu ve sladu (83,7 %) zjistény
v sortimentu hrubcickych odrid vykézala odrida Signum (2012)
(tab. 2, 3, obr. 2).

Relativni extrakt pfi 45 °C charakterizuje celkovou aktivitu enzyma
pfedevsim cytolytickych a proteolytickych. Vliv kolisani tohoto znaku
byl jen nepatrné (4,84 %) ovlivnén ménici se kvalitou odrdd. Primeér-
ny meziroéni pfirlistek hodnoty relativniho extraktu pfi 45 °C se po-
hyboval na drovni 0,05 procentniho bodu. Za sledované obdobi se
Slechténim podafilo zvysit roven hodnoty relativniho extraktu pfi 45
°C 0 2,4 procentniho bodu (tab. 2, 3, obr. 3).

U v8ech sledovanych odr(id byla hodnocena téz degradace dusi-
katych latek pomoci Kolbachova ¢&isla. Kolisani hodnoty Kolbachova
Cisla je mozno vysvétlit pouze z 2,35% ménici se kvalitou sledova-
nych odrid. Primérny meziroéni pfirGstek Kolbachova &isla se po-
hyboval na urovni 0,09 procentniho bodu. Za sledované obdobi
(1966-2013) se Slechténim podafilo zvysit uroven Kolbachova &isla
0 4,2 procentniho bodu (tab. 2, 3, obr. 4).

Zmény v Urovni diastatické mohutnosti je mozno vysvétlit z 23,44 %
ménici se odriddovou skladbou. Priimérny meziroéni narlst urovné
diastatické mohutnosti se pohyboval na urovni 1,38 procentniho
bodu. Za sledované obdobi (1966—2013) se zvySila uroven diastatic-

Obr. 4 Kolbachovo &islo odriid vyslechténych ve Slechtitelské stanici
Hrubéice (1969-2013)
Fig. 4 Kolbach index of the varieties bred in the Breeding Station
Hrubcice (1969-2013)

Fluctuation in extract content in wort can be explained from
12.34% by a changing varietal composition. The average inter-year
increase in extract in malt dry matter was 0.05 percentage points.
From 1966 to 2013, breeding successfully increased extract content
by 2.2 percentage points. Already the first varieties bred in the BS
Hrubcice Denar (1966), Hana (1973), and Favorit (1973) exhibited
extract higher than 81%. The variety Famin (1996) has average ex-
tract content in malt at the level of 82%. The variety Malz (2002) ex-
hibited extract content higher than 83%. The highest extract content
in malt (83.7%) found in the collection of Hrubgice was recorded in
the variety Signum (2012) (Table 2, 3, Fig. 2).

Relative extract at 45 °C characterizes the total activity of en-
zymes, namely cytolytic and proteolytic. The effect of this parameter
fluctuation was only slightly (4.84%) affected by the varying quality of
varieties. The average inter-year increase in the value of relative ex-
tract at 45 °C moved at the level of 0.05 percentage points. During
the studied period, the level of the value of relative extract at 45 °C
was increased by 2.4 percentage points (Table 2, 3, Fig. 3).

Degradation of nitrogenous substances was also assessed in all
studied varieties with Kolbach index. The fluctuation of the Kolbach
index value can be explained only from 2.35% by the varying quality
of the studied varieties. The average inter-year increase in Kolbach
index moved at the level of 0.09 percentage point. During the studied
period (1966—2013), breeding increased the level of Kolbach index
by 4.2 percentage points (Table 2, 3, Fig. 4).

Changes in the level of diastatic power can be explained
from 23.44 % by the altering varietal composition. The average inter-
year increase in the level of diastatic power moved at the level of
1.38 percentage point. During the studied period (1966—2013), the
level of diastatic power increased by 60.6 WK. At the beginning, the
level of diastatic power in the bred varieties varied from 260-335
WK. However, in the varieties Jaspis (1986), Granat (1995), Primus

Tab. 3 Podil jednotlivych faktorti na proménlivost sledovanych znak( (%)
Table 3 The share of the individual factors in the variability of the studied parameters (%)

Znak Podil rozptylu (%)

Rok | Lokalita | Odrida | Rezidual
Parameter Share of variance (%)

Year Locality Variety Residual
Obsah dusikatych latek v zrnu jeémene / Total nitrogen of barley (factor 6.25) 0.00 14.38 11.50 74.12
Extrakt v susiné sladu / Extract of malt, congress mash 32.32 8.40 12.34 46.94
Relativni extrakt pfi 45 °C / Relative extract at 45 °C 25.16 4.15 4.84 65.85
Kolbachovo ¢islo / Kolbach index 30.46 11.2 2.35 55.99
Diastaticka mohutnost / Diastatic power 30.08 14.37 23.44 32.11
Dosazitelny stupen prokvaseni / Apparent final attenuation 36.63 4.15 11.25 47.97
Friabilita / Friability 21.29 7.75 11.42 59.54
Obsah B-glukanti ve sladiné / B-glucan content of wort 17.02 12.44 6.36 64.18
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Obr. 5 Diastatickd mohutnost odrid vy$lechténych ve Slechtitelské
stanici Hrubcice (1969-2013)

Fig. 5 Diastatic power of the varieties bred in the Breeding Station
Hrubcice (1969-2013)

ké mohutnosti 0 60,6 WK. Z pocatku se Uroven diastatické mohut-
nosti u vyslechténych odrid pohybovala v rozpéti 260-335 WK.
U odriid Jaspis (1986), Granat (1995), Primus (1995) a Famin (1996)
v8ak hodnota diastatické mohutnosti klesla pod 250 WK. U vétSiny
odrud vys$lechténych po roce 1996 se Uroven diastatické mohutnosti
pohybovala v rozpéti 250—-400WK (tab. 2, 3, obr. 5).

Dosazitelny stupen prokvaseni byl sledovan od roku 1968, tedy 45
let. Zmény v urovni dosazitelného stupné prokvaseni je mozno vy-
svétlit z 11,25 % ménici se odrlidovou skladbou. Meziroéni pfirlistek
dosazitelného stupné prokvaseni se pohyboval na urovni 0,06 pro-
centniho bodu. Dosazitelny stuperi prokvaseni se ve sledovaném
obdobi 45 let zvysil o 2,8 procentniho bodu (tab. 2, 3, obr. 6).

Cytolytické rozlusténi, dané obsahem beta-glukant ve sladiné
a degradaci bunéénych stén endospermu hodnocené pomoci friabi-
lity sladu, se pravidelné sleduje od roku 1993. Zmény v urovni degra-
dace bunéénych stén je mozno vysvétlit z 11,42 % ménici se odrido-
vou skladbou. Meziroéni pfirGstek friability byl 0,37 procentniho bodu
a za celé sledované obdobi (1993—-2013) se uroven friability zvysila
0 6,8 procentniho bodu. Odrlida Primus (1995) se vyznacovala téz
nizkou urovni degradace bunéénych stén (75 %). Nejvyssi droven
degradace bunécénych stén (90 %) byla zjisténa u odriidy Laudis 550
(2013) (tab. 2, 3, obr. 7).

V pfipadé obsahu beta-glukan(i ve sladiné byl zjistén jejich statis-
ticky neprlikazny pokles. Ddvodem je vysoka variabilita tohoto znaku
u sledovanych odrid. Primérny obsah B-glukani ve sladiné se
u sledovanych odrtd pohyboval od 116 mg/l u odridy Pedant (2003)
do 245 mg/l u odridy Primus (1995) (tab. 2, 3, obr. 8).

Obr. 6 Dosazitelny stuper prokvaseni odrid vy$lechténych ve Slech-
titelské stanici Hrubcice (1969-2013)

Fig. 6 Apparent final attenuation of the varieties bred in the Breeding
Station Hrubcice (1969-2013)

(1995), and Famin (1996), the value of diastatic power decreased
below 250 WK. In the most varieties bred after 1996, the level of dia-
static power moved in the scope of 250—400 WK (Table 2, 3, Fig. 5).

The apparent final attenuation was monitored from 1968, it means
for 45 years. Changes in the level of the apparent final attenuation
can be explained from 11.25% by a changing varietal composition.
The inter-year increase of the apparent final attenuation moved at
the level of 0.06 percentage point. Apparent final attenuation in the
studied period of 45 years increased by 2.8 percentage points (Ta-
ble 2, 3, Fig. 6).

Cytolytic modification, which is given by beta-glucan content in
wort and degradation of cell walls of the endosperm and which is
assessed by friability of malt, has been regularly monitored since
1993. Changes in the level of degradation of cell walls can be eluci-
dated from 11.42% by the altering varietal composition. The inter-
year increase in friability was 0.37 percentage point and the level of
friability increased by 6.8 percentage points for the whole period
(1993-2013). The variety Primus (1995) was also characterized by
a low level of degradation of cell walls (75%). The highest level of
degradation of cell walls (90%) was found in the variety Laudis 550
(2013) (Table 2, 3, Fig. 7).

In case of beta-glucan contents in wort, their statistically non-sig-
nificant decline was found. The reason is a high variability of this
parameter in the studied varieties. Average -glucan content in wort
in the studied varieties moved from 116 mg/l in the variety Pedant
(2003) to 245 mg/l in the variety Primus (1995) (Table 2, 3, Fig. 8).
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Obr. 7 Friabilita odrid vyslechténych ve Slechtitelské stanici Hrub-
¢ice (1995-2013)

Fig. 7 Friability of the varieties bred in the Breeding Station Hrubcice
(1995-2013)

Obr. 8 Obsah B-glukan(i ve slading odrid vyslechténych ve Slechti-
telské stanici Hrubcice (1995-2013)

Fig. 8 B-glucan content in wort of the varieties bred in the Breeding
Station Hrubcice (1995-2013)
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Pro vyrobu piva s CHZO ,Ceské pivo* byly kromé jinych odriid do-
poruceny odridy Tolar (1997), Malz (2002), Bojos (2005), Radegast
(2005), Laudis 550 (2013) a Petrus (2013) vySlechténé ve Slechtitel-
ské stanici Hrubdice (Psota a Kosar, 1997; Psota a Jurecka, 2002;
Psota et. al., 2005; Kofron et al., 2006; Psota et al., 2013). Podle
pfihlaSenych mnozitelskych ploch je jimi v Ceské republice v posled-
nich letech osévano piiblizné 50 % ploch osetych jeCmenem jarnim.
Ve SS Hrubgice bylo do roku 2016 vySlechténo 33 odrid je¢mene
jarniho vétsinou se sladovnickou kvalitou.

Nékteré z hrubcickych odrid je€émene jarniho jsou registrovany
a péstovany i v zahraniéi. Pfikladem mGze byt odrGda Malz (2002)
registrovana ve Slovenské republice, Madarsku, Kazachstanu
a na Ukrajiné. V roce 2014 byla tato odrida ve Slovenské republice
péstovana na 16 % mnozitelskych ploch.

4 ZAVER

Z vySe uvedeného je zfejmé, Ze v pribéhu Slechténi doslo k vyraz-
nému zlepSeni sladovnické kvality. Slechtitelsky progres se projevil
ve zvySeni aktivity hydrolytickych enzym( odbouravajicich Skrob
a bilkoviny a vyrazné se téz zlepsila kvalita sladiny.
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For production of beer with the PGI “Ceské pivo* the following va-
rieties, besides others, were recommended Tolar (1997), Malz
(2002), Bojos (2005), Radegast (2005), Laudis 550 (2013), and
Petrus (2013) bred in the Breeding Station Hrubgice (Psota and
Kosar, 1997; Psota and Jurec¢ka, 2002; Psota et. al., 2005; Kofron et
al., 2006; Psota et al., 2013). According to the registered breeding
areas, approximately 50% of the areas have been sown with spring
barley in the Czech Republic recently. To 2016, 33 varieties of spring
barley mostly with malt quality were bred in the BS Hrubdice.

Some of Hrubcice spring barley varieties are also registered and
grown abroad, such as the variety Malz (2002) registered in the Slo-
vak Republic, Hungary, Kazakhstan and Ukraine. In 2014, this vari-
ety was grown on 16% of reproduction areas in the Slovak Republic.

4 CONCLUSIONS

From the above mentioned it is evident that breeding led to a sig-
nificant improvement of the malting quality. The breeding progress
was also reflected in the enhanced activity of hydrolytic enzymes
degrading starch and proteins; further, wort quality also increased
markedly.
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