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Slechténi chmele v Ceské republice je dlouhodobé zamérfeno na aromatické a horké chmele. V poslednich letech se dafi ziskavat

i nové genotypy se specifickou vlni. V roce 2017 byly registrovany dvé nové éeské odridy Gaia a Boomerang. V registracnich zkous-

kach jsou genotypy 5193 a 5164. Nova generace genotypu se specifickou vini se vyznacuje Sirokou variabilitou jednotlivych typt vani

chmele.
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Hop breeding in Czech Republic has been aimed at aroma and bitter hops for a long time. Recently, we have managed to get some

new genotypes with a specific flavour. In 2017 Gaia and Boomerang have been released. New genotypes 5193 and 5164 have been

submitted to registration process. New generation of flavour hops is typical by the wide variability of the various types of hop aroma.
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In der Tschechischen Republik wird der Hopfenanbau langzeitig den aromatischen und Bitterhopfen orientiert. In den letzten Jahren
hat’s gelungen auch die neue Genotypen mit spezifischem Aroma zu gewinnen. Im Jahre 2017 wurden zwei neue tschechischen Hop-
fensorten Gaia und Boomerang registriert. In den Registerpriifungen wurden es Genotype 5193 und 5164. Neue Generation von Geno-
typen mit spezifischem Aroma zeichnet sich durch eine breite Variabilitét von einzelnen Hopfenaromatypen aus.
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1 UvOD

V poslednich letech vyrazné stoupéa zajem o typ chmele se speci-
fickou vlini. PfedevS§im malé pivovary vyrabi specialni piva, ktera se
vyrazné odliSuji od ¢eského typu piva. Jedna se predevsim o svrch-
né kvasena piva (IPA, APA, ALE, IBA atd.). Nejvy$si nardst zajmu
o tato piva je v USA. V poslednich letech se tento zajem rozsifil
po celém svété. Z tohoto diivodu vSichni Slechtitelé tvofi nové odriidy
s odlinymi vinémi. Nové odridy chmele typu ,flavour maji nejvyssi
rlst v ramci registrace po celém svété. Slechténi chmele v Ceské
republice se téz zaméfilo na tvorbu chmele se specifickou vini. Vy-
sledkem je registrace odridy Kazbek, ktera se vysazuje v chmelaf-
skych oblastech a je o ni vyrazny zéjem jak v ¢eskych pivovarech,
tak i v zahraniéi. V souc¢asné dobé je ve $lechténi chmele v Ceské
republice fada perspektivnich genotypu. Plané chmele svoji vysokou
variabilitou maji velky vyznam pfi Slechténi chmele (Farago a kol.,
2013). Zajimavé jsou rovnéz i genotypy na nizké konstrukce (Ne-
svadba, 2016). V letech 2014 a 2017 bylo pfihlaSeno 12 nejlepSich
genotypl do registracnich zkousek.

2 MATERIAL A METODIKA

Slechténi chmele v Ceské republice stale pokraduje v tvorbé no-
vych aromatickych a horkych odriid chmele. V letech 2012 a 2013
bylo provedeno 15 kfizeni zamérfenych na specifické viiné (Nesvad-
ba et al., 2013). Rodi¢ovské komponenty byly odriidy Kazbek, Co-
lumbus, rozpracovany $lechtitelsky material a plané chmele. Celkem
bylo vysazeno 2430 rostlin. Po hodnoceni viné &erstvych hlavek
v Slechtitelské chmelnici bylo z tohoto poc¢tu vybrano 84 genotypd.
Po prvnim hodnoceni po usu$eni bylo vybrano 27 genotypl, které
meély i po ususeni zajimavou specifickou vlni. Téchto 27 genotypl
nasledné hodnotilo 48 odbornik(. Na zakladé hodnoceni bylo vybra-
no 12 genotypl pro studené chmeleni, které byly rozdéleny do &ty
skupin. Z dlivodu vy$si prehlednosti vzorkl byly nadéjné genotypy
oznaceny nazvy planet. Vybér nazvi byl dan tim, Ze se jedna
0 nechmelové viné (vané z jiné planety).

Prvni skupinu tvofily genotypy s nejvy$sim hodnocenim citrusové
viné. Velmi zajimavy je genotyp Eris, ktery nevykazuje jinou vini
nez citrusovou. Druhou skupinu tvofily genotypy s nejvy§§im hodno-

Keywords: hop, Humulus lupulus L., hop breeding, flavour hops,
perspective genotypes

1INTRODUCTION

Breweries are still more and more interested in hops with specific
aroma in the recent years. Especially, small breweries produce spe-
cial beers, which are different from the common Czech lager beers.
It concerns particularly beers produced by top fermentation (IPA,
APA, ALE, IBA, etc.), which are wanted not only by American brew-
eries but also by breweries all over the world. It is the reason why
many hop breeders, including Czech ones, have aimed at getting
new varieties of flavour hops, which is obvious from the great num-
ber of newly released cultivars of this type. The first Czech variety of
this type is Kazbek, whose growing area in Czech Republic is still
getting larger because of interest from Czech as well as foreign
breweries. At present, there is a number of perspective flavour geno-
types in our trials including some dwarf ones (Nesvadba, 2016). Wild
hops are used within this breeding process as well (Farago et al.,
2013). In the period since 2014 till 2017 twelve best genotypes en-
tered registration trials.

2 MATERIAL AND METHODS

The process of hop breeding aimed at aroma and bitter hops still
continues in CR. Nevertheless, in 2012 and 2013 fifteen crossing
were made focused on specific aroma (Nesvadba et al., 2013). Vari-
eties Kazbek, Columbus, wild hops and developing new genetic ma-
terial served as parental components. We planted 2,430 hop plants
totally. After the assessment of the flavour of fresh cones we chose
84 perspective genotypes for other breeding work. After the first
evaluation of hop cones after drying the set of 27 genotypes was
selected. We preferred the ones with interesting flavour even after
drying. The samples of these hops were assessed by 48 experts. On
the base of this evaluation we chose twelve most interesting geno-
types for cold hopping, which were divided into four groups. The
names of the planets of our solar system were chosen to replace
numbers of the individual genotypes for better clearness. We decid-
ed for planets because the flavours are not common hoppy ones, as
if they come from another planet.

The first group consisted of genotypes with the best evaluation of
citrusy flavour. From this point of view “The Eris” genotype seems to
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cenim kvétinové viné. Nejvyssi hodnoceni kvétinové viné mé geno-
typ Zemé. Zajimavé je, ze genotyp Pluto se vyznacuje soucasné
i vysokou intenzitou viné citrusové i kofenité. Treti skupinu tvofily
genotypy s nejvy$sim hodnocenim ovocné viiné. Genotyp Venuse je
charakteristicky vysokou ovocnou i kofenitou vlni. Lze konstatovat,
ze témér shodné slozeni charakteru vfmé maji genotypy Saturn
dva genotypy (Ceres a Haumea) s nejvyssi korenltou a jeden geno-
typ (Slunce) s nejvyssi dievitou vuni.

V rédmci Slechténi na nizké konstrukce se realizovalo celkem 24
kfizeni, z kterych bylo ziskano 75 502 semen. Ziskana semena byla
vyseta a ziskana potomstva byla vysazena do $lechtitelskych chmel-
nic. Od roku 2011 bylo hodnoceno 22 327 rostlin. Na zakladé po-
drobného hodnoceni bylo v prabéhu feSeni projektu vybrano 428
genotypl k chemickym analyzam. Po statistickém vyhodnoceni bylo
vybrano 91 nejlep$ich genotypa, které byly namnozeny a vysazeny
do Slechtitelské chmelnice. Na zakladé podrobného hodnoceni
do roku 2014 bylo z nich vybrano 12 perspektivnich genotyp(, které
byly pfedany do registracnich zkousek. Slechtitelskd Uspésnost
v rdmci celého souboru ziskanych genotypu je pouze 0,05 %. Popisy
rostlin byly provedeny na zékladé klasifikatoru chmele (Rigr a Fabe-
rova, 2000). Chemické analyzy pro stanoveni obsahu i slozeni
chmelovych pryskyfic v chmelovych hlavkach byly provedeny HPLC
metodou (EBC 7.7), (Analytica EBC, 1997). Chmelové silice byly sta-
noveny plynovou chromatografii (EBC 7.12). Pro hodnoceni byly vy-
brany zakladni statistické parametry: primér a stondsobek variaéni-
ho koeficientu.

3 VYSLEDKY A DISKUSE

Vybrané vzorky byly pouzity pro studené chmeleni v typu piva
ALE. Chmeleni bylo provedeno odriidami Agnus a Kazbek. Studené
chmeleni bylo provedeno z rozemletych hlavek jednotlivych genoty-
pu v mnozstvi 3 g/11 po dobu 10 dni pred staéenim. Hodnoceni piv
se Ucastnilo 23 pivovarskych odbornikd. K citrusovym vinim byl pfi-
dan kontrolni vzorek s odridou Kazbek. Z obr. 1 je patrné, ze nej-
vy$§i oblibu z citrusovych vini maji genotypy Eris a Jupiter. Kvéti-
nové viné v pivu nebyly tak vyrazné jako citrusové. Proto nejvyssi
oblibu ziskal genotyp Zemé, ktery ma nejintenzivnéjsi kvétinovou
vUni. Z ovocnych vini jednoznaéné vykazuje nejvyssi preferenci ge-
notyp Saturn. Z posledni skupiny nejvyssi preferenci ziskal genotyp
Slunce. VSichni degustatofi se shodli, ze je velmi vhodny pro typ
piva IBA. Z celkového pohledu Ize konstatovat, Ze kazdy genotyp
byl zajimavy. Tento poznatek Ize poukazat u skupiny ovocnych
vuni. Genotyp Neptun vykazoval velmi slabou vini po broskvich.
| kdyZ nebyla tak intenzivni, pfesto jeden z degustatord ji preferoval
pro svou jemnost.
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Obr. 1 Preference genotypu pouzitych pro studené chmeleni / Fig. 1
Preference of genotypes used for cold hopping

V soucasné dobé jsou v registracnich zkouskach pfihlaSeny dva
genotypy (tab. 1), které maji odliSnou vini nez Kazbek. Presto Slech-
téni chmele na specifické viné nekonéi, ale naopak se provedla
fada kfizeni a ziskané genotypy se vyznacuji intenzivnimi a velmi
zajimavymi nechmelovymi vinémi. V ramci programu S$lechténi
chmele na nizké konstrukce jsou velmi perspektivni genotypy N2
a N8.

be very interesting as it shows entirely this type of flavour. Genotype
“The Earth” was the best within the second group, where floral fla-
vour was evaluated. High intensity of floral as well as citrusy and
spicy flavours are typical for “The Pluto” genotype. Fruity flavour rep-
resented the third group, where the highest intensity of this flavour
was evaluated. It was found out that “The Venus” is characteristic not
only by fruity but also by spicy flavours. Nearly the same ratio was
found out in “The Saturn” and “The Neptune” genotypes, with lower
intensity in “The Neptune”. The fourth group is represented by two
flavour genotypes, “The Ceres” and The Haumea” with the highest
intensity of spicy aroma and “The Sun” genotype with the most dis-
tinctive woody aroma.

Totally 24 crossings were realized for dwarf hops; out of them we
have managed to get 75,502 seeds. The seeds were sown and the
progenies were planted into breeding hop gardens. Since 2011 we
have assessed 22,327 plants. On the base of the detailed evaluation
we have selected 428 genotypes in the course of the project, which
were subjected to chemical analyses. After the statistical assess-
ment we chose 91 promising genotypes, which were propagated and
planted into breeding hop gardens. Since 2014 we have selected
twelve perspective genotypes, which are now in registration trials.
Breeding successfulness within the whole array amounts to mere
0.05%. Descriptions of the plants were carried out on the base of hop
classificatory (Rigr and Faberova, 2000). Chemical analyses for the
determination of the contents and compositions of hop resins in hop
cones were made by HPLC /EBC 7.7/ method (Analytica, 1997). Hop
essential oils were specified with the help of gas chromatography
(EBC 7.12). The basic statistical parameters (average and hundred-
fold of variational coefficient) were used for the statistical evaluation.

3 RESULTS AND DISCUSSION

Selected samples were used for cold hopping when ALE type of
beer was brewed. Agnus and Kazbek were used for the first hopping.
Ground cones of the individual tested genotypes in the dose of 3.0
g/l, added ten days before bottling, were used for cold hopping.

Twenty-three brew masters evaluated the beers. Kazbek was
used as a reference sample within citrusy flavours. It is obvious from
Fig. 1 that genotypes “The Eris” and “The Jupiter” were the most fa-
vourite ones within citrusy aromas. Floral flavours were not as dis-
tinctive as citrusy ones. Therefore, the tasters preferred “The Earth”
genotype because of its intensive floral aroma. Among fruity types
"The Saturn” was the most favourite one, even though it is not unam-
biguous. “The Sun” genotype was the best within the last group. All
the tasters have agreed that is very suitable for IBA production. We
can say that each genotype is interesting for its specificity. We can
demonstrate it in the group of fruity flavours. Even though “The Nep-
tune” genotype showed just mild peach aroma, one of the taster pre-
ferred it for its fine aroma.

Two perspective genotypes with aroma different from Kazbek are
in registration trials at present (Table 1). Other crossings were car-
ried out and the obtained genotypes are typical by their interesting
specific aromas. Within the program aimed at dwarf hops genotypes
N2 and N8 seem to be very perspective ones.

In 2017 two new hop varieties Gaia and Boomerang have been
registered. Contents and compositions of hop resins and essential
oils are shown in Tables 2 and 3. Gaia originates from Agnus and it
was named after the Greek goddess of Earth because of its vigour
and very good productivity. Gaia (Fig. 2) is characteristic for its hoppy
and spicy aroma. As it ensues from pilot tests Gaia is suitable not
only for the first but for the second hopping as well. Boomerang (Fig.
3) is also after Agnus. As it is typical by its specific aroma it can be
used as flavour hops too. If added in the form of cold hopping the
flavour comes back as a boomerang into a fine aroma of beer. Aro-
ma is intensively spicy and citrusy. Boomerang is suitable for both
the first and the second hopping of top fermented ALE, IPA and IBA
beers. It can be used in the form of 100% hopping as well as for cold
hopping in these types of beer.

In the period since 2014 till 2017 twelve best dwarf genotypes en-
tered registration trials. Genotypes N33 and N5 were the most pro-
ductive with the average yield of 3.16 resp. 2.86kg of fresh hops/
plant, which corresponds to 2.0 tons of dry hops/ha. Good yield of
2.0kg of fresh hops/plant show genotypes N2, N3, N11 and PG1428.
It corresponds to 1.5 tons of dry hops per hectare. Commercial as-
sessments, carried out in all these genotypes, were aimed at aroma,
overall appearance and damage caused by downy and powdery mil-
dew. None of them showed damage caused by these fungal dis-
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Tab. 1 Prespektivni genotypy se specifickou vini / Table 1 Perspec-

tive genotypes with specific aroma

Tab. 2 Obsah a slozeni chmelovych pryskyfic / Table 2 Content and
composition of hop resins

Alfa kys. Beta kys. Alfa kys. Beta kys.
Genotyp | (%hm) | (%hm) | Sohumulon fy;n Odrida (% hm.) (% hm.) A’?gﬁ’;}gga Sohumulon
Genotype | Alpha acids | Beta acids (% rel.) Aroma Variety Alpha acids Beta acids s (% rel.)
(% wiw) | (% w/w) e (% w/iw) (% w/w) e
Stfedni, chmelo- .
5193 104 55 2 VA, OVOCN4 a Gitrusové Gaia 12-15 5-10 1.3-27 20-29
' ’ | Medium, hoppy, fruity
and citrusy Boomerang 10-14 5-10 1.5-2.3 27-32
5164 121 6.3 8 ?;I)l?c?/ kofenita / Strong

V roce 2017 byly registrovany 2 nové ¢eské odriidy chmele Gaia
a Boomerang. Obsahy a slozeni chmelovych pryskyfic i silic jsou
uvedeny v tab. 2a 3. Odriida Gaia (obr. 2) je po odridé Agnus a byla
pojmenovana po fecké bohyni Zemé Gaia, protoze se jednd o vy-
nosnou a mohutnou rostlinu. Aroma je chmelové a kofenité. Na za-
kladé pivovarskych testd je Gaia vhodna pro prvni i druhé chmeleni.
Odriida Boomerang (obr. 3) je téZ po Agnusu, kterd se vyznacuje
specifickou vini, proto ji Ize vyuzivat i jako ,Flavour hops“. Pfi pouzi-
ti ve studeném chmeleni se viné vrati do pfijemné viné piva. Z to-
hoto dlivodu byla odriida pojmenovana Boomerang.

Tab. 3 Obsah a slozeni chmelovych silic / Table 3 Content and com-
position of hop essential oils

Obsah .
= Myrcen | Karyofylen | Farnesen | Humulen | Selineny
. (%hm.) )
Odrida Myrcene | Caryophyllene | Farnesene | Humulene | Selinene
Coiles (% rel.) (% rel.) (% rel.) (Y%orel) | (%rel)
(% w/w) ' ' ' ' '
Gaia 1.5-2.5 | 23-37 9-12 5-7 2-4 25-27
Boomerang | 1.5-3.0 | 30-53 7-11 0.4-1.0 17-24 1-2

Obr. 2 Odrida Gaia / Fig. 2 Gaia variety

Aroma je intenzivni kofenité, chmelové a citrusové. Odrida Boo-
merang je vhodna pro prvni a druhé chmeleni u spodné kvasenych
piv. Do pivni skupiny svrchné kvasenych piv ALE, IPA, IBA atd. je
velmi vhodna jak pro 100% chmeleni, tak i pro studené chmeleni.

V letech 2014 a 2017 bylo pfihlaSeno 12 nejlepSich genotypu
na nizké konstrukce do registracnich zkouSek. Nejvyssi vynos vyka-
zuje N 33 a N5, a to 3,16 resp. 2,86 kg cerstvého chmele na rostlinu.
Coz by v pfepoctu suchého chmele na 1 ha plochy byl vynos na trov-
ni 2t. Vysoky vynos, 2kg ¢erstvého chmele na rostliny, vykazuji ge-
notypy N2, N3, N11 a PG1428. U téchto genotypu by prepocteny
vynos suchého chmele byl na urovni 1,5 t/ha. U vSech genotypu byly
provedeny obchodni posudky, které byly zaméreny na vini chmele,
celkovy vzhled a poSkozeni peronosporou chmelovou a padlim
chmelovym. VS8echny genotypy nevykazuji zadné poskozeni choro-
bami. Vani chmele Ize rozdélit na chmelové (N7, N12, N13
a PG1428), korenité (N3, N5, N8, a N35) a specifické (N2, N10, N11
a N33). Obsah alfa kyselin v hodnocenych zakrslych genotypech
v roce 2016 nepfesahuje 10,0% hm., nejvice alfa kyselin obsahuji
genotypy N11 (7,7 %), N12 (7,5%) a N3 (7,0 %). Naproti tomu geno-
typy N5, N7, a N35 obsahuiji pfiblizné 3,0 % alfa kyselin. Obsah beta
kyselin je u v8ech hybrid(i mensi nez alfa kyselin. Jejich vzajemny
pomér se pohybuje v rozmezi 1,5 az 2,3. Podil kohumulonu se pohy-
buje v pomérné Sirokém intervalu od 15,9 % rel. (N8) az 32,4 % rel.
(N11), vétsina genotypl obsahuje kohumulon v rozmezi 20-25%
rel. Pro pivovarské testy byly vybrany genotypy, které vykazovaly
nejvyssi variabilitu v obsahu a slozeni chmelovych pryskyfic i silic,
a to z dGvodu senzorické variability v pivu. Jedna se o genotypy N5,

Obr. 3 Odrida Boomerang / Fig. 3 Boomerang variety

eases. According to their aroma they can be divided into hoppy (N7,
N12, N13 and PG1428), spicy (N3, N5, N8 and N35) and specific
ones (N2, N10, N11 and N33). In samples harvested in 2016 alpha
acid content does not exceed 10.0% w/w. The highest content of al-
pha acids was found out in genotypes N11, N12, N3 (7.7%; 7.5%;
resp. 7.0% w/w). Genotypes N5, N7 and N2 have lower content of
alpha acids (ca 3.0% w/w). Content of beta acids is in all these hy-
brids lower than alpha acids. Their ration moves in the range since
1.5 till 2.3. Cohumulone ratio moves in relatively wide interval, since
15,0% rel. (N8) till 32.4% rel. (N11). In most of the genotypes cohu-
mulone ratio is in the range of 20%-25% rel. Genotypes with the
highest variability in the content and composition of hop resins and
essential oils (N5, N7, N8, N10, N33 and PG 1428) were chosen for
brewing tests because of sensoric variability in beers. Genotype
PG1428 was not distinctive in the beer but its bitterness was pleas-
ant. Therefore, we can recommend it for the third hopping. Geno-
types N5, N7 and N10 show higher sensoric bitterness with pleasant
dying away. Therefore, they are suitable for the second and third
hopping. Very interesting are genotypes N8 and N33, which are
characteristic of their specific aroma. They bring spicy and fruity fla-
vours into beer. The highest intensity was found out in N8 genotype.
Therefore, these two genotypes can be used for the production of
special beers.
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N7, N8, N10, N33 a PG 1428. Vzorek PG 1428 je v pivu nevyrazny,
ale jeho hofkost je pfijemna. Tento genotyp by byl vhodny pro tfeti
chmeleni. Vzorky N5, N7 a N10 vykazuji vy$si senzorickou horkost
s pfijemnym doznivanim. Tyto genotypy |ze pouzivat pro druhé i tfe-
ti chmeleni. Velmi zajimavé jsou genotypy N8 a N33, které jsou cha-
rakteristické svou specifickou vini. V pivu maji kofenitou a ovocnou
vuni. Nejvyssi intenzitu ma genotyp N8. Tyto dva genotypy Ize pou-
zivat i pro vyrobu specialnich piv.

4 ZAVER

Slechténi chmele na specifické viné je velmi obtizné. Divodem je
ménici se viiné chmele v prib&hu hodnoceni. Rada genotyp(i ztrati
svoji vlni pfi suseni a fada genotypu ji nepfeda do piva. Nékteré
genotypy naopak negativné ovlivni i jeho chut. VySe uvedené geno-
typy se specifickou vlni jsou v sou¢asné dobé testovany v fadé ma-
lych pivovarl. V roce 2016 bylo zahajeno jejich mnozZeni a v pfistim
roce bude provedena vysadba vysSiho poctu rostlin. V soucasné
dobé je zfejmé, Ze nova fada genotypll ma vyssi intenzitu i variabilitu
vlni nez dosud registrovana odrida Kazbek nebo nové genotypy
5193 a 5164 pfihlaSené do registracnich zkousek. Slechténi chmele
na specifické viné pokracuje a diléi vysledky poukazuji, ze se opét
podafilo ziskat nové genotypy s velmi zajimavymi viinémi. Originalita
téchto vani je dana pouzivanim planych chmell. Diky pivovarskym
testim a fadé mensich pivovarl se nové genotypy dostavaji do po-
védomi. V sou¢asné dobé je vyssi zajem o provozné testovaci pivo-
varské varky, nez je dostupné mnozstvi chmele. Véfime, Ze tyto ge-
notypy budou brzy dostupné pro pivovarskou praxi.
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4 CONCLUSIONS

Hop breeding aimed at specific flavours is very difficult because of
changing aroma during the assessment. Many genotypes lose their
aroma during the drying process and many of them do not transmit it
into beer. Some genotypes, on the contrary influences also its taste.

Above-mentioned genotypes with specific flavour have been test-
ed in numerous small breweries. In 2016, we started to propagate
these perspective genotypes and in 2018 more plants of these geno-
types will be planted. At present, we know that the new genotypes
have higher intensity and variability of flavours than Kazbek or geno-
types 5193 and 5164, which are in registration trials. The results
show that we have managed to get new very good flavour genotypes
with very interesting aromas. Originality of the flavours ensues from
wild hops used within the crossings. Thanks to experimental batches
in pilot and small conventional breweries the new genotypes have
been brought to attention of brew masters. It is the reason why the
demand is higher than the supply. Nevertheless, we believe that we
will be able to satisfy this increasing demand for high quality flavour
hops, which will be available for breweries.
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