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V ramci mezinarodniho projektu EUREKA se realizovala kfizeni pro tvorbu novych potomstev zakrslého typu chmele. Celkem se
ziskalo 22 327 genotypu, z nichz se po 4 letém hodnoceni pfihlasilo 12 nadéjnych genotypl do reglstracnlch zkousek UKZUZ. Nejvy-
konnéjsi genotypy jsou N11 a N12, které maji obsah alfa kyselin 8,85 % hm. resp. 7,71 % hm. a vynos chmele 1,75 t/ha resp. 1,30 t/
ha. Genotypy N5 a N10 jsou obsahem a sloZenim chmelovych pryskyfic velmi podobné Zateckému poloranému &erveriaku. Genotyp
N8 je zajimavy z pohledu viiné chmelovych hlavek, kterou tvofi smés kvétinové, ovocné a korenité viiné. V sou¢asné dobé se vSechny
genotypy testuji v péstitelské i pivovarské praxi.

Nesvadba, V.: Breeding process aimed at dwarf hops. Kvasny Prum. 62, 2016, No. 6, pp. 166—172

Crossings aimed at breeding of new dwarf hop progenies were carried out within the international EUREKA project. Totally 22,327
genotypes were obtained. After the assessment lasting for four years twelve perspective genotypes entered the registration trials in Cen-
tral Institute for Supervising and Testing in Agriculture. The most efficient are genotypes N11 and N12 with alpha bitter acids contents
of 8.85, resp. 7.71% and yield of 1.75 t/ha, resp. 1.3 t/ha. Genotypes N5 and N10 are very similar from alpha bitter acids contents and
composition of hop resins point of view to Saazer. Genotype N6 is interesting because of the mixture of floral, fruity and spicy aromas of
its cones. At present all these genotypes are tested not only by farmers but by brewers as well.

Nesvadba, V.: Die Schaffung der neuen Zwerghopfensorten. Kvasny Prum. 62, 2016, Nr. 6, S. 166—172

Im Rahmen des internationalen Projektes EUREKA wurde eine Kreuzung fir die Schaffung von neuen Nachkommen Typ Zwerghop-
fen durchgefiihrt. Die Gesamtausbeute wurde 22 327 Genotypen, von denen nach einer 4-Jahres-Bewertung 12 viel versprechende
Genotypen in die offiziellen Tests eingeschrieben wurden. Die méachtigsten Genotypen sind N11 und N12, die einen Gehalt an Alpha
Séuren 8,85 % wt., resp. 7,71 % (Gew.) und Hopfen Ausbeute 1,75 t/ha, resp. 1,30 t/ha (Gew.) aufgewiesen haben. Genotypen N5 und
N10 sind mit dem Gehalt und der Zusammensetzung von Hopfenharzen der Hopfensorte Saazer halbfrihe Rothopfen sehr &hnlich. In
Bezug auf Hopfendolden Aroma ist Genotyp N8, bestehend aus einer Mischung aus blumigem, fruchtigem und wiirzigem Aroma, ganz

interessant. Zurzeit werden alle Genotypen in der Produktion und Brau Praxis getestet.

Klicova slova: chmel, humulus lupulus L., zakrslé genotypy, nizké
konstrukce, vynos, chmelové pryskyrice, chmelové silice, viné
chmele

1 UVOoD

V Ceské republice se od roku 2008 zagina vyuzivat nova tech-
nologie pro péstovani chmele na nizkych konstrukcich. Klasicka
technologie vyuzivé konstrukce pro péstovani chmele vysoké 7 m,
zatimco nova technologie je zaloZzena na systému péstovani chmele
na konstrukcich vysokych pouze 3 m. Tato zména vyrazné snizuje
potfebu sezénni lidské prace a spotiebu pesticidi v ochrané pro-
ti chorobam a Skddcum. V sou€asném systému péstovani chmele
na nizkych konstrukcich se v CR pouZivaji vyhradné ceské odriidy
chmele: Zatecky polorany Cervenak (ZPC), Sladek a Premiant. Hlav-
ni divod, pro¢ nejsou v CR vhodné odrlidy pro tento zplsob pés-
tovani registrovany, je ze dosud nikdo v Evropé, s vyjimkou Velké
Britanie, nepovazoval tuto technologii za perspektivni (Darby, 2001).
Az problémy s dostupnosti sezénnich pracovnich sil a vysokeé finané-
ni naklady na lidskou praci nuti i nase péstitele chmele prechazet
postupné na systém péstovani chmele na nizkych konstrukcich. Dal-
§i argument spociva v tom, ze stavajici odridy jsou pouzivany pro
chmeleni v Eeskych i zahrani¢nich pivovarech, ¢imz je zajistén odbyt
vyrobeného chmele. Bohuzel, vy$e uvedené ¢eské odridy vysokého
typu nejsou vhodné pro novy zpusob péstovani, jelikoz vytvafi mo-
hutny habitus a olisténi na tkor chmelovych hladvek. Proto je nutné
pro péstovani chmele na nizkych konstrukcich vys$lechtit specialni
odriidy. VSechny ¢eské registrované ,vysoké“ odrlidy chmele maji
internodia vzdalena 25 az 30 cm, zatimco u odrlid vhodnych pro pés-
tovani na nizkych konstrukcich (tzv. trpasli¢i odrady) Cini prdmérna
vzdalenost internodii pouhych 8 az 12 cm (Nesvadba et al., 2011).
PFi¢inou je to, Ze tyto odridy obsahuji tzv. gen zakrslosti zptisobu-
jici pomaly rust a zkraceni internodii. Zplsob péstovani chmele na
nizké konstrukci ma své zacatky ve Velké Britanii, kde se chmel na
nizkych konstrukcich bézné péstuje jiz od poloviny devadesatych let
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1INTRODUCTION

Since 2008 a new technology of growing hops on low trellises has
been tried in CR. Whereas the traditional trellis is 7 m tall, the new
technology is just 3 m tall. Thanks to this change costs on labor
and pesticides used to control pests and diseases are considerably
decreased. Up to now, only Czech hop varieties Saazer, Sladek and
Premiant have been grown in low trellises. These varieties had been
bred for growing in the traditional tall trellises and therefore they are
not suitable for such a type of hop cultivation because of their too vig-
orous habitus, long internodes and laterals and too many leaves at
the expense of cones. The main reason why new dwarf hop varieties
have not been at disposal is that nobody within Europe hop growing
countries (except the UK) did not consider this technology as a per-
spective one (Darby, 2001). Nevertheless, the problems arising from
the lack of good-quality labor and high costs on it have made Czech
hop growers reconsider if to change the traditional technology.

If we want to use the new hop growing technology, it is neces-
sary to breed new dwarf hop varieties suitable for cultivation in low
trellises. All the Czech traditional varieties have internodes long 25—
30 cm, whereas for dwarf hops we need them to be much shorter,
8-12 cm (Nesvadba et al., 2011). Gene of dwarfism is necessary for
crossing so as to be able to obtain hop plants with such short inter-
nodes. Hop growing on low trellises started in the UK where dwarf
hops are commonly cultivated since the middle of the nineties of the
last century (Glendinning, 2009). It is obvious that just in the UK
they have the most experience with this type of hop growing. From
this reason we started the cooperation with English research estab-
lishment “Philip Davies& Son“, especially with its leading researcher
Peter Glendinning who is the famous expert at hop breeding aimed
at dwarf hops. On the base of this cooperation research project “LF
11008” “Development of sustainable quality aroma dwarf hops in
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(Glendinning, 2009). Pravé zde maji nejvétsi zkuSenosti se Slechté-
nim novych odriid chmele vhodnych pro nizké konstrukce. Z tohoto
ddvodu byl navdzan kontakt s anglickym pracovistém ,Philip Davies
& Son (Peter Glendinning)“, kde se specializuji pravé na Slechténi
odrad chmele uréenych pro péstovani na nizkych konstrukcich. Na
zékladé této spoluprace se od roku 2011 Uspésné fesil projekt LF
11008 ,Vyslechténi jemnych aromatickych odrid ¢eského a anglic-
kého chmele vhodnych pro péstovani na nizkych konstrukcich s ce-
losvétovym uplatnénim pfi vyrobé kvalitniho piva“v ramci programu
EUREKA. Vystupem tohoto projektu bylo pfihlaSeni 12 nadéjnych
genotypl chmele do registraéniho fizeni.

Do registraénich pokusu pfihlasené genotypy vykazuiji velmi dobré
vykonnostni parametry. Nicméné, bude nutné je ovéfit v poloprovoz-
nich podminkach a zjistit, zda jsou tyto znaky zalozeny geneticky
nebo ovlivnény prostfedim. Déle je nutné ovéfit, zda agrotechnické
zasahy nebudou negativné ovliviiovat kvalitativni znaky téchto ge-
notypu. Cilem je zajistit vyrobu chmele s mirou rentability umoznujici
nahradu stavajicich nevhodnych odrld pro tento systém péstovani.
Predpokladame jejich rozsifeni jak v Ceské republice, tak i v zahra-
ni¢i. DalSim vyznamnym cilem je pivovarské uplatnéni nové ziska-
nych odrid. Chmelafsky institut s.r.0. Zatec ma k dispozici pokusny
minipivovar, ve kterém se budou vafit testovaci varky. Dale uzce
spolupracuje s ¢eskymi pivovary, kde se budou provadét ovérovaci
varky. Jednim z cilll je ziskat jemné aromatické chmele pro kvalit-
ni Ceska piva. DalSim cilem je ziskat specifické aromatické chmele
evropského typu vhodné pro piva anglického typu. Aby se v8ech-
ny zadané cile podafilo splnit, byl podan navazujici projekt v ramci
programu EUREKA. Od fijna 2015 je feSen navazujici projekt LF
15020 ,Komercionalizace specifickych aromatickych evropskych
chmeltd vhodnych pro péstovani na nizkych konstrukcich v Ceské
republice a Velké Britanii za ucelem uspokojeni zvysujicich celosvé-
tovych pivovarnickych poZadavku“. Jedna se o mezinarodni projekt,
kde se opét spolupracuje s anglickym pracovistém ,Philip Davies &
Son (Peter Glendinning)“ a nové s obchodni firmou ,,Charles Faram®.

Spojeni ¢eské a anglické strany je pro splnéni zadanych cild pro-
jektu optimalni. Tato spoluprace byla vysoce efektivni jiz v prvnim
spole¢ném projektu v ramci programu EUREKA. Anglicka strana
disponuje unikatnim genofondem zakrslych chmeld nezbytnych pro
tvorbu novych potomstev. Sou¢asné ma zkusenosti s tvorbou odrld
chmele vhodnych pro nizké konstrukce. Dale ma uzkou spolupra-
ci s anglickymi pivovary, kde se budou testovat vybrané genotypy
chmele. Ceska republika je ve svété povazovana za centrum Slech-
téni kvalitnich aromatickych odrid chmele, nezbytnych pro vyrobu
prémiovych znacek piv. Chmelafsky institut provozuje pokusny mini-
pivovar, kde zkousi kvalitu novych odrdd chmele v pivu jiz vice nez
40 let. Zajisti testovani vybranych genotyp( v Ceskych pivovarech,
s kterymi Uzce spolupracuje. Ceska strana disponuje péstitelskou
plochou, kde je jiz zaloZen poloprovozni pokus s pfihlaSenymi ge-
notypy do registracniho fizeni. Dale ma k dispozici klimatizovanou
bio-laboratof, chemickou laborator a laboratof molekularni genetiky,
které patfi ve svém oboru mezi nejlépe vybavené laboratofe v Ev-
ropé. Tato zafizeni budou vyuzita v ramci feSeni projektu obéma
partnery.

Hlavnim cilem je registrovat minimalné dvé ¢eské odridy chmele
s pravni ochranou pro péstovani na nizkych konstrukcich, a déale
tyto odrldy uplatnit v péstitelské i pivovarské praxi, aby byl po je-
jich registraci zajistén odbyt. Dle pozadavkl €eskych a anglickych
chmelafu se predpoklada zajem o vysadbu ziskanych odrid chme-
le. Dal§im dulezitym cilem je feSeni specifické ochrany chmele proti
chorobam a $kddcdm s cilem sniZzeni nakladd na ochranu chmele.
Zavedenim alternativnich metod ochrany chmele bude odstranéno
riziko rezidui pesticidi ve hlavkach a dojde ke snizeni ekologické
zatéze ve chmelarskych oblastech CR. K dllezitym cilim patfi i vyu-
ziti genetickych a chemickych metod pro identifikaci genu zakrslosti
chmele a hledani genetickych a chemotaxonomickych markert odol-
nosti genotypu vici msici chmelové. Uvedené cile budou spinény do
ukonceni projektu v roce 2017.

2 MATERIAL A METODY

Od pocétku feSeni projektu LF 11008 se vyhodnotila databaze ge-
nofondu chmele na Ceské i anglické strané. Na zakladé zjiSténych
dat byl proveden vybér vhodnych rodi¢ovskych komponentt pro jed-
notlivé typy kfiZzeni (testovaci, konvergentni, zpétné a kombinaéni).
Z téchto unikatnich genofondli byla kazdoro¢né realizovana kfizeni.
Samici rostliny pro kfizeni byly pouzity z genetickych zdroji chme-
le (MZe 33083/03-300). Realizovalo se celkem 24 kfizeni, z kterych

both the CR and the U.K. to supply brewing worldwide” had been
solved since 2011 within EUREKA. We have managed to release 12
perspective genotypes, which are now under registration process.
The genotypes show very good parameters. Nevertheless, it is nec-
essary to test them in pilot trials to find out if these characteristics are
given genetically or if they are environmentally influenced. It is also
necessary to verify if agro-technical operations will not have negative
effect on the qualitative features of the tested genotypes. The objec-
tive is to replace up to now grown traditional Czech varieties unsuit-
able for such a type of cultivation by these perspective dwarf hops
on condition their profitability will be comparable with classical hop
growing system in CR. We suppose they will be cultivated not only
in CR but abroad as well. Another important objective is the demand
from breweries for such varieties. Hop Research Institute owns a pi-
lot brewery where tested batches will be brewed. Good cooperation
with some Czech breweries is necessary to persuade them to try
these hops too. One of the goals is to get fine aroma hops suitable
for high quality Czech beer brewing. Effort is also aimed at getting
specific hop of the European provenance suitable for beers of En-
glish types. So as to be able to fulfill these objectives the continuing
EUREKA project was put forward. It has been solved since October
2015 under the designation LF 15020: “Commercialization of highly
aromatic European hops by both the Czech Republic and the U.K. to
supply brewing demand worldwide. It is again an international proj-
ect based on the cooperation between Hop Research Institute, Co.
Ltd. (CR) and “Philip Davies & Son“ and newly an English hop mer-
chant company “Charles Faram”. This connection seems to be opti-
mal if we take into consideration up to now results and experience.
English partners have at disposal a unique gene fond of dwarf hops
necessary for breeding work at this field as well as good experience
with crossing aimed at dwarf hops. They also have long cooperation
with English breweries, where new genotypes will be tested. Hop
Research Institute has been considered the world center of breeding
aimed at fine aroma hops, necessary for the production of high qual-
ity premium beers. It owns a pilot brewery where the brewing quality
of new genotypes has been tested for more than forty years. Hops
from perspective genotypes will be tested in the Czech breweries,
which are interested in such varieties and have good cooperation
with Hop Research Institute. The institute has at disposal commer-
cial hop gardens, where pilot trials with above-mentioned genotypes
run. It also has an air-conditioning bio-laboratory as well as chemical
laboratory and laboratory of molecular genetics, which belong in their
branch to the best- equipped ones in the Europe. All these devices
and facilities will be utilized by both partners.

The main objective is to release at least two Czech dwarf varie-
ties with legal protection suitable for growing in low trellises. These
varieties should be able to enforce in practical cultivation and should
be highly demanded by brewers. On the base of Czech and English
hop growers’ demand we suppose they will be interested in their
cultivation. Another very important task is to figure out hop protection
against pests and diseases with the aim to decrease considerably
the costs on pesticides. Alternative methods using soft chemicals
and increase of the role of predators to control downy mildew and
spider mites should remove the risk of pesticide residues in hops
and reduce the environment pollution in Czech and Moravian hop
growing regions. We suppose to utilize genetic and chemical me-
thods for identification of the gene of dwarfishness and searching
for chemo-taxonomical markers responsible for resistance of hop
genotypes to damson-hop aphid. Above-mentioned objectives will
be fulfilled by 2017.

2 MATERIAL AND METHODS

Since the beginning of EU LF 11008 research project we had
evaluated the database of hop gene collection on both the Czech
and the English side. On the base of these data we carried out the
selection of suitable parental components for the individual types
of crossing (testing, convergent, reverse and combinational). Each
year we had crossings from these unique gene collections. Female
plants were their origin from genetic resources (MZe 33083/03-300).
Totally 24 crossings were realized; 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 selec-
ted 428 genotypes in the course of the project, which were subjected
to chemical analyses. After the statistical assessment we chose 91
promising genotypes, which were propagated and planted into bree-
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bylo ziskano 75 502 semen. Ziskana semena byla vyseta a ziskana
potomstva byla vysazena do Slechtitelskych chmelnic. Od roku 2011
bylo hodnoceno 22 327 rostlin. Na zékladé podrobného hodnoceni
bylo v pribéhu feseni projektu vybrano 428 genotypl k chemickym
analyzam. Po statistickém vyhodnoceni bylo vybrano 91 nejlepSich
genotypU, které byly namnozeny a vysazeny do $lechtitelské chmel-
nice. Na zakladé podrobného hodnoceni do roku 2014 bylo z nich
vybrano 12 perspektivnich genotyp(, které byly pfedany do regis-
traénich zkous$ek. Slechtitelska Uspésnost v ramci celého souboru
ziskanych genotypu je pouze 0,05%. Popisy rostlin byly provedeny
na zakladé klasifikatoru chmele (Rigr a Faberova, 2000). Chemic-
ké analyzy pro stanoveni obsahu i sloZzeni chmelovych pryskyfic
v chmelovych hlavkach byly provedeny HPLC metodou (EBC 7.7),
(Analytica, 1997). Chmelové silice byly stanoveny plynovou chroma-
tografii (EBC 7.12). Pro hodnoceni byly vybrany zakladni statistické
parametry: praimér a stondsobek variaéniho koeficientu.

Genotypy zakrslého typu, které jsou v registracnich zkouskdach
UKzuz:

N2 — Registraéni ¢islo odridy HML27574, kéd odrady 5095059, Cis-
lo Zadosti P10112.

N3 — Registraéni ¢islo odrady HML27575, kod odrady 5095059, ¢is-
lo Zadosti P10113.

N5 — Registraéni ¢islo odridy HML25564, kéd odriidy 5093048, ¢is-
lo zadosti B2785.

N7 — Registraéni &islo odridy HML25565, kod odriidy 5093049, &is-
lo zadosti B2786.

N8 — Registraéni ¢islo odridy HML25566, kéd odriidy 5093050, ¢&is-
lo Zadosti B2787.

N10 — Registra¢ni ¢islo odridy HML25567, kéd odridy 5093051,
Cislo Zadosti B2788.

N11 — Registracni Cislo odriidy HML27576, kéd odridy 5095060,
Cislo zadosti P10114.

N12 — Registracni ¢islo odriidy HML27577, kéd odridy 5095061,
Cislo zadosti P10115.

N13 — Registra¢ni &islo odridy HML27578, kéd odridy 5095062,
Cislo zadosti P10116.

N33 — Registra¢ni ¢islo odrlidy HML25568, kéd odridy 5093052,
¢islo zadosti B2789.

N35 — Registra¢ni ¢islo odridy HML27579, kéd odridy 5095063,
Cislo Zadosti P10117.

PG 1428 — Registraéni ¢islo odridy HML25569, kod odriidy 5093053,
Cislo Zadosti B2790.

Nadéjné genotypy jsou péstované na dvou stanovistich v katas-
tralnim Uzemi Steknik. Hodnoceni nadéjnych genotypl bylo prove-
deno v letech 2009 az 2015. Sklizers vzork( byla provedena ru¢né.
Vynos chmele se hodnotil pfepoctem sklizeného ¢erstvého chmele
na plochu 1 ha. Koeficient pro suchy chmel byl zvolen 4 (primérna
hodnota sklizenych vzork(). Hodnoceni chmelové viné bylo pro-
vedeno organolepticky 39 bonitéry. Genotypy byly zafazovany do
skupin podle charakteri ving, a to chmelova, citrusova, kvétinova,
ovocna, trava, korenita a drevo.

3 VYSLEDKY A DISKUZE

Z obr. 1 je patrné, ze obsah alfa kyselin je v rozmezi 2,87 % hm.
(N7) az 8,85 % hm. (N11). Nad primérnou hranici 7 % hm. obsa-
hu alfa kyselin jsou pouze 3 genotypy N11, N12 a N13. Naopak
obsahu alfa kyselin Ize tyto genotypy prlrovnat k ceskym regist-
rovanym odridam chmele. Genotypy N5, N7, N8, N10, N33, N35
a PG1428 Ize piirovnat k odridam ZPC a Saaz Late. Genotypy N2
a N3 k odrlidam Sladek, Kazbek nebo Bohemie. Genotypy s nejvys-
§im obsahem alfa kyselin Ize pfirovnat k odriddm Harmonie nebo
Premiant.

V tab. 1 jsou uvedeny primérné obsahy a sloZzeni chmelovych
pryskyfic, v€etné vyjadfeni procenta variability pomoci variaéniho
koeficientu. Pouze genotypy N5, N7, N11 a N12 vykazuji variaéni
koeficient u obsahu alfa kyselin pod hranici 20 %. Naopak nejvyssi
variabilitu vykazuje N8 a to 33,30 %. Variabilitu obsahu beta kyselin
pod hranici 20 % vykazuji 4 genotypy (N5, N7, N11 a N13). Presto,
ze genotyp N11 vykazuje nejvyéél’ obsah beta kyselin (4,68 % hm.),
nejvy$si pomér alfa/beta ma genotyp N10 a to 2,09. Varlablllta po-
meéru alfa/beta kyselin je v rozmezi 12,03 % (N7) az 22,11 % (N13).
Z hlediska poméru alfa a beta kyselin, I1ze konstatovat, Ze nizsi podil

ding hop gardens. Since 2014 we have selected twelve perspective
genotypes, which are now in registration trials. Breeding successful-
ness within the whole array amounts to mere 0.05%. Descriptions
of the plants were carried out on the base of hop classificatory (Rigr
a 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 hundredfold of variational coeffi-
cient) were used for the statistical evaluation.

Genotypes of dwarf hops in registration trials of Central Institu-
te for Supervising and Testing in Agriculture:

N2 — Registration number of HML27574 genotype, code 5095059,
number of the application P10112.

N3 — Registration number of HML27575 genotype, code 5095059,
number of the application P10113.

N5 — Registration number of HML25564 genotype, code 5093048,
number of the application B2785.

N7 — Registration number of HML25565 genotype, code 5093049,
number of the application B2786.

N8 — Registration number of HML25566 genotype, code 5093050,
number of the application B2787.

N10 — Registration number of HML25567 genotype, code 5093051,
number of the application B2788.

N11 — Registration number of HML27576 genotype, code 5095060,
number of the application P10114.

N12 — Registration number of HML27577 genotype, code 5095061,
number of the application P10115.

N13 — Registration number of HML27578 genotype, code 5095062,
number of the application P10116.

N33 — Registration number of HML25568 genotype, code 5093052,
number of the application B2769.

N35 — Registration number of HML27579 genotype, code 5095063,
number of the applicationP10117.

PG1428 — Registration number of HML25569 genotype, code
5093053, number of the application 2790.

Perspective genotypes were planted in two hop gardens at the
farm in Steknik, which belongs to Hop Research Institute, Co., Ltd. in
Zatec (Saaz). The assessments of these genotypes were carried out
since 2009 to 2015. The harvest was done by hand. Yield of fresh
hops was conversed per one hectare with the help of a coefficient,
which was determined as “four” (average value of harvested sam-
ples). Evaluation of hop aroma was done by thirty-nine assessors.
Genotypes were filed into groups according to characters of aroma
(citrusy, floral, fruity, grassy, spicy, woody).

3 RESULTS AND DISCUSSION

It is obvious from Fig. 1 that contents of alpha acids are in the
range from 2.87% w/w (N7) to 8.85% w/w (N11). Only three geno-
types (N11, N12 and N13) have the contents higher than 7.0% w/w.
On the contrary, the lowest alpha acid contents show genotypes N5,
N7 and N10. If we take into consideration contents of alpha acids we
can say they are very similar to Czech traditional hop varieties. Ge-
notypes N5, N7, N8, N10, N33, N35 a PG1428 are comparable with
Saazer and Saaz Late, whereas genotypes N2 and N3 are similar to
Sladek, Kazbek or Bohemie. Genotypes with the highest contents of
alpha acids are comparable with Harmonie and Premiant.

Average contents and composition of hop resins, including per-
centage of variability with the help of coefficient of variance (CV) are
shown in Table 1. Only genotypes N5, N7, N11 and N12 have CV
lower than 20.0%. On the contrary, the highest variability shows N8
genotype (33.3%). Lower variability in beta acids than 20.0% have
four genotypes (N5, N7, N11 and N13). Even though N11 genotype
shows the highest content of beta acids (4.68% w/w), the lowest ratio
of alpha/beta has N2 genotype (1.55). On the contrary, the highest
ratio of alpha/beta acids was found out in N10 genotype (2.09). Vari-
ability of this ratio moves since 12.3 (N7) till 22.11 (N13). From alpha/
beta ratio point of view we can conclude that beta acids were influ-
enced by the male parental plant of the English origin. The lowest
ratio of cohumulone and colupulone shows N10 genotype (15.36%;
resp. 29.61% rel.). On the contrary the highest of both cohumulone
(> 30% rel.) and colupulone ratios (> 50% rel.) have genotypes N11,
N12 and N13. We can conclude that variability in cohumulone and
colupulone ratios is lower than in the alpha and beta bitter acids
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dil kohumulonu a kolupulonu ma genotyp N10 a to 15,36 % rel. resp.
29,61 % rel. Naopak nejvyssi podil kohumulonu (nad hranici 30 %
rel.) i kolupulonu (nad hranici 50 % rel.) maji genotypy N11, N12
a N13. Z celkového pohledu Ize konstatovat, Zze variabilita podilu
kohumulonu a kolupulonu je nizsi nez u obsahu alfa a beta kyselin.

Obr. 1 Obsah alfa a beta kyselin u perspek-
tivnich genotyp( na nizkou konstrukci (Stek-
nik, 2009-2015) / Fig. 1 Contents of alpha
bitter acids in perspective dwarf genotypes
(Steknik, 2009-2015)

contents. The results confirm that this cha-
racteristic is less influenced by weather and
environment conditions.

Average contents and composition of hop
essential oils are shown in Table 2. The lo-
west contents was found in N5 genotype
(0.27% w/w), whereas the highest one in
N8 genotype (1.01% w/w). It is obvious that
dwarf genotypes show the ration of essential
oils at the level of Czech fine aroma hops
(Saazer and Saaz Late), which commonly
have the contents of essential oils between
0.4 and 1.0% w/w. (Nesvadba et al., 2013).
Nevertheless, the composition of essential

oils is very variable in these new genotypes. Czech varieties only
very rarely show the ration of myrcene lower than 20%. Genotypes
N5, N7, N10 and N35 have the ratio of myrcene lower than 15% rel.
The ratios of caryophylene higher than 15% commonly have only
Sladek, Kazbek, Bor, Premiant and Agnus. The highest ratios of
this substance were found in N35 and N8 genotypes (21.56, resp.,

Tab. 1 Primérny obsah a slozeni chmelovych pryskyfic (Steknik, 2009-2015) / Table 1 Average contents and composition of hop resins
(Steknik, 2009-2015)

Pomeér alfa/
Pt Alfa kys. (% Beta kys. (% Kohumulon Kolupulon
gz:gtti,/g é Sst;t ;'S;;l‘;g SZ;::::; rl hm.) / Alpha hm.) / Beta %Zt;; Cohumulone Colupulone
H 0, H 0, 0, (-)
acids (% w/w) | acids (% w/w) alpha/beta (% rel.) (% rel.)

N2 Pramér / Average 6.20 4.00 1.55 24.88 46.78
Variaéni Koeficient (%)

CV (%) 25.63 24.97 13.42 6.19 3.10

N3 Primér / Average 6.75 3.75 1.82 23.18 44.08
Variaéni Koeficient (%)

CV (%) 30.85 31.44 19.96 12.69 6.32

N5 Primér / Average 3.12 1.94 1.64 25.29 43.03
Varia¢ni Koeficient (%)

CV (%) 14.00 18.20 12.37 15.48 10.80

N7 Primér / Average 2.87 1.80 1.61 25.95 44.48
Variaéni Koeficient (%)

CV (%) 17.12 19.34 12.03 10.17 7.42

N8 Primér / Average 5.33 3.67 1.47 19.53 40.88
Variaéni Koeficient (%)

CV (%) 33.30 29.66 20.42 9.44 11.20

N10 Primér / Average 3.17 1.59 2.09 15.36 29.61
Varia¢ni Koeficient (%)

CV (%) 22.00 32.60 19.26 5.83 5.82

N11 Primér / Average 8.85 4.68 1.91 30.30 55.11
Varia¢ni Koeficient (%)

CV (%) 15.40 15.86 12.28 10.41 8.33

N12 Primér / Average 7.71 3.69 2.14 31.30 54.89
Variaéni Koeficient (%)

CV (%) 13.35 22.78 14.91 11.94 8.05

N13 Primér / Average 7.25 3.83 1.91 32.75 56.94
Variaéni Koeficient (%)

CV (%) 20.05 13.78 2211 11.38 7.86

N33 Primér / Average 5.59 2.85 2.03 26.19 48.90
Varia¢ni Koeficient (%)

CV (%) 24.57 33.71 19.59 18.13 12.25

N35 Primér / Average 4.25 2.29 1.91 23.97 44.08
Variaéni Koeficient (%)

CV (%) 23.74 26.84 14.83 5.29 4.08

PG 1428 Pramér / Average 4.03 2.31 1.78 20.37 40.77
Varia¢ni Koeficient (%)

CV (%) 21.90 26.74 14.67 3.45 5.55
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Tab. 2 Primérny obsah a slozeni chmelovych silic (Steknik, 2009-2015) / Table 2 Average content and composition of hop essential oils

(Steknik, 2009-2015)

Obsah Karyofylen Farnesen Humulen Selinen

Genotyp = Myrcen .
GenotyPe | contents (50 wa)| MYreene Cerel) | CHR e |ty | (Garely arel)
N2 0.92 20.23 5.23 2.06 1.75 25.44
N3 0.87 23.14 10.23 0.22 25.68 17.07
N5 0.27 14.17 5.52 5.61 4.91 33.01
N7 0.32 14.29 9.24 2.33 15.21 20.01
N8 1.01 28.10 18.30 0.35 21.52 4.34
N10 0.52 11.73 5.24 5.19 2.00 26.85
N11 0.62 25.87 5.86 24.51 13.83 6.82
N12 0.71 24.77 7.32 18.40 18.33 7.75
N13 0.47 29.90 5.90 15.58 14.71 7.32
N33 0.81 25.78 8.69 0.91 15.28 17.56
N35 0.52 14.09 21.56 2.46 26.17 6.43
PG 1428 0.34 17.84 9.43 4.66 24.86 15.92

Tyto vysledky poukazuji na to, Ze tento znak je méné ovlivnén rocni-
kem i prostredim péstovani.

V tab. 2 jsou uvedeny primérné obsahy a slozeni chmelovych si-
obsah silic vykazuje N8 (1,01 % hm.). Jak je patrné, genotypy na
nizké konstrukce vykazuji podil silic na urovni ¢eskych jemné aroma-
tickych odrtid Zatecky polorany &erveridk a Saaz Late, které vykazuii
obsah silic 0,4-1,0 % hm. (Nesvadba a kol., 2013). U sledovanych
genotyp( je velmi variabilni slozeni silic. Ceské odrldy jen vyjimeg-
né vykazuji podil myrcenu pod 20 %. Genotypy N5, N7, N10 a N35
maji praimérny podil myrcenu pod hranici 15 % rel. Podil karyofylenu
nad 15 % rel. vykazuji pouze odriidy Sladek, Kazbek, Bor, Premi-
ant a Agnus. Nejvy$si primérny podil karyofylenu vykazuji genotypy
N35 a N8 a to 21,56 % rel. resp. 18,30 % rel. Z ¢eskych odrid vyka-
zuji farnesen pouze ZPC a Saaz Late. V obr. 2 je uvedeno slozeni
chmelovych silic genotyp N11, N12 a N13, které vykazuji nejvy$si
podil farnesenu v porovnani s ZPC a Saaz Late. Podil humulenu pod
hranici 5 % rel. vykazuji genotypy N2, N5 a N10. Takto nizky podil
humulenu vykazuje pouze jedna ¢eska odrida Vital. Podil selinen(
pod hranici 10 % rel. maji genotypy N8, N11, N12, N13 a N35.Vyssi
podil selinent vykazuji z ¢eskych odrid pouze Bohemie, Harmonie,
Rubin a Vital, které pfekracuji max. hranici 20 % rel. Velmi vysoky
prdmérny podil selinent vykazuji genotypy N2, N5 a N10, ktery je
nad hranici 25 % rel.

V poloprovoznich pokusech se provadély vynosové zkousky, jak
bylo uvedeno v metodice. Z obr. 3 je zfejmé, Ze nejvySsi vynos ma
genotyp N8 (1,9 t/ha). Vysoky vynos vykazuji téz genotypy N10
a N11. Naopak nejnizsi vynos vykazuje genotyp N33 (0,56 t/ha).
Tento genotyp ma negativni vlastnost, Ze po 3. roce péstovani nasa-
zuje chmelové hlavky pouze ve vy$Sich patrech rostliny. Z celkového
pohledu Ize konstatovat, Ze fada genotypl vykazuje pozadovanou
hranici 1 t/ha. Vzhledem k tomu, Ze vysledky jsou pouze ze stanovi-
8té Steknik, jsou dosazené vysledky dil¢iho
charakteru. a5

18.3% rel.). Comparison of Saazer and Saaz Late with the new dwarf
genotypes showing the highest contents of pharnesene is obvious
from Figure 2. Ratios of humulene under the level of 4% rel. were
found in N2, N5 and N10 genotypes. Such a low content of humule-
ne is typical just for the only Czech variety, Vital. Ratios of selinene
lower than 10% rel. have genotypes N8, N11, N12, N13 and N35.
Higher ratios of this substance show Bohemie, Harmonie, Rubin and
Vital, which normally exceed the level of 20% rel. Very high ratios
of selinene were determined in N2, N5 and N10 dwarf genotypes (>
25% rel.).

Yield was also evaluated in pilot trials, as it has already been men-
tioned. As it is evident from Figure 3, the highest yield was found out
in N8 genotype (1.9 t/ha). Good yields were obtained also if N10 and
N11 genotypes were harvested. On the contrary, the lowest yield
was in N33 genotype (0.56 t/ha). Another lack of this genotype con-
sists in too high growth of fertile laterals, which is obvious when the
hop crowns get older than three years. It is possible to conclude that
many tested genotypes have yield higher than 1.0 t/ha. Neverthele-
ss, it is important to realize that the results are just from on locality.

Individual types of hop aroma in dry hops were assessed (Table 3).
Saazer (45 points) and Kazbek (39 points) were used as standards
(fine-aroma, resp. citrusy). The best fine-aroma was found out in N5
genotype (33 points), whereas N13 and N7 genotypes are above the
level of 25 points. Unfortunately, no genotype reaches good citrusy
flavor. The best from this point of view was N12 genotype (11 points).
Nevertheless, other flavors exceed distinctively the reference vari-
eties. Floral flavor was the most intensive in N11, N33, N3, N8 and
N12 genotypes. Full of fruity flavor is N8 genotype, whereas N5 and
PG1428 genotypes have the most intensive grassy aroma. Other
three genotypes (N10, N13 and N35) reached identically 10 points
if this flavor was evaluated. Very interesting is genotype N2, which
showed 22 points if spicy aroma was assessed. Good spicy aromas

V réamci hodnoceni viiné chmele se rozli-
Sovaly jednotlivé druhy vini u suchych vzor-

kG chmele (tab. 3). Kontrolni odrddy jsou
Zatecky polorany Cervenak, jako standard

chmelové viné (45 bodu) a Kazbek, ktery a5
vykazuje nejvy$Si hodnoceni z pohledu citru-
sové vuné (39 bodu). NejvySe hodnocenou
chmelovou vini ma N5 (33 bodu) a nad hra- E: 20 -
nici 25 bodl chmelové viné jsou genotypy #
N13 a N7. Zadny genotyp nedosahuje vyso- 16 -
ké hodnoceni citrusové viné, nejvyssi hod-
noceni ma genotyp N12 a to pouze 11 bodu. 10 —
5 -
L

Obr. 2 Genotypy s podilem farnesenu v po-
rovnani s odrlidami ZPC a Saaz Late (Stek-
nik, 2009-2015) / Fig. 2 New perspective
dwarf genotypes in comparison with Saazer
and Saaz Late (Steknik, 2009-2015)

K11

Saaz Lale

N2 2pe

COznafeni genotypu § Genolype

Oltyrcen BEaryofylen mFamessen SHumuien BSelineny
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Obr. 3 Vynos suchého chmele u perspektiv-
nich genotypl na nizkou konstrukci (Stek-
nik, 2009—2015) / Fig. 3 Yield of dry hops 2
in perspective dwarf genotypes (Steknik,

2009-2015)

Dalsi viné vyrazné prevySuji standardni 1

1.8
16

14

=

uvedené odridy. Nejvy$si bodové hodnoce-
ni kvétinové viné maji genotypy N11, N33,

N3, N8 a N12. NejvyraznéjSi ovocnou vlni

]

o

ma genotyp N8. Nejvyssi hodnoceni travo-
vité viné maji genotypy N5 a PG1428, dalsi @6
3 genotypy vykazuji shodné 10 bodl (N10,

t/ha

N13 a N35). Velmi zajimavy je genotyp N2, T4 ———H— 8 N N 1
kteﬂ YykaZLche. 22 bOdl?I’ korenité vané. Vyssi -
kofenitou vini vykazuji genotypy N10, N12
a N8. Drevita viiné je pouze u genotypu N35, g M N m N W = = = = = =
i kdyZ v nizsi intenzité. M2 e M5 MY N 3 M3 M35 PG 428
Tab. 3 Hodnoceni viingé chmelovych hlavek (Zatec, 2015) / Table 3 Assessment of hop flavor (Zatec, 2015)
Genotyp Chmelova Citrusova Kvétinova Ovocna Trava Kofenita Drevo
Genotype Hoppy Citrusy Florel Fruity Grassy Spicy Woody
N2 14 8 1 6 4 22 4
N3 13 9 12 10 7 8 2
N5 33 4 8 1 15 3 3
N7 26 7 3 0 8 6 1
N8 12 9 11 12 7 13 1
N10 17 4 9 5 10 15 2
N11 17 6 17 3 5 7 1
N12 18 11 11 5 1 14 4
N13 27 5 7 4 10 6 2
N33 21 5 13 5 6 7 4
N35 7 4 3 8 10 9 7
PG 1428 17 4 7 5 13 8 3
Kazbek 16 39 4 6 1 8 0
ZPC / Saazer 45 1 1 1 2 4 3

Na obr. 4 a 5 jsou uvedeny 4 genotypy s odliSnym charakterem
chmelovych hlavek. Genotyp N2 ma nejvyssi podil kofenité viné.
Genotyp N11 ma nejvyssi kvétinovou vini. Genotyp N5 vykazuje vy-
soky podil chmelové a travovité viné. Velmi zajimavy je genotyp N8,
ktery vykazuje vysokou ovocnou viini a sou¢asné vyssi hodnoceni
kvétinové a kofenité viné. Lze konstatovat, Ze se jedna o genotyp
s vysokym podilem tfi vani.

N2 =---=NII

Chmelova [ Hopow

0
DHevion | ,,a":ﬁ T Citrngova / Citrusy
Woody | e
r' ' " !
[T Vo
! f' T [y | i
[ i H 1 [ 1
f { A~ 3 |
{4 S
. ) ; ] e — P
Kofenita / kY N ff bovétinova ¢ Flower
o N NS
I
L s

Trava / Gragsy Crvoena / Frily

Obr. 4 Charakter viiné u genotypd N2 a N11 (Zatec, 2015) / Fig. 4
Character of aroma in N2 and N11 genotypes (Zatec, 2015)

have also N10, N12 and N8 genotypes. Woody flavor was found out
just in N35 genotype even though in a lower intensity.

Four genotypes with different character of hop cones are in Fig. 4
and 5. Genotype N, has the highest ratio of spicy aroma; genotype
N11 has the most intensive floral flavor and genotype N5 shows high
ratio of hoppy and grassy aromas. Very interesting is genotype N8
with intensive fruity and good floral and spicy flavors, it means a gen-
otype with high ratio of three flavors.

N3 --- N8
Chmelova ! Soppy

Dievo /- g
Hoody

LN
NN

Kofenitd / Fovdtinova ! Flower

Spicy ",

Trava ! CGrassy Cryocmdl / Frudiy

Obr. 5 Charakter viné u genotypd N5 a N8 gZatec, 2015) / Fig.5
Character of aroma in N5 and N8 genotypes (Zatec, 2015)
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4 ZAVER

Zasluhou mezinarodnich projektl se z pavodniho poctu 22 327
rostlin pihlasilo do registraénich zkousek UKZUZ 12 nad&jnych ge-
notypd, z nichz 5 vykazuje vysokou perspektivu a dal$i 4 jsou svymi
znaky téz zajimavé. Dosazené vysledky poukazuji na vzajemnou
variabilitu v kvantitativnich i kvalitativnich znacich. Tyto vysledky po-
tvrzuji, ze do registracnich zkousek nebyly pfihlaseny shodné geno-
typy. Naopak jsou registrovany genotypy, které maji charakter chme-
10 jemnych aromatickych, aromatickych nebo se specifickou vani.
Velmi perspektivnich je nékolik genotypl. Nejvykonnéjsi genotypy
jsou N11 a N12. Velmi zajimavy je genotyp N8, ktery vykazuje nej-
vys$s§i vynos chmele. Z pohledu jemnych aromatickych chmeld, které
vykazuji obsah alfa kyselin 3—4 % hm., jsou velmi zajimavé genotypy
N5 a N10. Genotyp N2 vykazuje vykonnost nad 1t/ha a je zajimavy
vysokou kofenitou vini. Tyto genotypy jsou namnozeny a budou vy-
sazeny do provoznich podminek, aby se stanovila péstitelska renta-
bilita. Ze ziskaného chmele se budou provadét varné zkousky, aby
mohly byt uplatnény i v pivovarské praxi.
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4 CONCLUSION

Thanks to EUREKA project we have been able to select from the
original 22,327 genotypes twelve the most promising ones, which are
now in registration trials supervised by Central Institute for Supervis-
ing and Testing in Agriculture. Five of them shows high perspective
and other four genotypes are interesting because of their specific
features. The results from twelve perspective genotypes show good
variability in qualitative and quantitative characteristics, which is the
aim of the breeding process aimed at dwarf hops as we need to
register both fine aroma and flavor hops. The most productive are
genotypes N11 and N12. Very interesting is genotype N8 because of
its highest yield of hops. Very similar to fine aroma Czech hops are
genotypes N5 and N10 with the contents of alpha acids at the level of
3-4% w/w. Nevertheless, there are also some other good genotype
N12 has yield higher than 1.0 t/ha and is interesting because of its
spicy flavor. These genotypes have been propagated and they will
be planted in commercial hop gardens to find out their growing prof-
itability. Brewing tests will be carried out from harvested hops so as
to find utilization of these genotypes in breweries.
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