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Abstract

The present study evaluated the agronomic and malting
quality of 18 selected winter barley varieties. The vari-
eties were obtained from the Gene Bank of the Crop
Research Institute in Prague-Ruzyné. The varieties were
tested under field conditions in three-year trials of basic
evaluation. After the harvest, grain was malted and malt-
ing quality was determined according to international
methods (EBC and MEBAK). The highest extract con-
tent was found in the Atlantick variety (80.6%). Proteo-
lytic modification of the varieties Absolut, KWS Ariane
and the line QK19/08030A_18 was at an optimal level.
The value of diastatic power was high in all varieties,
which is typical for winter barley varieties, similarly as
low levels of cell wall degradation (friability) and high
B-glucan content of the sweet wort. The lowest B-glu-
can content in the sweet wort was recorded in the two-
row winter barley variety KWS Ariane (241 mg/1). Of the
six-row varieties, the line QK19/08030A_18 had the
lowest B-glucan content of the sweet wort (382 mg/I).

Keywords: Hordeum vulgare L.; winter barley; genetic
resources; malting quality; biological traits; agronomic
traits

Abstrakt

V predloZzené studii byla hodnocena hospodarska
a sladovnickd kvalita 18 vybranych odrid ozimého
je¢mene. Odridy pochazi z Genové banky Vyzkumného
Ustavu rostlinné vyroby v Praze - Ruzyni. Odrldy byly
testovany v polnich podminkach ve tfiletych Skolkach
zakladniho hodnoceni. Po sklizni zrna bylo provedeno
sladovani a podle mezinarodnich metodik (EBC a ME-
BAK) byla stanovena sladovnicka kvalita. Nejvyssi ob-
sah extraktu méla odriida Atlantick (80,6 %). Odrady
Absolut, KWS Ariane a linie QK19/08030A_18 mély
proteolytické rozlusténi na optimalni Urovni. Hodno-
ty diastatické mohutnosti byly u vSech odrtd vysoké,
coz je pro odriady ozimého jeCmene typické stejné
jako nizka Uroven degradace bunécénych stén (friabili-
sah B-glukant ve sladiné vykazala dvouradad odrtda
ozimého je¢cmene KWS Ariane (241 mg/l). Z vicefadych

QK19/08030A_18 (382 mg/I).

Klicova slova: Hordeum vulgare L.; ozimy jecmen;
genetické zdroje; sladovnicka jakost; biologické znaky;
hospodarské znaky
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1 Introduction

Global climate change is expected to be accompanied
by further increases in temperatures and changes in the
distribution and intensity of precipitation (Dawson et
al,, 2015; Gammans et al,, 2017). Global warming poses
a serious threat to barley production (Giraldo et al.,, 2019;
Bindereif et al,, 2021). In extremely dry years, the yield
and grain quality of spring barley are severely compro-
mised as the increase in temperature reduces grain yield
due to a shortened grain filling phase (Paynter and Young,
2004; Cook et al,, 2013; Xie et al., 2018). Due to its devel-
opment in autumn, winter barley tolerates pre-summer
drought well and therefore can help significantly diversify
risk in areas of frequent spring drought (Heil et al., 2020).

The collection of genetic resources of winter barley
(Hordeum vulgare L.), which is maintained at the Gene Bank
in Prague - Ruzyné, is expanded with new accessions every
year. As of 31 October 2022, there are 2,259 winter barley
accessions in the regular collection of the National Program
of Plant Genetic Resources (NP PGR). Of this number, 1,785
accessions were six-row barley (79.0%) and 474 accessions
two-row barley varieties (21.0%). Bred varieties (advanced
cultivars) and genetic lines, represented mainly by breeding
materials, prevail in the winter barley collection. This collec-
tion includes material from a total of 51 countries in Europe,
North America, Africa, Asia and Australia. The most numer-
ous sub-collections are from former Czechoslovakia and the
Czech Republic (31%), Germany (17%), France (10%), the
former GDR (5%), the USA (5%), the former Soviet Union
(4%) and Hungary (3%). The collection also includes ge-
netic resources from Bulgaria, Romania, Austria, the Neth-
erlands, Great Britain, Ukraine, Poland, Belgium and other
countries. Passport data and fairly extensive descriptive
data are available for most of the accessions in the collec-
tion, these data are the result of a three-year evaluation of
morphological (9), biological (6) and agronomic (9) traits.
The winter barley collection currently contains 90 acces-
sions with declared malting quality or used abroad for malt
and beer production. Of this number, 40 varieties have been
bred in France in recent years, the vast majority of which
are six-row forms (Nesvadba et al., 2023).

The aim of this study was to evaluate the grain and
malt quality of selected winter barley genetic resources
from the 2019-2022 harvests and to assess their poten-
tial for use in breeding of malting varieties.

2 Materials and methods

Seeds of winter barley varieties with declared malting
quality and control varieties were obtained from foreign
breeding companies under the National Programme for
Conservation and Utilization of Plant Genetic Resources
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1 Uvod

Predpokladd se, Ze globdlni zména Kklimatu bude
provazena dal$im zvySenim teplot a zménami v rozlozZeni
a intenzité srazek (Dawson et al., 2015; Gammans et al.,
2017). Globalni oteplovani predstavuje vazné ohrozeni
produkce je¢mene (Giraldo et al.,, 2019; Bindereif et al,,
2021). V extrémné suchych letech jsou vynos a kvalita
zrna jarniho jeCmene vyrazné ohroZeny, protoze narist
teploty snizi vynos zrna z divodu zkraceni faze plnéni
zrna (Paynter and Young, 2004; Cook et al.,, 2013; Xie et
al,, 2018). Ozimy jecmen diky svému vyvoji na podzim
dobte snasi predletni sucho, a ma tudiz vyznamny po-
tencidl pro diverzifikaci rizika v oblastech ¢astého vysky-
tu jarniho sucha (Heil et al., 2020).

Kolekce genetickych zdroji je¢mene ozimého (Hor-
deum vulgare L.), ktera je vedena v Genové bance v Praze
- Ruzyni, je kazdoroc¢né rozsifovana o nové polozky.
K 31. fijnu 2022 bylo v kolekci evidovano 2259 polozek
ozimého jecmene. Z tohoto poctu bylo 1785 polozek
vicefadého jecmene (79,0 %) a 474 poloZek dvouradého
je¢mene (21,0 %). V kolekci ozimého je¢mene pievladaji
Slechténé odriidy (pokrocilé kultivary) a genetické linie,
reprezentované zejména Slechtitelskymi materidly. Tato
kolekce zahrnuje materidly z celkem 51 zemi Evropy,
Severni Ameriky, Afriky, Asie a Australie. Nejpocetnéjsi
jsou subkolekce z byvalého Ceskoslovenska, respek-
tive Ceské republiky (31 %), Némecka (17 %), Francie
(10 %), byvalé NDR (5 %), USA (5 %), zemi byvalého
Sovétského svazu (4 %) a Madarska (3 %). Kolekce ob-
sahuje také genetické zdroje z Bulharska, Rumunska,
Rakouska, Nizozemi, Velké Britanie, Ukrajiny, Polska,
Belgie a dalSich statt. U vétsiny polozek v kolekci jsou
k dispozici pasportni data a pomérné rozsahla popisna
data, ktera jsou vysledkem tfiletého hodnoceni mor-
fologickych (9), biologickych (6) a hospodarskych (9)
znakdl. V soucasné dobé je v kolekci ozimého je¢cmene 90
polozek s deklarovanou sladovnickou kvalitou nebo vy-
uzivanych v zahrani¢ni na produkci sladu a piva. Z tohoto
poctu bylo 40 odrtid vyslechténo v poslednich letech ve
Francii, z nichZ prevdZnou vétSinu predstavuji viceradé
formy (Nesvadba et al.,, 2023).

Cilem této studie bylo zhodnotit kvalitu zrna a sladu
u vybranych genetickych zdroji ozimého je¢mene ze
sklizni 2019-2022 a posoudit jejich potencial pro vyuziti
ve Slechténi sladovnickych odrtd.

2 Material a metody

Osivo odrid ozimého je¢mene s deklarovanou sladovnic-
kou kvalitou a kontrolnich odrid bylo ziskano od zahra-
ni¢nich Slechtitelskych firem v ramci Narodniho progra-

mu konzervace a vyuzivani genetickych zdroji rostlin
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and Agrobiodiversity (MZe, 2022). A set of 17 six-row and
1 two-row winter barley varieties was studied (Table 1).
The basic evaluation of these varieties was carried out af-
ter three-year (2019-2021) field trials, which took place
in Prague - Ruzyné [GPS: 50°5’11. 58N, 14°18°9.84 “E].
The varieties were cultivated on 4.5 m? plots in one rep-
lication with standard cultivation practices in basic in-
tensity (without fungicide and morphoregulators). The
pre-crop was pea. The seeding rate was 3.5 million ger-
minating grains per hectare. Sowing was carried out with
an Oyjord residue-free drill. The experimental site is clas-
sified as a beet production area, beet-wheat subtype, with
a soil type of degraded chernozem. The Prague-Ruzyné
area (340 m above sea level) has an average annual rain-
fall of 526 mm. The long-term average annual air temper-
ature is 7.9 °C.

Table 1

Tabulka 1

a agrobiodiverzity (MZe, 2022). Byl studovan soubor
17 Sestifadych a 1 dvouradé odrtidy ozimého je¢mene (Ta-
bulka 1). Zakladni hodnoceni uvedenych odrtid probéhlo
po triletych (2019-2021) polnich pokusech, které se usku-
tecnilyvPraze - Ruzyni [GPS:50°511.58N, 14°189.84 ,E].
Odriidy byly péstovany na parcelach o velikosti 4,5 m?
v jednom opakovani standardnimi péstebnimi postupy
v rezimu s nizkym uplatnénim intenzifikac¢nich zasaht
(bez pouziti fungicidi a morforegulatord). Piedplodi-
nou byl hrach. Vysevek byl 3,5 milionu kli¢ivych semen
na hektar. Vysev byl proveden bezezbytkovym secim
strojem Oyjord. Pokusna lokalita je zarazena do vyrobni
oblasti reparské, subtypu fepai'sko-pSeni¢ného, s ptidnim
typem degradovana cernozem. Oblast Praha - Ruzyné
(340 m n. m.) ma primérny ro¢ni dhrn srazek 526 mm.
Dlouhodoba priimérna ro¢ni teplota vzduchu je 7,9 °C.

Passport data of winter barley genetic resources with declared malting quality and control varieties.
CRI / VURV, v.v.i. Praha - Ruzyné, 2019-2021
Pasportni data genetickych zdroju ozimého jecmene s deklarovanou sladovnickou kvalitou a kontrolni odrtidy.
CRI / VURV, v.v.i. Praha - Ruzyne, 2019-2021

- QO (% (%]
3z 28 gL 5
83 s 2% i
5 £3 R =
v T 3
o
[
01C0502364 Absolut FRA ) KWS Momont SAS MH 09 AB 59 2017 (FRA) unknown / nezndmé
01C0502248 Atlantick FRA 6 RAGT S 34196 2011 (FRA) unknown / nezndmé
01C0502171 Citadel FRA 6 Secobra Recherches SC 3043 JH 22 2013 (FRA) unknown / nezndmé
01C0502172 Etincel FRA 6 Secobra Recherches SC12051H 23 2011 (FRA) unknown / nezndmé
01C0502362 Family FRA 6 KWS Momont SAS MH 09 FM 21 2017 (FRA) unknown / nezndmé
01C0502363 Fanion FRA 6 KWS Momont SAS MH 9 FM 91 2017 (FRA) unknown / nezndmé
01C0502281 Gambrinus FRA 6 KWS Momont SAS MH 08 KU 86 2016 (FRA, SVK) Gigga x Meridian
01C0502212 Gigga FRA 6 KWS Momont SAS MH 02 GG 78 2009 (ITA) unknown / nezndmé
01C0502173 Isocel FRA 6 Secobra Recherches SC 1905-2 2011 (FRA) unknown / nezndmé
01C0502185 KWS Ariane DEU 2 KWS Lochow GmbH KW 2-822 2012 (DEU) Wintmalt x Malwinta
01C0502359 KWS Borrelly FRA 6 KWS Momont SAS MH 10 BJ 33 2018 (FRA) unknown / nezndmé
01C0502360 KWS Estaminet FRA 6 KWS Momont SAS MH 10 DH 27 2017 (FRA) unknown / nezndmé
01C0502361 KWS Faro FRA 6 KWS Momont SAS MH 10 BG 47 2017 (ITA) Henriette x Cargo
2015 .
01C0502208 KWS Kosmos (C) | DEU 6 KWS Lochow GmbH KW 6-130 (CZE. DEU, FRA, POL) unknown / nezndmé
01C0502330 Laurin (C) DEU 6 Nordsaat Saatzucht GmbH | NORD 11002/8 2019 (CZE) unknown / nezndmé
01C0502397 LG Zoro (C) FRA 6 Limagrain Europe LGBB 15W 003 2019 (CZE) unknown / nezndmé
01C0502407 | QK19/08030A 18 | CZE | 6 Vyzkumné centrum Azurel x SG-L 5003/06
Selton, s.r.o.
01C0502314 Visuel FRA 6 Secobra Recherches SC 9433 OH 2017 (FRA) unknown / nezndmé
Explanatory notes: CRI - Crop Research Institute; ECN - national accession number; C - control variety;
CZE - Czech Rppublic; DEU - Germany; FRA - France; ITA - Italy; POL - Poland; SVK - Slovakia
Vysvétlivky: VURV - Vyzkumny Ustav rostlinné vyroby; ECN - narodni evidenéni Cislo; C - kontrolni odrda
CZE - Ceska republika; DEU - Némecko; FRA - Francie; ITA - Italie; POL - Polsko; SVK - Slovensko
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During the vegetation period, the assessment of mor-
phological, biological and agronomic traits was carried out
according to the valid classifier for the genus Hordeum L.
(LekesS at al., 1986). The level of expression of each trait
was evaluated on a scale of 1-9, where 1 is the lowest and
9 the highest level of the trait, expressing the average value
of the trait in a multi-year evaluation. Harvesting was car-
ried out with a Wintersteiger small-plot combine harvest-
er, yield was converted to t/ha and 15% moisture content.
The harvested grain was cleaned on a laboratory thresher,
the weight of one thousand grains was determined and
the nitrogen substances content and starch content were
assessed using the NIR method. For malting purposes,
grain harvested in Luzany (SELTON Research Centre) and
Zabtice (Mendel University Brno) from the crops of 2019-
2022 was used. The varieties were grown according to the
Methodology of utility value tests (Dvorackova, 2019).

The grain samples (0.5 kg) were malted in the micro
malting plant of KVM (Czech Republic). Steeping was car-
ried out in the steeping box for 72 hours, with alternating
steeping and air rests. The temperature of the water and
air was maintained at 14.0 °C. On the first day, steeping
lasted 5 hours and the air rest 19 hours, on the second day,
steeping lasted 4 hours followed by a 20-hour air rest. On
the third day, the water content of the germinating grains
was adjusted to 45% by steeping or spraying. Germination
took place in the germination box. The temperature was
maintained at 14.0 °C during germination. The total germi-
nation time was 72 hours. Kilning was carried out in a one-
floor electrically heated kiln and the total kilning time was
22 hours. The pre-drying phase lasted 12 hours at 55 °C.
During the temperature increase phase, the temperature
was gradually increased over a period of 6 hours to 75 °C.
The curing phase lasted 4 hours at 80 °C. Malt quality was
determined according to the methods described in ME-
BAK (2011) and EBC Analysis Committee (2010).

3 Results and discussion

The basic activities when working with plant genetic re-
sources include their collecting, propagation, documenta-
tion of passport data, evaluation, long-term conservation
and sustainable utilisation of genetic resources. The pri-
mary objective of the evaluation is to obtain information
on genetic, biological, agronomic and economic traits that
are relevant for users of genetic resources and for effective
development and management of collections. Characteri-
sation of genetic resources is an important part of the eval-
uation of collections. The aim is to identify them by mor-
phological or other traits, and especially by using genetic
markers. In addition, in the case of DNA markers, the ge-
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V priibéhu vegetace byla provadéna hodnoceni
morfologickych, biologickych a hospodarskych znaki
podle platného Klasifikatoru pro genus Hordeum L.
(Lekes at al., 1986). Uroveii projevu jednotlivych znakii
nejvyssi uroven daného znaku, vyjadiujici primérnou
hodnotu znaku ve viceletém hodnoceni. Sklizenl byla
provedena maloparcelnim kombajnem Wintersteiger,
vynos byl prepocten na t/ha a 15 % vlhkost. Sklizené
zrno bylo preciSténo na laboratorni mlatic¢ce, byla
stanovena hmotnost tisice zrn a metodou NIR byl sta-
noven obsah N-latek a Skrobu. Pro potreby sladovani
bylo pouzito zrno sklizené v lokalité Luzany (Vyz-
kumné centrum SELTON, s.r.0.) a Zab¢ice (Mendelova
univerzita Brno) z ro¢nikd 2019-2022. Odridy byly
péstovany podle Metodiky zkouSek uzitné hodnoty
(Dvorackova, 2019).

Vzorky zrna (0,5 kg) byly sladovany v mikro-
sladovné spole¢nosti KVM (Ceska republika). Maéeni
probihalo v méacirné po dobu 72 hodin, piicemzZ se
stfidaly namacky a vzdu$né prestavky. Teplota vody
a vzduchu byla udrzovéana na 14,0 °C. Prvni den trvala
namacka 5 hodin a vzdusna prestavka 19 hodin, druhy
den trvala namacka 4 hodiny a po ni nasledovala 20ti
hodinova vzdusna prestavka. Treti den byl obsah vody
v kli¢icich zrnech upraven na 45 % namocenim nebo
postrikem. Kliceni probihalo v Kkli¢irné. B€hem KliCeni
byla udrZovana teplota 14,0 °C. Celkova doba kliceni
byla 72 hodin. Hvozdéni probihalo v jednoliskovém
elektricky vytapéném hvozdu a celkova doba hvozdéni
byla 22 hodin. Faze predsouseni trvala 12 hodin pri
55 °C. Béhem faze zvySovani teploty se teplota postupné
zvySovala po dobu 6 hodin az na 75 °C. Faze dotahovani
probihala 4 hodiny pii 80 °C. Kvalita sladu byla stano-
vena podle metod popsanych v MEBAK (2011) and EBC
Analysis Committee (2010).

3 Vysledky a diskuze

K zakladnim c¢innostem pii praci s genetickymi zdro-
ji rostlin patfi jejich ziskavani, mnoZzeni, dokumentace
pasportnich dat a hodnoceni. Zakladnim cilem hodno-
ceni je ziskani informaci o genetickych, biologickych,
agronomickych a hospodarskych znacich, které jsou
vyznamné pro uzivatele genetickych zdroji a pro efek-
tivni tvorbu a management kolekci. Vyznamnou soucasti
hodnoceni kolekci je charakterizace genetickych zdro-
ji. Cilem je jejich identifikace pomoci morfologickych
¢i jinych znaki, zejména pak vyuzitim genetickych
markert. V ptripadé DNA markert lze navic posuzovat

genetickou odliSnost mezi jednotlivymi polozkami a ge-
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netic dissimilarity between the individual accessions and
genetic diversity in the collection can be assessed. This can
be used for selecting new genotypes for the collection, rec-
ommending them for hybridization programs, and, where
appropriate, identifying some genotypes in the collection
with user-relevant traits (Holubec et al., 2015).

All the varieties passed tests for winterhardiness with-
out problems in all the years under study, only the French
variety Gigga was rated as medium resistant with a score
of 7 (Table 2). In terms of the length of the growing
period from 1 January to heading, the early genotypes
include Etincel, Isocel, Gigga, Atlantick and Citadel (134
to 139 days from 1 January). Late varieties are LG Zoro,
QK19/08030A_18, Absolut, KWS Estaminet and Laurin,
they headed 13 to 18 days later than the earliest varieties.

Table 2

netickou diverzitu v kolekci. Toho je mozné vyuzit pri
vybéru novych genotypt do kolekce, jejich doporucovani
do hybridiza¢nich programt a poptipadé k identifikaci
nékterych genotypt v kolekei s uzivatelsky vyznamnymi
znaky (Holubec et al., 2015).

VSechny testované odriidy ve vsSech sledovanych
letech bez problému prezimovaly, pouze francouzska
odriida Gigga byla hodnocena stupném 7 jako stfedné
odolna (Tabulka 2). Z hlediska délky vegetac¢ni doby
od 1. ledna do metani lze mezi rané genotypy zaradit
odrudy Etincel, Isocel, Gigga, Atlantick a Citadel (134
az 139 dnt od 1. ledna). K pozdnim odridam patfrily
LG Zoro, QK19/08030A_18, Absolut, KWS Estaminet
a Laurin, které metaly o 13 az 18 dni pozdéji nez nej-
ranéjsi odridy.

Evaluation of the selected morphological and biological traits of winter barley genetic resources

Tabulka 2 Hodnoceni vybranych morfologickych a biologickych znakd genetickych zdroji ozimého jecmene.

CRI / VURV, v.v.i. Praha - Ruzyne, 2019-2021

Date of heading
PIna zralost

Datum metani
Date of full ripening

wn
-
c
._gm
=
£ £
N
29
.éo.

Powdery mildew
Padli jecmene
Leaf spot complex
Komplex list. skvrnitosti
Scald of barley
Spala jeCcmene
Plant height
Délka rostlin
Lodging
Poléhani

days from 1/1 | days from 1/1

dnyod 1.1. dnyod 1.1.
Absolut 9 148 190 7 9 8 86 6
Atlantick 8 138 174 5 7 9 80 7
Citadel 9 139 181 8 8 8 87 7
Etincel 9 134 180 8 9 7 91 8
Family 9 144 188 7 7 7 85 6
Fanion 9 146 190 8 7 7 78 6
Gambrinus 8 143 186 6 7 9 86 6
Gigga 7 138 174 7 9 9 90 8
Isocel 9 136 181 8 9 9 91 8
KWS Ariane 9 143 184 9 9 9 82 9
KWS Borrelly 9 144 189 7 7 9 79 6
KWS Estaminet 9 151 192 7 8 7 86 7
KWS Faro 9 143 189 6 9 6 79 6
KWS Kosmos (C) 9 142 182 7 9 9 82 7
Laurin (C) 9 152 191 7 8 9 101 9
LG Zoro (C) 9 147 186 9 9 9 92 7
QK19/08030A_18 9 148 187 7 9 9 87 6
Visuel 9 145 188 8 8 7 86 7
Average of trial 9 152 196 8 9 9 86 7
Average of controls 9 147 186 8 9 9 93 8
Explanatory notes / Vysvétlivky:
CRI - Crop Research Institute
VURYV - Vyzkumny Ustav rostlinné vyroby
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A statistically significant positive correlation was cal-
culated between the growing period from 1 January to
heading and the trait 1000-grain weight (r=0.49*) and ni-
trogen substances content (r=0.51%*). A highly statistically
significant negative correlation (r=-0.70**) was found be-
tween the heading period and starch content (Table 3).

Table 3

Statisticky prikazna kladna korelace byla vypoctena
mezi vegeta¢ni dobou od 1. ledna do metani a znakem
hmotnost 1000 zrn (r=0,49*) a obsahem dusikatych latek
(r=0,51*). Viysoce statisticky priikazna negativni korelace
(r=-0,70**) byla zjiSténa mezi dobou metani a obsahem
skrobu (Tabulka 3).

Correlation coefficients between selected morphological, biological and agronomic traits

Tabulka 3 Korelacni koeficienty mezi vybranymi morfologickymi, biologickymi a hospoddrskymi znaky.

CRI / VURV, v.v.i. Praha - Ruzyne, 2019-2021

DH PH NFT L PM LSC SB GY TGW P S
VDM DR PPO P PT KLS SJ \%74 HTZ NL S
days pcs /1 m?
cm 9-1 9-1 9-1 9-1 t/ha g % %
dny ks / 1 m?
DH | VDM
PH DR -0.12
NFT | PPO 0.06 -0.54
L P -0.22 0.60 -0.08
PM PT 0.01 0.28 0.23 0.34
LSC | KLS -0.14 0.35 -0.10 0.34 0.31
SB SJ -0.06 0.28 -0.03 0.40 0.08 0.17
GY \74 -0.14 -0.02 -0.54 0.14 0.69 0.22 -0.10
TGW | HTZ 0.49 0.26 0.30 0.20 0.46 0.11 0.26 0.50
P NL 0.51 -0.10 -0.11 -0.34 -0.64 -0.13 0.08 -0.83 -0.14
S S -0.70 -0.03 0.23 0.47 0.34 0.15 -0.02 0.51 -0.07 -0.76
P - value / hodnota P =0.05; P=0.01
Explanatory notes:
CRI - Crop Research Institute; DH - date of heading from 1/1 ; PH - plant height;
NFT - number of fertile tillers; L - lodging; PM - powdery mildew of barley; LSC - leaf spot complex; SB - scald of barley;
GY - grain yield; TGW - thousand grain weight; P - nitrogen substances content in barley grain; S - starch content
Vysvétlivky:
VURYV - Vyzkumny ustav rostlinné vyroby; VDM - vegetacni doba od 1/1 do metdni;
DR - délka rostlin; PPO - pocet plodnych odnozi; P - poléhani; PT - padli je¢cmene; KI:S - komplex listovych skvrnitosti;
SJ - spala jemene; VZ - vynos zrna; HTZ - hmotnost 1000 zrn; NL - dusikaté latky; S - skrob

Another important characteristic was the health
status of the selected genotypes. Leaf diseases affect yield,
sieving fractions, and also nitrogen substances content.
The varieties LG Zoro, KWS Ariane, Fanion, Visuel, Citadel,
Etincel and Isocel showed resistance to powdery mildew
of barley (Blumeria graminis), with a score of 9-8. The
variety Atlantick was rated as less resistant with a score of
5. A statistically highly significant positive correlation was
found between resistance to powdery mildew and grain
yield (r=0.69**). A statistically highly significant negative
correlation was found between resistance to powdery
mildew and nitrogen substances content (r=-0.64**). Most of
the studied varieties were rated as resistant to the complex
of leaf spots of barley (net blotch of barley Pyrenophora
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Dal$i vyznamnou charakteristikou bylo hodnoceni
zdravotniho stavu vybranych genotypt. Listové choroby
ovliviiuji vynos, podily na sitech, ale i obsah bilkovin.
K pivodci padli jecmene (Blumeria graminis) prokazaly
odolnost (hodnoceni stupném 9-8) odridy LG Zoro, KWS
Ariane, Fanion, Visuel, Citadel, Etincel a Isocel. Odrtida
Atlantick byla hodnocena stupném 5 jako méné odolna.
Statisticky vysoce priikazna pozitivni korelace byla
nalezena mezi odolnosti k padli travnimu a vynosem zrna
(r=0,69**). Statisticky vysoce priikazna negativni korelace
byla zjiSténa mezi odolnosti k padli travnimu a obsahem
dusikatych latek (r=-0,64**). V odolnosti ke komplexu
listovych skvrnitosti je¢mene (sitovita skvrnitost je¢mene

Pyrenophora teres a vietenovitd hnéda skvrnitost jeCmene
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teres and spot blotch of barley Cochliobolus sativus), only
Fanion, Family, KWS Borrelly, Atlantick and Gambrinus were
rated as moderately resistant (7). In resistance to scald
of barley (Rhynchosporium secalis), most varieties were
rated as resistant (score 9-8). The varieties Family, Fanion,
KWS Estaminet, Visuel, Etincel and KWS Faro were rated
as moderately resistant (score 7-6). In terms of lodging,
only the varieties KWS Ariane, Laurin, Etincel, Gigga and
Isocel were rated as resistant (score 9-8). A statistically
significant positive correlation was found between lodging
and starch content (r=0.47*). All the other genotypes
showed moderate resistance in field trials (score 7-6). In
the study set, the average number of fertile tillers was
516 pcs/m? (Table 4). The number of ears per 1 m? in KWS
Ariane, the only two-row variety tested, was 769. For the
six-row forms, the highest stand density was found in KWS
Borrelly (588 ears) and the lowest in Gambrinus (368 ears).
A statistically negative correlation was calculated between
the number of fertile tillers and grain yield (r=-0.54%).
The average plant height in this set was 86 cm. The
shortest plant height was measured in the varieties Fanion,
KWS Borrelly, KWS Faro and Atlantick (78-80 ¢cm), which
according to the classifier is rated as medium-low length.
Variety Laurin, with the longest length in the set of 101 cm,
can be characterised as medium according to the classifier.
Plant height was statistically highly positively correlated
with plant lodging (r=0.60**) and negatively statistically
correlated with the number of fertile tillers (r=-0.54*).

The best yielding variety in the three-year average
was the two-row German variety KWS Ariane (9.90 t/ha,
which was 120.1% to the trial average and 119.6% to the
control average). Among the six-row varieties, the French
variety Isocel was the best yielding variety (9.36 t/ha,
which represented 113.6% to the trial average and
113.0% of the average of the controls). On the contrary,
the lowest yield was obtained by the French variety
Atlantick (5.45 t/ha, which was 66.1% to the trial average
and 65.8% to the average of the controls (Table 5).

The trait grain yield was statistically positively
correlated (Table 5) with the trait Thousand Grain Weight
(TGW) (r=0.50%*) and starch content (r=0.51%*). Negatively, it
was highly statistically correlated with nitrogen substances
content (r=-0.83**). TGW is directly related with barley
grading, and higher values indicate a higher fraction
above 2.5 mm. Large grains with a higher density usually
have a higher value of the ratio of endosperm to other
morphological (covering) parts of the grain. TGW is one of
the factors for barley extract prediction. The better the malt
is modified, the lower its average TGW is (Basarova et al,
1992). The average weight of 1000 grains in the test set was
41.8 g. Within the test set, the range of this trait was from
30.5 g (Atlantick) to 48.9 g in the control variety Laurin
(Table 3).
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Cochliobolus sativus) byla vétSina poloZzek hodnocena
jako odolna, pouze odridy Fanion, Family, KWS Borrelly,
Atlantick a Gambrinus byly bonitovany jako stfedné odolné
(7). V rezistenci ke spale jetmene (Rhynchosporium
secalis) byla vétsSina odrtid hodnocena jako odolné (stupen
9-8). Odrtidy Family, Fanion, KWS Estaminet, Visuel, Etincel
a KWS Faro byly bonitovany jako stfedné odolné (stupen
7-6). Ve znaku poléhani byly pouze odriidy KWS Ariane,
Laurin, Etincel, Gigga a Isocel bodovany stupném 9-8 jako
odolné. Byla zjisténa statisticky priikazna kladna korelace
mezi znakem poléhani a obsahem Skrobu (r=0,47%).
VSechny ostatni genotypy se v polnich pokusech projevily
jako stfedné odolné (stupen 7-6). Ve studovaném souboru
byl primérny pocet produktivnich odnozi 516 ks/m?’
(Tabulka 4). U jediné testované dvouiadé odridy KWS
Ariane byl zjistén pocet 769 klasti na 1 m% U vicetadych
forem byla nejvyssi hustota porostu u odridy KWS Borrelly
klasti). Statisticky negativné prikazna korelace byla
vypoctena mezi znakem pocet plodnych stébel a vynosem
zrna (r=-0,54*). Primérna délka rostlin v daném souboru
byla 86 cm. Nejkratsi délka rostlin byla namérena u odrtd
Fanion, KWS Borrelly, KWS Faro a Atlantick (78-80 cm)
coz je podle Klasifikdtoru hodnoceni jako stiedné nizka
délka. Jako stiedné vysokou dle Kklasifikatoru mizeme
charakterizovat odridu Laurin, u které byla namérena
nejvétsi délkavsouboruato 101 cm. Délka rostlin statisticky
vysoce pozitivné priikazné korelovala s poléhanim rostlin
(r=0,60**) a negativné statisticky prikazné Kkorelovala
s poctem plodnych odnozi (r=-0,54*).

Nejvynosnéjsi odrtidou byla v tiiletém priméru
dvourada némecka odrida KWS Ariane (9,90 t/ha zrna,
cozbylo 120,1 % k priiméru pokusu a 119,6 % k priméru
kontrol). Z vicefadych odrid byla vynosové nejlepsi
francouzska odrtda Isocel (9,36 t/ha, coz ptredstavovalo
113,6 % k priiméru pokusu a 113,0 % k priméru kontrol.
Atlantick (5,45 t/ha, coz bylo 66,1 % k priméru pokusu
a 65,8 % k priméru kontrol (Tabulka 5).

Znak vynos zrna statisticky pozitivné priikazné koreloval
se znakem hmotnost 1000 zrn (r=0,50%*) a se znakem obsah
skrobu (r=0,51*%). Negativné vysoce statisticky prikazné
koreloval s obsahem dusikatych latek (r=-0,83**). Hmotnost
1000 zrn (HTZ) ma ptimy vztah ke tiidéni jecmene a vyssi
hodnoty poukazuji na vyssi podil predniho zrna. Velka
zrna s vétsi hustotou maji obvykle vétsi hodnotu poméru
endospermu k ostatnim morfologickym (obalovym) ¢astem
zrna. HTZ je jednim z faktorti pro predpovéd’ extraktu. Cim
1000 zrn (Basarova et al, 1992). Primérna hmotnost
1000 zrn v testovaném souboru byla 41,8 g. V ramci
sledovaného souboru bylo rozpéti tohoto znaku od 30,5 g
(Atlantick) az do 48,9 g u kontrolni odriidy Laurin.
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Table 4

Evaluation of selected agronomic traits of grain of winter barley genetic resources.

Tabulka4 Hodnoceni vybranych hospoddrskych znak zrna genetickych zdroji ozimého jeCmene.

CRI / VURV, v.v.i. Praha - Ruzyné, 2019-2021

Grain yield
Vynos zrna
K priiméru pokusu
K prtiméru kontrol

")
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Pocet plodnych stébel

To the average of the trial
To the average of the control

Nitrogen substances content
Obsah N-latek

Starch content
Obsah skrobu
Bulk density
Objemova hmotnost
Water content
Obsah vody
Nitrogen content
Obsah dusiku
Size fraction > 2.5 mm
Podil na sité > 2,5 mm
Size fraction > 2.8 mm
Podil na sité > 2,8 mm
Size fraction > 2,5 + > 2.8 mm
Podil na sité > 2,5 + > 2,8 mm
Falling number
Cislo poklesu

Absolut 519 | 803 | 975 | 97.0 | 364 | 119 | 592 | 667 | 119 | 1.90 | 46.1 | 13.9 | 60.0 | 329
Atlantick 527 | 545 | 66.1 | 658 | 305 | 109 | 603 | 720 | 121 | 1.74 | 51.9 | 24.6 | 76.6 | 389
Citadel 481 | 9.34 | 1133 | 1128 | 39.0 | 11.2 | 622 | 693 | 119 | 1.78 | 48.9 | 36.6 | 855 | 421
Etincel 455 | 9.35 | 1135 | 1129 | 387 | 11.2 | 63.0 | 692 | 122 | 1.81 | 419 | 31.3 | 739 | 361
Family 575 | 8.65 | 105.0 | 1045 | 444 | 11.1 | 60.2 | 682 | 121 | 1.78 | 40.0 | 48.0 | 88.0 | 365
Fanion 556 | 8.40 | 101.9 | 101.4 | 40.6 | 108 | 59.8 | 675 | 122 | 1.73 | 439 | 332 | 77.0 | 336
Gambrinus 368 | 672 | 81.6 | 812 | 431 | 109 | 60.7 | 714 | 121 | 1.74 | 475 | 340 | 81.6 | 381
Gigga 403 | 634 | 769 | 76.6 | 348 | 109 | 59.3 | 694 | 115 | 1.80 | 37.8 | 47.2 | 852 | 381
Isocel 521 | 9.36 | 113.6 | 113.0 | 47.9 | 11.6 | 625 | 699 | 122 | 1.87 | 357 | 368 | 725 | 369
KWS Ariane 769 | 9.90 | 120.1 | 119.6 | 47.9 | 130 | 628 | 683 | 118 | 209 | 479 | 385 | 86.4 | 337
KWS Borrelly 588 | 8.89 | 107.9 | 1074 | 433 | 124 | 594 | 661 | 119 | 1.99 | 48.0 | 28.7 | 768 | 313
KWS Estaminet 461 | 811 | 984 | 979 | 392 | 116 | 59.0 | 681 | 120 | 1.85 | 473 | 294 | 76.7 | 314
KWS Faro 579 | 814 | 988 | 983 | 384 | 11.3 | 59.7 | 674 | 121 | 1.80 | 415 | 484 | 89.9 | 309
KWS Kosmos (K) 461 | 9.26 | 1124 | 1118 | 445 | 126 | 615 | 669 | 11.6 | 201 | 36.1 | 505 | 86.6 | 343
Laurin (K) 433 | 755 | 916 | 912 | 489 | 124 | 59.5 | 654 | 115 | 1.97 | 326 | 59.1 | 91.7 | 338
LG Zoro (K) 500 | 9.04 | 109.7 | 109.2 | 45.6 | 12.1 | 583 | 667 | 11.6 | 1.94 | 46.7 | 25.6 | 72.3 | 304
QK19/08030A_18 550 | 6.80 | 825 | 821 | 455 | 125 | 581 | 658 | 11.7 | 201 | 464 | 338 | 803 | 321
Visuel 539 | 746 | 90.5 | 90.1 | 36.7 | 11.3 | 61.2 | 658 | 11.9 | 1.81 | 47.7 | 21.3 | 69.0 | 306
Average of trial

546 | 7.93 | 100 418 | 11.6 | 60.0 | 680 | 11.9 | 1.87 | 438 | 356 | 79.4 | 345
Primér pokusu
Average of controls

486 | 8.28 100 | 451 | 124 | 594 | 663 | 11.6 | 1.97 | 385 | 451 | 835 | 328
Pramér kontrol
Explanatory notes: CRI - Crop Research Institute; TGW - Thousand grain weight
Vysvétlivky: VURV - Vlyzkumny ustav rostlinné vyroby; HTZ - Hmotnost tisice zrn

Starch is the basic organic polysaccharide compound of Skrob je zakladni organickou polysacharidovou

barley (60-65% of dry matter). It consists of amylose (20-
25%) and amylopectin (75-80%). Starch acts as a reserve
polysaccharide in barley and a nutrient reservoir for the
germ during its development. Starch is made available for
the action of amylolytic enzymes occurring during mashing
in the preparation of the sweet wort (Basarova, 2015). The
analysis of starch content using NIR revealed a maximum
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slouceninou je¢mene (60-65 % susiny). Sklada se z molekuly
amylosy (20-25 %) a amylopektinu (75-80 %). Skrob ma
v je¢meni funkci rezervniho polysacharidu a zasobarny zivin
pro kligek v dobé vyvinu. Skrob je zpiistupnén pro piisobeni
amylolytickych enzymd, ke kterému dochazi v pribéhu
rmutovani pii pripravé sladiny (Basarova, 2015). Pti analyze
obsahu Skrobu pomoci NIR byla zjiSténa maximalni
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Table 5 Mean values and degrees of variability of the studied traits.
Tabulka 5 Priimérné hodnoty a miry variability studovanych znaku.
CRI / VURV, v.v.i. Praha - Ruzyné, 2019-2021

Parameter / Znak Units / Jednotky

pinterhardiness 9-1 9.0 7.0 9.0 053 | 58 | 013
Date of heading days from 1/1 143 134 152 483 | 317 | 114
Datum metani dny od 1.1.

Datg of full ripening days from 1/1 185 174 192 507 269 1.24
PIna zralost dnyod 1.1.

Egmﬁzgm"e“r']‘iew of barley 9-1 7 5 9 099 | 1238 | 023
Leaf spot complex _

Komplex listovych skvrnitosti -1 8 7 ? 0.85 244 0.20
g;‘;‘g fefc?f;l:g 9-1 8 7 9 101 | 1122 | 024
E':ﬁ‘;'}i‘iﬁ‘l; cm 86 78 101 558 | 613 | 1.32
t?)?égrzgif 9-1 7 6 9 1.00 1429 | 0.24
E':C”;fgo°£:$crﬁ'§§r:fzﬁs pes /1 m? 546 368 769 | 8593 | 1570 | 2027
S;i'gsy;fg t/ha 7.93 5.45 9.90 1.19 15.00 0.28
L?\Q’ g 418 305 | 489 | 471 | 1127 | 111
gg;gﬁelz lsé‘ﬁf(tances content % 11.6 101 12.8 077 664 | 018
gsg: Zﬁ'r‘cfﬁﬂt % 60 58 63 1.54 257 | 036
gl;ljtgw?/sz;tzmotnost g/l 680 586 730 2.81 413 0.35
Grain water content o

Obsah vody v ama jecmene % 11.9 10.9 13.3 0.64 5.38 0.08
Nitrogen content in grain o

Obsak dusfku v 2 Jecmerme % 1.87 1.40 2.93 0.25 13.37 0.03
E,Zjlrfgzgg : 2255 :::3 % 438 27.7 76.6 1148 | 2621 1.45
E,Zg”ff;zgg : 22'88 :::3 % 35.6 6.1 77.1 1657 | 46.54 2.09
E,Zg”ff;zl‘ig > 2255: > 22'88 o % 794 | 437 989 | 1198 | 1509 | 1.51
gfl'l'ggp glflr:ier s 345 175 449 53.10 | 15391 | 6.69
Explanatory notes / Vysvétlivky:

CRI - Crop Research Institute; VURV - Vyzkumny Ustav rostlinné vyroby

X = mean / primér; s, = standard deviation / smérodatnd odchylka

CV = coefficient of variation / variacni koeficient; SEM = standard error of the mean / standardni chyba priméru

TGW - Thousand grain weight; HTZ - Hmotnost tisice zrn

value of 63.0% for Etincel (FRA) and a minimum hodnota 63,0 % u odrtidy Etincel (FRA) a minimalni hodnota
value of 58.0% for KWS Estaminet (FRA). A highly 58,0 % u odridy KWS Estaminet (FRA). Byla zjisténa
statistically significant negative correlation (r=-0.76**) statisticky vysoce priikazna negativni korelace (r=-0,76**)
was found between nitrogen substances content and mezi obsahem dusikatych latek a obsahem Skrobu vje¢meni.
starch content in barley. Hartman et al. (2010) and Hfivna Ke stejnym zavértim dosli ve svych pracich i Hartman et al.
etal. (2010) came to the same conclusions in their studies. (2010) a Hrivna et al. (2010).
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3.1 Malting parameters

The nitrogen substances of barley are important carriers
of biological changes during the production of malt and
beer. The content of nitrogen substances in the grain of
specific barley varieties is genetically determined, but
strongly influenced by the external environment. Each
variety has a different ability to accumulate nitrogen
substances during the grain development. The loss of
nitrogen substances during malting is minimal. A large
proportion of the nitrogen substances contained in the
barley grain are converted by proteolytic enzymes into
a soluble form and some are further broken down into
amino acids and peptides. Six-row barley varieties tend
to provide higher levels of nitrogen substances soluble in
the sweet wort. The higher nitrogen content in the grain of
six-row barley corresponds to higher enzyme activity. This
characteristic has contributed to the popularity of malt
from six-row barley in North American breweries. The
increased enzyme activity allows the conversion of starch
in mashes with adjuncts such as rice or corn with low
enzyme activity (DeClerck, 1957). This compensates for
the higher nitrogen substances content of the malt from
the six-row variety and increases the extract content of the
malt (Schwarz and Horsley, 1996; Goldammer, 2022).

Higher nitrogen substances content in malting
barley grain can prolong steeping time, cause irregular
germination, increase malt losses, increase enzymatic
activity and reduce extract content in the sweet wort
(Burger and LaBerge, 1985). Soluble nitrogen substances
are of major technological importance. For example, they
contribute to the fullness, colour and flavour of beer, give
foam stability and are important for yeast metabolism
(Basarova and Paulg, 2015).

Psota and Kosar (2002) give limit values and weights
for the quality traits included in the malting quality
index. Nine varieties showed optimal (Fanion, Gigga,
Atlantic, Gambrinus) or close to optimal grain nitrogen
substances content (Family, KWS Faro, Visuel, Citadel,
Etincel) (Table 6).

A statistically highly significant negative correlation
(Table 7) was found between the nitrogen substances
content and apparent final attenuation (r=-0.60**).

Malt extract is an essential economic criterion for
this raw material. It influences the results of fermentation,
the chemical composition of the finished beer, and its
organoleptic properties. Malt extract is strongly influenced
by variety as well as by starch content and nitrogen
substances content (Basarova and Paulti, 2015).

Carbohydrates make up approximately 90 to 92%
of the total soluble substances in the sweet wort. The
remaining part consists of peptides of various sizes,
hydrolytic products of nucleic acids, amino acids and
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3.1 Sladovnické parametry
Dusikaté latky
biologickych zmén v pribéhu vyroby sladu a piva.
Obsah dusikatych latek v zrnu konkrétnich odrid

jeCmene je geneticky podminén, ale vyrazné ovlivnén

jeémene jsou dutlezitymi nosici

vnéj$im prostredim. Kazda odrtida ma jinou schopnost
akumulovat dusikaté latky béhem vyvoje zrna. Ztrata
dusikatych latek v pribéhu sladovani je minimalni.
Velka ¢ast dusikatych latek obsaZenych v zrnu jeCmene
je preménéna proteolytickymi enzymy na rozpustnou
formu a cast se dale rozklddd na aminokyseliny
a peptidy. Sestifadé odriidy je¢mene maji tendenci
poskytovat vyssi hladiny dusikatych latek rozpustnych
ve sladiné. Vys$$i obsah dusikatych latek v zrnu
Sestifadého je¢mene koresponduje s vy$si enzymovou
aktivitou. Tato vlastnost prispéla k popularité sladu
z Sestifadého jeCmene v pivovarech Severni Ameriky.
ZvySena aktivita enzymii umoznuje preménu Skrobu
ve rmutech surogovanych napriklad ryzi nebo kukurici
s nizkou aktivitou enzymt (DeClerck, 1957). Vyrovna
se tak vy$si obsah dusikatych latek ve sladu z Sestiradé
odridy a zvysi se obsah extraktu ve sladiné (Schwarz
a Horsley, 1996; Goldammer, 2022).

Vyssi obsah dusikatych latek v zrnu sladovnického
jecmene mize prodlouzit dobu maceni, zplsobit
nepravidelné Kliceni, zvysit ztraty sladu, zvysit
enzymatickou aktivitu a sniZit obsah extraktu ve sladiné
(Burger a LaBerge, 1985). Rozpustné dusikaté latky
maji zdsadni technologicky vyznam. Prispivaji naptiklad
k plnosti, barvé a chuti piva, podileji se na stabilité pény
a jsou dulezité pro metabolismus kvasinek (Basatova
a Pault;, 2015).

Psota a Kosar (2002) uvadéji limitni hodnoty
a vahy kvalitativnich znaki zarazenych do ukazatele
sladovnické jakosti. Optimalni obsah (Fanion, Gigga,
Atlantic, Gambrinus) nebo se optimalnimu obsahu
dusikatych latek v zrnu blizici (Family, KWS Faro, Visuel,
Citadel, Etincel) vykazalo 9 odriid (Tabulka 6).

Statisticky vysoce prikazna negativni korelace
(Tabulka 7) byla nalezena mezi znaky obsah dusikaté
latek a dosazitelny, stupen prokvaseni (r=-0,60**).

Extrakt sladu je dilezitym ekonomickym kritériem
této suroviny. Ovliviiuje vysledky kvaSeni, chemické
slozeni hotového piva i jeho organoleptické vlastnosti.
Extrakt sladu je silné ovliviiovan odriidou stejné jako
obsahem s$krobu a dusikatych latek (Basarova a Pauld,
2015).

Priblizné 90 aZz 92 % celkovych latek rozpustnych
ve sladiné tvoii sacharidy. Zbytek tvoii peptidy rtizné
velikosti, hydrolytické produkty nukleovych kyselin,
aminokyseliny, malé mnozstvi fenolickych sloucenin

a ruzné lipidy, vitaminy a minerdlni latky (Burger
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Table 6 Evaluation of selected malting quality traits in winter barley genetic resources
Tabulka 6 Hodnoceni vybranych znakd sladovnické jakosti genetickych zdrojt ozimého jeCmene
RIBM, ATL - Malting Institute Brno / VUPS, AZL - Sladafsky tistav Brno

Variety

Odrida

11.9 + 78.1 427 + 419 + 408 + 80.5 60 + 513 +
Absolut 01€0502364 | 29 | 554 0.50 1.53 0.15 4477 0.60 8.07 106.14
. 109 + 80.6 * 370+ 418 + 403 81.0+ 61+ 824 +
Atlantick 01C0502248 | 21 | 557 0.50 1.66 2.99 15.60 0.52 507 168.27
. 112+ 78.6 £ 359+ 372+ 344 + 80.6 £ 59 + 721 +
Citadel 01€0502171 | 1.9 1.41 0.18 0.04 0.14 20.21 0.60 401 18.09
. 112+ 785+ 33.6+ 37.8+ 418 + 80.9 £ 60 + 590 +
Etincel 01€0502172 | 2.6 1.41 0.74 216 1.24 24.82 0.11 3.30 93.26
. 111+ 78.6 £ 373+ 39.1+ 447 + 813+ 62 + 567 +
Family 01C0502362 | 26 | 4 4g 0.65 1.04 1.53 22.48 0.69 6.40 117.64
. 10.8 + 78.2 36.5+ 394+ 401 + 80.6 £ 57 + 759 +
Fanion 01C0502363 | 24 | "g5¢ 0.60 1.09 0.99 21.48 0.52 7.29 151.61
. 10.9 + 79.2 373t 414 + 359 + 80.6 £ 57 + 868 +
Gambrinus 01C0502281 | 21 | 559 0.15 1.40 1.86 12.04 0.05 3.28 114.38
. 109 + 79.1 + 395+ 40.0 £ 401 + 80.9 + 64 + 568 +
Gigga 01C0502363 | 26 | "5, 0.26 1.32 2.08 31.29 0.40 6.61 114.86
11.6 + 78.4 + 341+ 388+ 422 + 815+ 60 + 581 +
Isocel 010502281 | 22 | "573q 1.03 216 0.14 3227 0.39 433 137.94
. 130+ | 796+ | 405+ | 418% 501 + 80.7 + 68+ 241+
KWS Ariane 01€0502363 | 29 | 475 0.38 1.29 1.02 27.68 0.54 476 20.23
124 + 77.7 £ 395+ 375+ 396 + 793t 51+ 975+
KWS Borrelly | 01C0502359 | 2.2 | "y 4¢ 034 1.31 034 49.86 0.36 601 | 14286
. 11.6 + 774 + 393+ 40.5 484 + 816+ 63 + 527 +
KWS Estaminet | 010502360 | 2.9 | “'5g 047 0.60 0.73 45.64 0.54 8.50 99.85
113+ | 794+ | 381+ | 416+ 397 £ 80.3 + 69 + 616 +
KWS Faro 01€0502361 | 26 | 579 0.41 1.27 0.44 68.69 035 6.22 5822
126+ | 785+ | 354% | 368% 501 + 795+ 41+ 1013+
KWS Kosmos (C) | 01€0502208 | 1.8 | " 5g 1.03 0.92 0.35 4.61 0.04 319 3333
) 124+ | 773+ | 392+ | 363% | 457% 80.0 + 44 + 1004 +
Laurin (C) 01€0502330 | 2.5 | "5 039 0.07 0.14 19.50 0.04 035 82.62
121+ | 764+ | 387+ | 345% 369 £ 789 + 38z 1355 +
LG Zoro (©) 01€0502397 | 2.2 | "4y 0.25 0.14 021 11.35 007 035 81.56
125+ | 788+ | 416+ | 428% 392+ 793+ 61+ 382+
QK19/08030A 18 | 01C0502407 | 2.7 | " 4g 039 1.57 1.40 18.90 0.63 3.52 62.16
) 113+ | 779+ | 381+ | 369% | 449% 80.9 + 53+ 742 +
Visuel 01C0502314 | 24 | "g54 0.58 1.45 0.83 29.98 0.68 571 93.70
Explanatory notes: RIBM, ATL - Research Institute of Brewing and Malting, Analytical Testing Laboratory
ECN - national accession number; MQI - malting quality index; P - protein content in barley grain;
E - extract in malt dry matter; VZ45 - Hartong and Kretschmer VZ 45 °C; Kl - Kolbach index; DP - diastatic power;
AFA - apparengﬁnal attenuation; F - friability; BG - B-glucans in wort; C - control varieties
Vysvétlivky: VUPS, AZL - Vlyzkumny ustav pivovarsky a sladarsky, Analytickd zkusebni laborator
ECN - narodni evidencni cCislo; USJ - ukazatel sladovnické jastﬁ; NL - dusikaté latky v zrnu je€mene;
E - extrakt v susiné sladu; RE45 - relativni extrakt pfi 45°C; KC - Kolbachovo c¢islo; DM - diastatickd mohutnost;
DSP - dosazitelny stupen prokvaseni; F - friabilita; BG - B-glukany ve sladin€; C - kontrolni odrtdy

small amounts of phenolic compounds, and various a LaBerge, 1985). Mnozstvi a kvalita extraktu ve sladiné je
lipids, vitamins and minerals (Burger and LaBerge, 1985). ovlivnéna radou faktort: prostiedim, genetickymi faktory,
The quantity and quality of extract in the sweet wort is technologif sladovani a rmutovani (Fox et al., 2003).

influenced by a number of factors: environment, genetic Obsah extraktu ve sladiné se u odrid viceradého
factors, malting and mashing technology (Fox etal., 2003). je¢mene pohybuje kolem 79 % (Burger a LaBerge, 1985).
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Table 7

Correlation coefficients between selected malting quality traits

Tabulka 7 Korelacni koeficienty mezi vybranymi znaky sladovnické kvality
RIBM, ATL - Malting Institute Brno / VUPS, AZL - Sladafsky tistav Brno

References
Odkazy

Methods Units

Jednotky

Metody

Protein content in barley grain

(factor 6.25) % EB§32(;10

Dusikaté latky v je€meni (faktor 6,25) o

Extract in malt dry matter % EBC 2010 028

Extrakt sladu v susiné sladu ° 45.1 :

Hartong and Kretschmer VZ 45 °C o EBC 2010 }

Relativni extrakt pfi 45 °C % 3.1.4.11 0.45 023

Kolbach index o EBC 2010

Kolbach index % 431,491 | 014|065 | 040

Diastatic power o EBC 2010 ) }

Diastatickd mohutnost % 4121 043 0.07 001 0.02

Apparent final attenuation o EBC 2010 ) }

Dosazitelny stupen prokvaseni % 4111 060 | 0.44 016 | 039 028

Friability EBC 2010

Friabilita % 415 -0.32 | 058 | 0.28 | 0.82 | -0.04 | 0.63
B-Glucan of sweet wort EBC2010 | _ ) ) ) . ) }
B-Glukany ve slading mg/I 813.2 0.01 | -046 | -043 | -0.77 | -0.25 | -0.52 | -0.87

P -value / P - hodnota P =0.05; P=0.01

P - protein content in barley grain, E - extract in malt dry matter;

NL - dusikaté latky v zrnu jeCmene, E - extrakt v susiné sladu;

Explanatory notes: RIBM, ATL - Research Institute of Brewing and Malting, Analytical Testing Laboratory

VZ45 - Hartong and Kretschmer VZ 45 °C; Kl - Kolbach index; DP - diastatic power;
AFA - apparent final attenuation; F - friability; BG - B-glucans of sweet wort
Vysvétlivky: VUPS, AZL - Vyzkumny Ustav pivovarsky a sladarsky, Analyticka zkusebni laboratof

RE45 - relativni extrakt pfi 45°C; KC - Kolbachovo &islo; DM - diastatickad mohutnost;
DSP - dosazitelny stupen prokvaseni; F - friabilita; BG - B-glukany ve sladiné

The extract content of the sweet wort is around 79%
in six-row barley varieties (Burger and LaBerge, 1985).
The extract content of the six-row barley varieties studied
ranged from 77.3% (Laurin) to 80.6% (Atlantick). The
only two-row malting barley variety in the set, KWS
Ariane, had a low extract content (79.6%), which was
probably due to the high nitrogen substances content of
the barley grain (13.0%). During the registration process,
the variety KWS Ariane had an extract content of 81.7%,
but with a grain nitrogen substances content of 11.4% in
barley grain (Psota et al., 2015).

A statistically highly significant positive correlation
was found between the extract and Kolbach index
(r=0.65**). The same conclusions were reached by Kosar
etal.(1997), Spunarova and Prokes (1998), and Nesvadba
and LeiSova-Svobodova (2019). A statistically significant
negative correlation was calculated between extract
in malt dry matter and B-glucan content (r=-0.46%).
A statistically significant positive correlation was found
between the traits extract and friability (r=0.58%).

The activity of proteolytic and cytolytic enzymes is
highest at 45 °C. The value of relative extract at 45 °C
(VZ 45) should be around 36%. In the set of varieties

Obsah extraktu se u sledovaného souboru viceradych
odrtid je¢mene pohyboval od 77,3 % (Laurin) do 80,6 %
(Atlantick). V souboru jedind dvourada sladovnicka
odrida jecmene KWS Ariane méla nizky obsah extraktu
(79,6 %), coz bylo pravdépodobné zptisobeno vysokym
obsahem dusikatych latek v zrnu je¢mene (13,0 %).
Odrida KWS Ariane méla v pribéhu registracniho
rizeni obsah extraktu na urovni 81,7 %, ale pii obsahu
dusikatych latek v zrnu jeCmene na trovni 11,4 % (Psota
etal, 2015).

Statisticky vysoce prikazna pozitivni korelace
byla nalezena mezi extraktem a Kolbachovym Ccislem
(r=0,65**). Ke stejnym zavértim dospéli i Kosar et al.
(1997), Spunarova a Proke$ (1998) a Nesvadba a Lei$ova-
Svobodova (2019).
korelace byla vypoctena mezi extraktem v suSiné sladu

Statisticky prlkazna negativni

a obsahem B-glukant (r=-0,46*). Statisticky priikazna
pozitivni korelace byla mezi znaky extrakt a friabilita
(r=0,58%).

Pri teploté 45 °C
a cytolytickych enzymi nejvyssi. Hodnota relativniho

je aktivita proteolytickych

extraktu pri 45 °C by se méla pohybovat kolem 36 %.
Ve sledované skupiné odriid se hodnota relativniho
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studied, the relative extract value at 45 °C ranged from
33.6% (Etincel) to 42.7% (Absolut).. Lower values are found
in malts with insufficient nitrogen substances degradation
and thus with low enzyme activity. In addition to Etincel,
the varieties Isocel, KWS Kosmos and Citadel also showed
the values of relative extract at 45 °C of up to 36%. Malts
with values above 36% are suitable for the production of
colloid-stable beers. Only KWS Ariane, QK19/08030A_187
and Absolut reached the optimum level (40-48%).

Kolbachindexisanimportantindicator of proteolysis
that occurs during malting and mashing. Kolbach index
is the proportion of nitrogen (%) that passes from the
malt to the sweet wort. Kolbach index is influenced by
environmental conditions, but the genetic makeup of
individual varieties is also important (Wang et al.,, 2015;
Kochevenko et al., 2018). Stronger nitrogen substances
hydrolysis during malting means more soluble nitrogen
substances and a higher value of the Kolbach index. In
case of weak hydrolysis of nitrogen substances, Kolbach
index has low values (Fang et al., 2019).

In the tested set of varieties, the value of Kolbach
index ranged from 34.5% (LG Zoro) to 42.8%
(QK19/08030A_18). KWS Faro, Atlantick, KWS Ariane,
Absolut and line QK19/08030A_18 reached the optimum
limit (42-48%).

Correlation analysis revealed a highly statistically
significant negative correlation between Kolbach index
and 3-glucan content (r=-0.77**) and a highly statistically
significant positive correlation between Kolbach index
and friability (r=0.82**).

Diastatic power is an important qualitative
characteristic of malt. It is positively correlated with
B-amylase activity but it also includes the activity of
other hydrolyticstarch-degrading enzymes (a-amylase,
limit dextrinase and a-glucosidase) (Arends et al,
1995; Qi et al., 2006). The diastatic power of malt is
influenced by the interaction of genetic variation and
environmental factors (Arends et al., 1995). Diastatic
power of two-row and six-row barley varieties differs
significantly (Gebhardt et al., 1993). The mean value
of diastatic power of the studied set of barley varieties
was 419 WK and ranged from 344 WK in Citadel to
501 WK in KWS Kosmos (Table 6). After B-glucans, this
parameter was the second with the highest variability,
CV 10.89%. All the varieties studied reached optimum
values above 300 WK.

Apparent final attenuation that characterizes the
quality of the sweet wort was the least variable parameter
of all analyzed traits, CV 0.91% (Table 8).

Its values ranged from 78.9% for LG Zoro to 81.6%
for KWS Estaminet. LG Zoro, KWS Borrelly and line
QK19/08030A_18 showed unacceptably low values,
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extraktu pri 45 °C pohybovala od 33,6 % (Etincel)
do 42,7 % (Absolut). NiZ8i hodnoty vykazuji slady
s nedostatecnym rozlusténim bilkovin, a tedy s nizkou
aktivitou enzymi. Hodnotu relativniho extraktu pti 45 °C
do 36 % meély vedle odridy Etincel jesté odrtdy Isocel,
KWS Kosmos a Citadel. Hodnoty nad 36 % maji slady
vhodné pro vyrobu koloidné stabilnich piv. Optimalni
urovné (40-48 %) dosahly pouze odriidy KWS Ariane,
QK19/08030A_187 a Absolut.

Kolbachovo ¢islo ukazatelem

je  dualezitym

proteolyzy, k niz dochazi v pribéhu sladovani
armutovani. Kolbachovo ¢islo je podil dusiku (v %), ktery
prejde ze sladu do sladiny. Kolbachovo ¢islo je ovlivnéno
podminkami prostredi, ale vyznamna je také geneticka
vybavajednotlivych odrid (Wangetal,, 2015; Kochevenko
et al, 2018). Silnéjsi hydrolyza dusikatych latek béhem
sladovani znamend vice rozpustnych dusikatych latek
a vyssi hodnotu Kolbachova ¢isla. V pripadé slabé
hydrolyzy dusikatych latek ma Kolbachovo c¢islo nizké
hodnoty (Fang et al,, 2019).

V testovaném souboru odriid se hodnota Kolbachova
¢isla pohybovala od 34,5 % (LG Zoro) do 42,8 %
(QK19/08030A_18). Optimalni hranice (42-48 %)
dosahly odriidy KWS Faro, Atlantick, KWS Ariane,
Absolut a linie QK19/08030A_18.

Korelac¢ni analyzou byl zjiStén negativni statisticky
vysoce priikazny vztah mezi hodnotou Kolbachova ¢isla
a obsahem {-glukanti (r=-0,77**) a statisticky vysoce
prikazna kladna korelace mezi Kolbachovym c¢islem
a friabilitou (r=0,82**).

Diastatickd mohutnost je vyznamny kvalitativni
znak sladu. Pozitivné koreluje s aktivitou -amylazy, ale
je v ni zahrnuta i aktivita dalSich hydrolytickych enzymi
degradujicich Skrob (a-amyldza, limitni dextrinaza
a a-glukosidaza) (Arends et al., 1995; Qi et al., 2006).
Diastatickd mohutnost sladu je ovlivnéna vzajemnym
plisobenim genetické variability a faktort prostredi
(Arends et al., 1995). Diastatickd mohutnost dvouradych
a Sestiradych odrtd jeCmene se vyrazné lisi (Gebhardt
et al., 1993). Prlimérna hodnota diastatické mohutnosti
sledovaného souboru odrid je¢mene byla 419 j. WK
a pohybovala se od 344 j. WK u odrtdy Citadel do 501 j.
WK u odriiddy KWS Kosmos (Tabulka 6). Po 3-glukanech
byl tento parametr druhy s nejvyssi variabilitou, CV
10,89 %. VSechny sledované odrtdy dosahly optimalnich
hodnot nad 300 j. WK.

Dosazitelny stupenn prokvaseni charakterizujici
kvalitu sladiny byl nejméné variabilni parametr, CV
0,91 %, (Tabulka 8) ze v§ech analyzovanych znakd.

Jeho hodnoty se pohybovaly od 78,9 % u odridy LG
Zoro do 81,6 % u odridy KWS Estaminet. Odridy LG
Zoro, KWS Borrelly a linie QK19/08030A_18 vykazovaly
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Table 8

Average values and degrees of variability of the studied malting quality traits.

Tabulka 8 Priimérné hodnoty a miry variability stuqovanych znakd sladovnické kvality.
RIBM, ATL - Malting Institute Brno / VUPS, AZL - Sladarsky ustav Brno

Parameter Units
Znak Jednotky

Nitrogen substances content of barley (factor 6.25) o
Dusikaté latky v je¢meni (faktor 6,25) % 11.7 108 130 0.68 581 0.16
Extract in malt dry matter % 786 | 764 | 806 | 102 | 130 | 024
Extrakt sladu v susiné sladu
Hartong and Kretschmer VZ 45 °C o
Relativn{ extrakt pfi 45 °C % 38.4 354 42.7 1.90 4.95 0.45
Kolbach index % 393 | 345 | 428 | 230 | 585 | 054
Kolbach index
Diastatic power
Diastatickd mohutnost WK 424 344 501 46.18 10.89 10.89
Apparent final attenuation % 804 | 789 | 816 | 073 | 091 | 017
Dosazitelny stupen prokvaseni
Friability % 56 38 69 | 851 | 1520 | 201
Friabilita
B-Glucan of sweet wort mg/I 732 | 241 | 1355 | 25287 | 3455 | 59.64
B-Glukany ve sladiné
Explanatory notes / Vysvétlivky:
RIBM, ATL - Research Institute of Brewing and Malting, Analytical Testing Laboratory
VUPS, AZL - Vyzkumny Ustav pivovarsky a sladafsky, Analytickad zkusebni laboratof
X = mean / primér; s, = standard deviation / smérodatna odchylka
CV = coefficient of variation / variacni koeficient

whereas KWS Estaminet and Isocel achieved optimum
CV levels. The correlation analysis revealed a statistically
significant negative relationship between [(-glucan
value and apparent final attenuation (r=-0.52*) and
a statistically highly significant positive correlation
between friability and apparent final attenuation
(r=0.63**).

Friability is related to the degradation of cell walls
during malting. The walls of barley endosperm cells are
composed mainly of non-starch polysaccharides and
nitrogen substances. Well-modified grains are fragile and
the milling energy of malt is low. The level of cytolytic
modification in six-row barley varieties is low, which is
reflected in the friability values and the $3-glucan content
of the wort. The friability values ranged from 38% (LG
Zoro) to 69% (KWS Faro). In the case of two-row varieties,
the situation is much better. In the studied set, the two-
row variety KWS Ariane achieved a friability level of
68%. The friability values for the study set of varieties
were unacceptably low. A highly statistically significant
negative correlation was calculated between friability
and B-glucan content (r=-0.87**): as the friability value
decreases, the f-glucan content of the wort increases.
The same result was reached by Nesvadba and LeiSova-
Svobodova (2019).

B-Glucans in the sweet wort influence the course of
lautering and filtration of the wort and are an important
economic indicators of beer production. Only the two-
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nepfrijatelné nizké hodnoty, naopak odriidy KWS Estaminet
a Isocel dosahly optimdalnich hodnot dosazitelného stupné
prokvaseni. Korelacni analyzou byl zjiStén negativni
statisticky prikazny vztah mezi hodnotou (-glukani
a dosazitelnym stupném prokvaseni (r=-0,52%*) a statisticky
vysoce priukaznd kladna korelace mezi friabilitou
a dosazitelnym stupném prokvaseni (r=0,63**).

Friabilita souvisi s odbouranim bunécnych stén
v pribéhu sladovani. Stény bunék endospermu je¢mene
jsou tvoreny prevazné neskrobovymi polysacharidy
a dusikatymi latkami. Dobte rozlusténa zrna jsou kirehka
a mleci energie sladu je nizka. Urovei cytolytického
rozlusténi u viceradych odrid je¢mene je nizka, coz se
odrazi na hodnotach friability a obsahu B-glukana ve
sladiné. Hodnoty friability se pohybovaly v rozpéti 38 %
(LG Zoro) do 69 % (KWS Faro). V ptipadé dvouradych
odrid je situace vyrazné lepsi. Ve sledovaném souboru
dosahla dvouiada odriida KWS Ariane trovné friability
68 %. Hodnoty friability u sledovaného souboru odrtid
byly neptijatelné nizké. Statisticky vysoce prikazna
negativni korelace byla vypoctena mezi friabilitou
a obsahem B-glukani (r=-0,87**): s klesajici hodnotou
friability vzrista obsah f-glukani ve sladiné. Ke
stejnému vysledku dospéli i autori Nesvadba a LeiSova-
Svobodova (2019).

B-Glukany ve sladiné ovliviiuji pribéh scezovani
a filtraci sladiny a jsou dilezitym ekonomickym

ukazatelem vyroby piva. Akceptovatelné mnoZstvi
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row winter variety KWS Ariane (241 mg/l) showed an
acceptable level of -glucans in the wort. Among the
six-row varieties, the line QK19/08030A_18 (382 mg/1)
had the lowest amounts of 3-glucans of the wort. In the
evaluated set of genotypes, the -glucan content of the
wort was highly variable (CV 34.55%). A similar result
(CV 60.59%) was also reached by Zavielova et al. (2021),
who tested a collection of 92 spring barley genetic
resources for malting quality. As reported by Zheng et
al. (2011), B-glucan levels are influenced by both genetic
and environmental factors. However, genetic factors
seem to predominate.

4 Conclusion

The studied set of the selected winter barley varieties
showed low malting quality even with an on average
favourable nitrogen substances content in unmalted
barley grain. Nevertheless, some varieties under study are
close to the required quality in some traits: for example,
the variety Atlantick with an extract content of 80.6%,
the varieties Absolut, KWS Ariane and QK19/08030A_18
with an optimum level of proteolytic solubility and KWS
Ariane and QK19/08030A_18 with a relatively low
B-glucan content of the sweet wort (241 and 382 mg/1).
This is where breeding progress can be seen. Six-row
winter barley varieties with improved malting quality
may be one of the options to secure malting barley
production in the period of climate change. For pre-
breeding and further breeding, it is necessary to look for
genetic resources of winter barley with the required level
of malting traits.
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B-glukant ve sladiné vykazala pouze dvourada ozima
B-glukanli ve sladiné z vicefadych odrid méla linie
QK19/08030A_18 (382 mg/l). V hodnoceném souboru
genotypi byl obsah f-glukani ve sladiné vysoce
variabilni (CV 34,55 %). K podobnému vysledku
(CV 60,59 %) dosli také autori Zavrelova et al. (2021),
ktefi testovali kolekci 92 genetickych zdroji jarniho
je¢mene z hlediska sladovnické kvality. Jak uvadi Zheng
et al. (2011), tak hladiny B-glukant jsou ovlivnény jak
genetickymi, tak environmentalnimi faktory. Zda se ale,

Ze genetické faktory prevazuji.

4 Zavér

Sledovany soubor vybranych odriid ozimého jeCmene
vykazal nizkou sladovnickou kvalitu i pfi v priméru
priznivém obsahu dusikatych latek v nesladovaném
zrnu. Presto lze v tomto souboru nalézt odridy, které
se v nékterych znacich poZadované kvalité bliZi:
naptiklad odrtida Atlantick obsahem extraktu (80,6 %),
odridy Absolut, KWS Ariane a linie QK19/08030A_18
s optimalni Urovni proteolytického rozlusténi a odridy
KWS Ariane a linie QK19/08030A_18 s relativné nizkym
obsahem B-glukanii ve sladiné (241 a 382 mg/l). V tom
lze spatrovat Slechtitelsky progres. Odridy Sestifadého
ozimého je¢mene s lepsi sladovnickou kvalitou mohou byt
jednou z moznosti, jak zabezpecit produkci sladovnického
je¢mene v obdobi klimatické zmény. Pro pripravnou fazi
Slechténi (pre-breeding) a vlastni Slechtitelsky proces
je treba hledat genetické zdroje ozimého je¢mene
s pozadovanou drovni sladovnickych znakd.
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