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Nesvadba, V. - Polong':l’kové, Z.- Henychova, A.: Slechténi chmele v Ceské republice. Kvasny Prum. 58, 2012, ¢. 2, s. 36—39.

Slechtitelské cile v Ceské republice Ize rozdélit na Slechténi aromatickych a vysokoobsaznych chmell, odolnych k vnéj$im stresim,
pro farmaceutické vyuziti a na nizké konstrukce. V roce 2008 byly registrovany odrudy Vital a Kazbek a v roce 2010 odriidy Saaz Late
a Bohemie. V sougasné dobé byla vyslechténa fada perspektivnich genotyptl s vysokym obsahem chmelovych pryskyfic. Slechtitelskou
praci byla ziskana rfada novych genotypl s vysokym obsahem xanthohumolu nebo desmethylxanthohumolu. Byl ziskam projekt Eureka
pro Slechténi chmele na nizké konstrukce.

Nesvadba, V. — Polonéikova, Z. — Henychova, A.: Hop Breeding in the Czech Republic. Kvasny Prum. 58, 2012, No. 2, p. 36-39.

Hop breeding objectives in CR can be divided into aroma and bitter hops, both being resistant to stresses, dwarf varieties for cultivati-
on in low trellis and varieties for pharmaceutical utilization. In 2008 we managed to release Vital and Kazbek. Varieties Saaz Late and
Bohemie were registered in 2010. Recently we have bred some perspective genotypes with high contents of xanthohumol or desmethy-
Ixanthohumol (DMX). In January 2011, we were awarded funding for a new four years EUREKA Project, which is an inter-governmental
network that supports the development for innovations across all sectors of industry within EU. It should help us to develop new low trel-
lis high quality aroma hops as sustainable replacements for traditional tall hops in the future.

Nesvadba, V. — Polonéikova, Z. — Henychova, A.: Der Hopfenanbau in der Tschechischen Republik. Kvasny Prum. 58, 2012, Nr. 2,
S. 36-39.

Die Ziele der Hopfenbauer in der Tschechischen Republik kann man folgendes unterscheiden: der Anbau von aromatischen Hopfen
und der Anbau von hochgehaltigen Hopfen, die gegen die AuBenstressen, fir pharmazeutische Anwendung und fir den Anbau auf
niedrige Konstruktionen geeignet sind. Im Jahre 2008 wurden die Hopfensorten Vital und Kazbek, spater im Jahre 2010 die Hopfensor-
ten Saaz Late und Bohemie registriert. Zurzeit wurde eine Reihe von perspektiven Genotypen mit hohem Gehalt an Hopfenharze
geziichtet. Durch die Anbautéatigkeit wurden neue Genotypen mit hohem Gehalt an Xanthohumol oder Desmetylxanthohumol geziichtet.
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Ein Projekt Eureka fiir den Hopfenanbau auf niedrigere Konstruktionen wurde erhalten.

Kliéova slova: chmel, Humulus lupulus L., Slechténi chmele, odru-
dy, xanthohumol, desmethylxanthohumol, nizké konstrukce

1 UVOoD

Slechténi chmele v Ceské republice bylo zaloZeno na klonové se-
lekci, jejimz cilem bylo zuSlechtovani Zateckého poloraného erve-
fAaku. Kfizeni chmele bylo pouzivano od 60. let, ale nemélo velky
vyznam. Prvni odriidy, které vznikly kfizenim, byly v roce 1994 Bor
a Sladek. Lze konstatovat, ze v soucasné dobé se ve Slechténi
chmele vyuziva vyhradné metoda kfizeni. Timto zplisobem byly zis-
kany dalsi odrady Premiant (1996), Agnus (2001), Harmonie (2004)
a Rubin (2006). Z pivovarského pohledu se nejvice uplatriuji odridy
Sladek, Premiant a Agnus. V soucasné dobé se zvySuje i poptavka
po odrtidé Harmonie, proto bude v roce 2011 rozSifena produkce
této odrudy. Chmel obsahuje fadu vyznamnych latek pro farmaceu-
tické a biomedicinské vyuziti (De Keukeliere et al., 2003; PSenakova
a kol., 2010). Slechtitelské cile Ize rozdélit na Slechténi aromatickych
a vysokoobsaznych chmeld, odolnych k vnéj$im strestim, pro farma-
ceutické vyuziti a na nizké konstrukce.

2 METODIKA

Zakladem pro Slechténi chmele jsou genetické zdroje — jedna se
o rozpracovany $lechtitelsky material, registrované odridy a plané
chmele. Genetické zdroje (Nesvadba V., Krofta K., 2005) jsou podpo-
rovany Ceskou republikou (MZe 33083/03-300 6.2.1. — MZe CR).
Slechténi je zaméfeno na kfizeni vhodnych rodi¢ovskych kompo-
nentl. Ziskana potomstva jsou nasledné vyuzivana pro dalsi Slech-
téni. Potomstva jsou péstovana na stanovisti 2 roky, kdy po dvou
letech nasleduje vybér nejlepsich jedincu. Ti jsou nasledné mnozZeni
a testovani v Slechtitelskych Skolkach. Perspektivni genotypy jsou
po dukladnych testacich (5-8 let) pfihlaSeny do statnich registrac-
nich zkousek. Pro hodnoceni potomstev, Slechtitelského materidlu
a novych odruid jsou vyuzivany zékladni statistické parametry.

Keywords: hop, Humulus lupulus L., varieties, genotypes, breeding
material, low trellis, EUREKA project, dwarf hops, xanthohumol,
DMX

1 INTRODUCTION

Hop breeding in Czech Republic was based on clone selection,
whose aim was to get better quality of the original Czech aroma
hops. Although hop crossing was carried out in the sixties of the last
century its importance used to be neglected. The first Czech variet-
ies, which have had their origin in hop crossing (Bor, Sladek), were
registered in 1994. Varieties Premiant (1996), Agnus (2001), Harmo-
nie (2004) and Rubin (2006) followed. Breweries use mostly Sladek,
Premiant and Agnus. Higher demands for Harmonie result in exten-
sion of its acreage. Hop cones contain many important compounds,
which can be utilized within pharmaceutical as well as biomedicine
industry (De Keukeleire et al., 2003, PSenékova et al. 2010). Breed-
ing objectives can be divided into aroma and bitter hops, both being
resistant to stresses, dwarf varieties for cultivation in low trellis and
varieties for pharmaceutical utilization.

2 MATERIAL AND METHODS

Genetic resources (breeding material, registered varieties and
wild hops) are the bases for hop breeding. Genetic resources (Ne-
svadba V., Krofta K., 2005) are supported by the government of CR
(MZe 33083/03-300 6.2.1. — MZe CR). The breeding process is
aimed at crossing of suitable parents. Their progenies are grown on
a plot for two years. The best individuals are selected from this colle-
ction. These plants are propagated and tested in a breeding nursery.
Perspective genotypes are submitted to thorough tests (5-8 years)
and after this period they are enrolled to the registration process
controlled by Czech government.
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3 SLECHTITELSKE SMERY

Slechténi chmele ma v Ceské republice dlouholetou tradici. V sou-
Casné dobé je Slechténi zaméfeno na pét cili. Samoziejmé, Ze
v8echny perspektivni genotypy musi vykazovat odolnost k houbo-
vym chorobam, dobré agrotechnické parametry a pfedevsim dobré
pivovarske vlastnosti, proto Chmelafsky institut Zatec disponuje po-
kusnym pivovarkem o kapacité 50 litri. Od roku 2008 byly v Cesku
registrovany 4 nové odriidy chmele (tab. 7).

3 RESULTS AND DISCUSSION

Hop breeding has a long tradition in CR. Nowadays; it is aimed at
five objectives. It is necessary all the perspective genotypes to show
good tolerance to fungal diseases (downy and powdery mildew),
good agro-technical parameters and last but not least very good
brewing characteristics. A pilot brewery (501 capacity) is therefore
a necessary part of our facilities to test these features. We have ma-
naged to register 4 new hop varieties in CR since 2008. The results
of hop analyses are shown in Tab. 1.

Tab. 1 Chemickeé sloZeni novych ¢eskych odrid chmele / Chemical structure of new Czech hop varieties

Odrudy / Hop variety Vital Kazbek Saaz Late Bohemie
Alfa kyseliny / Alpha acids (% hm.) 12.0-16.0 5.0-8.0 3.5-6.0 5.0-8.0
Beta kyseliny / Beta acids (% hm.) 6.0-10.0 4.0-6.0 40-6.5 6.0-9.0
Kohumulon / Cohumulone (% rel.) 21-26 35-40 20-25 23-26
Xanthohumol (% hm.) 0.70-1.00 0.30 - 0.45 0.30 - 0.50 0.50-0.75
DMX (% hm.) 0.25-0.40 0.10-0.20 0.07-0.12 0.10-0.20
Obsah silic / Total hop oils (% hm.) 1.5-25 09-1.8 0.5-1.0 1.0-15
Myrcen / Myrcene (% rel.) 40 -55 40 - 50 25-35 30 -40
Karyophylen / Caryophylene (% rel.) 5-8 10-15 6-9 7-10
Humulen / Humulene (% rel.) 2-5 20-35 15-20 17 -23
Farnesene / Farnesene (% rel.) 1-4 <1 15-20 <1
Selineny / Selinens (% rel.) 7-15 1-3 3-4 8-12

3.1 Slecht&ni aromatickych chmel(

V poslednich letech je Slechténi aromatickych chmell rozdéleno
na dva sméry. Prvni skupina je klasicka — kfizeni rodi¢ovskych kom-
ponent aromatického typu s naslednym vybérem potomstev. Tim
byla ziskana odrGda Sladek, ktera vykazuje dobré pivovarské vyuziti.
V soucasné dobé tvofi standard kvality této skupiny aromatickych
chmeld. V ramci této skupiny byla v roce 2004 registrovana odriida
Harmonie, v roce 2010 odriida Bohemie, ktera byla ziskana z po-
tomstva po odridé Sladek. Bohemie ma shodné kvalitativni parame-
try, ale ma kratsi vegeta¢ni dobu. Druhou skupinu tvofi jemné aro-
matické chmele, to je Zatecky polorany &erveriak (ZPC), ktery je
charakteristicky vynikajicimi pivovarskymi vlastnostmi. Dosud byla
vyuZivana jen klonova selekce v ramci Zateckého poloraného Cerve-
naku. V poslednim obdobi se Zatecky polorany ¢ervendk vyuzival
ke kfizeni s vhodnymi sam¢imi genotypy, které maji v pavodu tez
ZPC. Vysledkem dlouhodobé prace je registrace nové odrlidy Saaz
Late, ktera byla provedena v roce 2010. Tato odrlida vykazuje shod-
né slozeni chmelovych pryskyfic i silic jako Zatecky polorany &erve-
nak.V soucasné dobé je péstovana na plose 3 ha.V roce 2011 bude
provedena nova vysadba na ploSe 5 ha. Odrlida je testovana v ¢es-
kych i zahrani¢nich pivovarech a vykazuje vynikajici vysledky. Z du-
vodu pozadavkil pivovard pro dalSi testy je nutny narudst plochy.

3.2 Slechténi vysokoobsaznych chmell

Slechténi vysokoobsaznych chmelli ma pouze jedno kritérium,
a to produkci alfa kyselin z hektaru. Nové odridy musi vykazovat
odolnost, dobré agrotechnické parametry, protoze to ovliviiuje eko-
nomiku péstovani chmele a dale i pivovarskeé vlastnosti. V roce 2001
byla v Ceskeé republice registrovana odrida Agnus, kterd nema nej-
vy88i produkci alfa kyselin z hektaru, ale vykazuje vynikajici pivovar-
ské parametry, a to pfedevsim pozitivni vliv na stabilitu piva. Odrida
Vital, ktera byla registrovana pro farmaceutické vyuziti, vykazuje vys-
Si obsah alfa kyselin i vysoky obsah beta kyselin, ale niz&i vynosovou
uroven, proto pravdépodobné nebude atraktivni pro péstitelskou pra-
xi. V pivovarskych testech vykazuje vyborny vliv na kvalitu piva.
V roce 2010 bylo vybrano 5 nadéjnych genotypl do registracnich
zkousek, které vykazuji obsah alfa horkych kyselin 13 az 17 % a vy-
nos chmele nad 3 t/ha.

3.3 Slechténi odolnych chmeld
Odolnych odrad k vnéj$im stresim neni mnoho. Ziskat novou od-
rdu, kterd bude odolna k suchu, vysokym teplotam, bude vykazovat
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3.1 Breeding of aroma hops

Two main ways have been used to provide breeding aroma hops
recently. The first classical one consists in crossing aroma parental
hops and selection of their progenies. In this way we managed to
release Sladek, which has good brewing utilization. Nowadays, it re-
presents the standard for the group of aroma hops. Within this group
Harmonie was registered in 2004 and Bohemie in 2010. This variety
was obtained from the progeny of Sladek. It has the same qualitative
parameters but shorter growing period. The second group is repre-
sented by fine aroma hops (Saazer), which are typical for excellent
brewing characteristics. Up to now only clone selection has been
used within Saazer. Recently, it has been used for crossing with sui-
table male genotypes having their origin in Saazer as well. As the
result of this activity we registered Saaz Late in 2010. This variety
has the same structure of hop resins and essential oils as Saazer. In
2011 it is grown on the acreage of 3 ha and it will be planted on ano-
ther 5 ha during this year. The variety is tested in numerous Czech
and foreign breweries. As it shows very good brewing qualities quick
increase of its acreage will be necessary.

3.2 Breeding of bitter hops

Breeding of these hops is aimed entirely at high production of al-
pha acids. Of course, new varieties must meet also other necessary
demands: good tolerance and agro-technical parameters as well as
brewing characteristics as it has positive influence at the growing
profitability. In 2001 Agnus was released. It has just above-average
production of alpha acids but on the other hand its brewing characte-
ristics, including positive influence on beer stability, are excellent.
Vital was registered to meet demands of pharmaceutical industry. It
also shows higher content of alpha and beta acids but its yield seem
to be too low for practical utilization even though brewing tests have
proved its very good influence on beer quality. In 2010 we managed
to select five perspective genotypes and apply them into governmen-
tal registration tests. They show alpha bitter content in the range of
13-17% and yield of hops higher than 3 t/ha.

3.3 Breeding on resistance

Varieties tolerant to abiotic stresses are not numerous. It is not
easy to get a new variety tolerant to drought and hot weather, which
would also have good productivity and stability of alpha acids inclu-
ding good brewing parameters. In 2008 we managed to register Kaz-
bek, which shows high level of stability in the content of alpha acids
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vysokou stabilitu obsahu chmelovych pryskyfic a vynosu chmele
a soucasné bude mit i vyborné pivovarske vlastnosti, je dosti obtizné.
V Cesku byla v roce 2008 registrovana odrida Kazbek, ktera vyka-
zuje vysokou stabilitu obsahu chmelovych pryskyfic i vynosu chme-
le. Je prvni odriidou, kterd ma vyssi vynos chmele nez odrida Sla-
dek, kterd vykazuje v praxi vynos nad 3 t/ha. V roce 2010 byla
vysazena provozni plocha, ktera bude vyuzivana pro pivovarské tes-
ty. Je nutné podotknout, Ze odrida Kazbek ma v ptivodu rusky plany
chmel. Pravé plané chmele jsou nejvice vyuzivany pro tento Slechti-
telsky smér (Patzak, J. et al., 2010).

3.4 Slechténi pro farmaceutické uéely

Z realizovanych kfizeni se podafilo ziskat 90 novych genotypl
s obsahem xanthohumolu nad 1%. Tento vysledek je nutno chapat
jako Uspésny, protoze genotypy ziskané ze Slechtitelského procesu
do roku 2007 vykazovaly z celkového poétu pouze 7 genotypl s ob-
sahem xanthohumolu nad 1% (obr. 7). Vy8Si uspésnost byla u Slech-
téni na vysoky obsah DMX, protoze pouze 1 genotyp vykazoval ob-
sah DMX nad 0,25 % a vysledkem zamérného $lechténi bylo v ramci
projektu ziskano 43 novych genotypl chmele s obsahem DMX nad
0,25 % (obr. 2). Z téchto genotypll byl odebran sadbovy material pro
zaloZeni polniho pokusu. V roce 2010 byly jiz 3 genotypy, které vyka-
zuji pozadovany obsah DMX, namnoZzeny a pfihlaSeny do registrac-
nich pokust UKZUZ. V ramci tohoto $lechtitelského cile byla registro-
vana v roce 2008 nova odrlda Vital, kterd vykazuje prdmérny obsah
DMX 0,30 % hm. v susSiné. Rozpéti obsahu je 0,22 az 0,49 % hm.

Obr. 1 Cetnost obsahu xanthohumolu u potomstev / Fig. 1 Frequency
of xanthohumol contents

and productivity. It is the first Czech variety to show higher yields than
Sladek (> 3.0 t/ha). In 2010 we planted it in a commercial hop gar-
den, which will be used for brewing tests. As it can be obvious from
the name, this variety is of Russian origin and it is the evidence that
wild hops are mainly utilized within this breeding objective (Patzak et
al., 2010).

3.4 Breeding for pharmaceutical industry

We managed to get 90 new genotypes with xanthohumol content
higher than 1%. This seems a very good result in comparison with
2007 when we were able to obtain just seven genotypes with such
high content of this precious compound (Fig. 7). Even better results
were got with DMX. Whereas in 2007 only one genotype had content
of DMX higher than 0.25%, three years later 43 new hop genotypes
exceeded this value (Figure 2). Planting material for establishment of
a field trial was taken from this collection. In 2010 we applied for
their incorporation into the governmental registration trials. New vari-
ety Vital was registered in 2008 within this breeding objective. It
shows DMX content at the level of 0.3 % w.w. with the range between
0.22 and 0.49 % w.w.

3.5 Breeding of dwarf hops

On the base of internode measurement in genotypes for high
(Premiant and Sladek) as well as low trellis (First Gold and Czech
genotype no. 5021) we determined with the help of t-test statistical
significance of the difference with 99% probability between the abo-

Obr. 2 Cetnost obsahu DMX u potomstev / Frequency of DMX con-
tents in the progenies bred at its high content
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3.5 Slechténi na nizké konstrukce

Na zakladé méreni vzdalenosti internodii u genotypl pro vysoké
konstrukce (¢eské odridy Premiant a Sladek) a nizké konstrukce (an-
glicka odrtda First Gold a ¢eské novoslechténi 5021) byla pomoci t-
testu stanovena statisticka prikaznost rozdilu s 99% pravdépodob-
nosti mezi uvedenymi skupinami genotypu. V tab. 2 je patrné, ze
genotypy pro vysokou konstrukci vykazuji vzdalenost internodii
0,277m (Premiant) a 0,237m (Sladek) a genotypy zakrslého typu
maji prdmérnou vzdalenost internodii 0,075m (First Gold) a 0,092m
(nsl. 5021). Nejnizsi variabilitu vykazuje odrtida Premiant (16,59 %)
a naopak nejvys$si variabilitu ma anglicka odrdda First Gold (24,88 %).

ve-mentioned groups of the genotypes. It is obvious from Table 2
that genotypes for high trellis have the average length of internodes
0.277m (Premiant) and 0.237 m (Sladek), whereas dwarf genotyp-
es 0.075m (First Gold) and 0.092 (genotype no 5021). The lowest
variability was found out in Premiant (16.59 %). On the contrary, the
highest variability showed First Gold (24.88 %).

Progenies H37 and H39 were got from a male UK dwarf genotype.
Progeny H7 comes from a parental combination for high trellis. Sta-
tistical parameters for the individual progenies are reviewed in Tab. 3.
Dwarf progenies show the both types of genotypes (for low and high
trellis), which can be characterized by higher variability (VK = 40.42

Tab. 2 Variabilita vzdalenosti internodii u genotypli vysokého a zakrslého rlstu / Variability in the length of internodes in high and dwarf hops

Odrtida / Hop variety Premiant Sladek First Gold 5021
Pramér / Average (m) 0.277 0.237 0.075 0.092
Smér. odchylka / Standard deviation 4.589 5.219 1.876 2.180
Var. koeficient / Var. coefficient (%) 16.59 21.99 24.88 23.73
Min. délka / Min. length (m) 0.160 0.130 0.025 0.022
Max. délka / Max. length (m) 0.350 0.350 0.112 0.145
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Tab. 3 Variabilita vzdalenosti internodii u genotyp(i vysokého a zakrslého riistu u potomstev F, generace / Variability in the length of internodes

in high and dwarf hops within the progenies of F, generation

Odruda / Hop variety H 37 H 38 H 39 H7

Pramér / Average (m) 0.067 0.069 0.067 0.168
Smér. odchylka / Standard deviation 32.016 27.986 34.730 37.208
Var. koeficient / Var. coefficient (%) 47.48 40.42 51.61 22.04
Min. délka / Min. length (m) 0.026 0.026 0.020 0.087
Max. délka / Max. length (m) 0.186 0.154 0.218 0.257

Potomstva H37 az H39 byla ziskana po kfizeni se sam¢&im anglic-
kym genotypem samcem zakrslého typu, ale potomstvo H7 bylo zis-
kano po kfizeni ¢eského samce genotypl pro vysoké konstrukce.
V tab. 3 jsou uvedeny statistické parametry hodnocenych potomstev.
Potomstva vhodna pro nizké konstrukce vykazuiji oba typy genotyp,
a to pro nizké a vysoké konstrukce, coz charakterizuje vy$&i variabi-
lita (Vk = 40,42 az 51,61 %). Pomoci t-testu byla stanovena 99%
pravdépodobnost rozdilu v délce internodii potomstva H7 k ostatnim
potomstvim pro nizké konstrukce. V soucasné dobé je tento cil fe-
Sen v ramci projektu Eureka.

Z Slechtitelského materialu, ziskaného v predeslych letech, bylo
vybrano 5 genotypl (tab. 4), které vykazovaly niz$i vzrast (pfedpo-
klad pro nizké konstrukce), odolnost k houbovym chorobam a dobré
kvalitativni parametry chmelovych hlavek. U oznaceni genotypu je
uvedena i mate¢na rostlina, ktera poukazuje na mozné pivovarské
zarfazeni. Genotypy po vysokoobsaznych odriidach Agnus a Taurus
budou patfit do skupiny s vy$§im obsahem alfa kyselin (4903 a 5059)
a genotypy po odriidach Sladek a First Gold se fadi do skupiny hof-
kych chmelll (5019) az aromatickych chmelt (4900, 5020 a 5021).
Dosazené vysledky jsou z klasické vysoké konstrukce Slechtitel-
skych Skolek.

— 51.61%). With the help of t-test we determined 99% probability of
the difference in the length of internodes within H7 progeny in com-
parison with the other dwarf progenies. This activity is researched
within Eureka project nowadays.

Five genotypes have been selected from our breeding material
obtained recently (Table 4). These genotypes show dwarf growth and
therefore they are suitable for growing in low trellises. They are also
resistant to diseases and their cones show good characteristics.
Designation of a mother plant is shown here together with the desig-
nation of a genotype so as us to be able to trace back its brewery
classification. Genotypes originating from high alpha hop varieties
Agnus and Taurus belong to a group with a higher content of alpha
acids (4903 and 5059), whereas genotypes, which have their origin
in Sladek and First Gold belong to a group of bitter (5019) or aroma
hops (4900, 5020 and 5021). These results are obtained from the
plants grown in classic high trellises.
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Tab. 4 SloZeni chmelovych pryskyfic u genotypl se zakrslym charakterem rlstu (Steknik, 2007—-2010) / Composition of hop resins in dwarf

genotypes (Steknik, 2007-2010)

Oznaceni genotypu / Alfa kyseliny / Beta kyseliny / . Kohumulon /

Genotype Alpha acids Beta acids R:;)igu(-:arl(a’:faa{/bset;)e l{a ) Cohumulone
designation (% hm.) (% hm.) P . (% rel.)
4900 (Sladek) 6.0-75 25-35 1.7-21 26 — 29
4903 (Agnus) 9.0-12.0 45-6.0 1.8-22 26 — 31
5019 (F. Gold) 45-6.0 3.5-5.0 1.3-17 32-36
5020 (F. Gold) 55-85 5.0-6.5 11-17 30-33
5021 (F.Gold) 6.0-8.0 55-75 09-1.2 27 - 32
5059 (Taurus) 8.0-13.0 50-6.5 1.5-25 23-30

Podékovani

Tato prace byla podpofena MSMT v ramci Vyzkumného zaméru
¢. 2B06011 a projektem Eureka €. LF 11008. Vzorky byly ziskany
z polni kolekce genetickych zdroju chmele, ktera je sou¢asti Narod-
niho programu konzervace a vyuziti genofondu rostlin a agrobiodi-
versity (Ministersvo zemédélstvi, MZe 33083/03-300 6.2.1).
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