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Sachambula, L. — Psota, V.: Poskliziiové dozravani vybranych odrid jarniho jeémene v letech 2008—-2011. Kvasny Prum. 60, 2014,
€. 2,s.31-37

V letech 2008-2011 bylo hodnoceno celkem 9 odrlid sladovnického jeémene (Aksamit, Aktiv, Blanik, Bojos, Kangoo, Radegast, Se-
bastian, Tolar a Xanadu). Hodnota energie klieni 3 tydny po dosazeni plné zralosti se pohybovala v priibéhu testovani na primérné
urovni 88,6 %. Mezi testovanymi odrtidami byl znaény rozdil, tento znak se pohyboval v rozmezi 42—-100 %. Nejvyssi primérné hodnoty
energie kliceni 3 tydny po dosazeni piné zralosti byly zjiStény u odriid Aktiv, Kangoo, Sebastian a Xanadu, které se tak statisticky vy-
znamneé liSily od vSech ostatnich odriid v souboru. Hodnota znakl popisujicich intenzitu kli¢eni, tj. rychlost a index kli¢eni, se postupné
zvySovala a 12 tydnd po dosazeni plné zralosti byla na urovni 78,6 %, index kli¢eni mél hodnotu 6,8. Vliv odrady na rychlost kli¢eni
postupné klesal, naopak vzrlstal viiv roéniku. Podobna tendence je i u indexu kliceni. V devatém a dvanactém tydnu po dosazeni plné
zralosti je tento znak ovlivnén ze 30 % ro€nikem a ze 30 % prostredim.

Sachambula, L. — Psota, V.: Post harvest maturation of the selected spring barley varieties in 2008-2011. Kvasny Prum. 60, 2014,
No. 2, pp. 31-37

In 2008-2011 a total set of nine malting barley varieties (Aksamit, Aktiv, Blanik, Bojos, Kangoo, Radegast, Sebastian, Tolar, and
Xanadu) was assessed. Three weeks after achieving full maturity, the value of germination energy moved around the average level of
88.6 % during testing. The tested varieties exhibited considerable differences, this trait varied in the range of 42-100%. The highest
average values of germination energy three weeks after achieving full maturity were detected in the varieties Aktiv, Kangoo, Sebastian,
and Xanadu, differing thus statistically significantly from all other varieties in the set. The value of parameters describing intensity of ger-
mination, i.e. germination rate and index, gradually increased and 12 weeks after achieving full maturity it was at the level of 78.6%, the
value of the germination index was 6.8. The effect of the variety on germination rate gradually decreased and, conversely, the effect of
the year grew. Germination index showed a similar trend. This trait in the ninth and twelfth weeks after achieving full maturity is affected
by year from 30% and the environment from 30%.

Sachambula, L. — Psota, V.: Die Reifung nach der Ernte von ausgewéhlten Sommergerstensorten im Zeitraum 2008-2011. Kvasny
Prum. 60, 2014, Nr. 2, S. 31-37

Im Zeitraum 2008-2011 wurden insgesamt neun Sommergerstensorten (Aksamit, Aktiv, Blanik, Bojos, Kangoo, Radegast, Sebasti-
an, Tolar und Xanadu) ausgewertet. Drei Wochen nach Erreichen der vollen Reifung wahrend der Testphase lag der Keimungsener-
giewert auf dem durchschnittlichen Niveau 88,6%. Unter getesteten Gerstensorten wurde ein wesentlicher Unterschied im Messenbe-
reich 42 — 100 % festgestellt. Drei Wochen nach dem Erreichen der vollen Reifung wurden bei den Sorten Aktiv, Kangoo, Sebastian
und Xanadu die héchste durchschnittliche Keimungsenergiewerte ermittelt. Diese Sorten haben sich von den anderen Sorten in Datei
statistisch bedeutend unterschieden. Der Wert von die Reifungsintensitat (Keimungsindex und Geschwindigkeit) beschreibenden
Parametern hat sich stufenweise erhéht, 12 Wochen nach dem Erreichen voller Reifung wurde auf der Ebene 78,6%, Keimungsindex
hatte einen Wert 6,8. Der Einfluss der Gerstensorte auf die Keimungsgeschwindigkeit wurde allmé&hlich zuriickgegangen, im Gegenteil
der Einfluss des Jahrganges hat sich allmahlich erhéht, diese Tendenz wurde bei dem Keimungsindex festgestellt. In den 9. und 12.
Wochen nach dem Erreichen voller Reifung ist dieser Parameter durch Jahrgang mit 30% und durch Milieu auch mit 30% beeinflusst

worden.

Kli€ova slova: dormance, odrida jeémene, energie klicent,
rychlost kliceni, klimatické podminky, lokalita

1 UVOD

Obdobi od sklizné jeémene do okamziku, kdy je hodnota energie
kliceni stejna s kli¢ivosti (H,O,) (EBC, 2009), nazyvame obdobim
posklizhiového dozravani (LiSkova a Fran¢akova, 2012). Posklizfiové
dozravani je uzce spojeno s vystupem obilky z dormance. Dorman-
ce je fyziologicky jev, ktery je u semen charakterizovan omezenou
schopnosti klic¢it i pfi jinak vhodnych podminkach. Dormance se pro-
hlubuje, pokud v priibéhu sklizné pretrvava vihké a studené pocasi,
naopak se zkracuje v pfipadé suchého a teplého pocasi (LiSkova
a Francakova, 2012).

Obilky je€mene vystupuji z dormance po dosazeni fyziologické
zralosti, tj. v dobé, kdy je ukonéen transport asimilatd do obilky a kdy
je dosazeno maximalni hmotnosti su8iny obilky. Bezprostfedné po
sklizni v pribéhu posklizhového dozravani kli¢i obilky jeémene ne-
jednotné a pomalu. Nékteré odrudy vystupuji z dormance a ukonéuji
poskliziiové dozravani nahle (béhem nékolika dn(), jiné postupné
a u nékterych odriid trva poskliziiové dozravani i nékolik mésicu.
Délka poskliziiového dozravani je zavisla pfedevSim na téchto fak-
torech: odrida, klimatické podminky v dobé tvorby obilky a v dobé
sklizné, podminky skladovani (Benech-Arnold, 2002).

Keywords: dormancy, barley variety, germination energy,
germination rate, weather conditions, locality

1 INTRODUCTION

The period from harvest of barley to the moment when the value
of germination energy is the same as germination capacity (H,O.,)
(EBC, 2009) is called the period of post-harvest maturation (LiSkova
and Fran¢akova, 2012). Post-harvest maturation is tightly connected
with caryopsis breaking of dormancy. Dormancy is a physiological
phenomenon characterized by a reduced capacity of seeds to ger-
minate even under otherwise favorable conditions. Dormancy deep-
ens if weather during harvest is wet and cold, and it gets shorter if
weather is dry and warm (LiSkova and Fran¢akova, 2012).

Barley caryopses usually overcome dormancy after reaching
physiological maturity, i.e. when the transport of assimilates into
the caryopses has been completed and maximum dry matter of
caryopses achieved. Immediately after harvest, during post har-
vest maturing barley caryopses germinate unevenly and slowly.
Some varieties overcome dormancy suddenly (during several
days), others more gradually and some remain dormant for sev-
eral months depending on the variety, weather conditions during
vegetation and harvest and storage conditions (Benech-Arnold,
2002).
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Tab. 1 Seznam odrdd jarniho jeémene zkouSenych v roce 2008-2011/ Table 1 List of the spring barley varieties tested in 2008—-2011

Kod / Code Nazev odrudy / Udrzovatel / Zastupce v CR/ Od roku /
Variety denomination Maintainer Agent in the CR Since year
5076678 Aksamit SELGEN, a.s. 2007
5077172 Aktiv Limagrain Central Europe Cereals, s.r.o. 2008
5076665 Blanik Limagrain Nederland B.V. Limagrain Central Europe Cereals, s.r.o. 2007
5075648 Bojos Limagrain Central Europe Cereals, s.r.o. 2005
5077135 Kangoo Limagrain Nederland B.V. Limagrain Central Europe Cereals, s.r.o. 2008
5075649 Radegast Limagrain Central Europe Cereals, s.r.o. 2005
5075710 Sebastian Sejet Plantbreeding I/S SELGEN, a.s. 2005
1020062 Tolar Limagrain Central Europe Cereals, s.r.o. 1997
5076389 Xanadu NORDSAAT Saatzucht GmbH SAATEN — UNION CZ s.r.o. 2006

Tab. 2 Popisy lokalit / Table 2 Descriptions of locations

Lokalita / Location Kod lokality Vyrobni Nadmofska | Dlouhodoba priimérna | Dlouhodoby priimérny thrn | Puadni typ
/ Code of oblast / vyska (m)/ teplota t30 (°C) / srazek s30 (mm) / Long-term adruh/
location Production | Altitude (m) Long-term average average sum of precipitation | Code of soil
region temperature t30 (°C) p30 (mm)
Hrubéice HE 2 210 8.5 578 CMh-h
Caslav-Filipov CAS 2 260 8.9 555 CMh—h
Vérovany VER 2 207 8.7 502 CMh—h
Libéjovice LIB 3 460 7.9 563 KMm — ph
Chrastava CHT 3 345 8.0 738 HMI — ph
Vysoka VYS 4 585 71 611 LMg-h
Pusté Jakartice PJA 2 295 8.3 584 HMI - h

Dlouhodoba primérna teplota t30 a dlouhodoby priimérny tihrn srazek s30 (1971-2000) / Long-term average temperature t30 and long-
term average sum of precipitations p30 (1971-2000)

Kéd / Code Vyrobni oblasti Production region

2 fepafska vyrobni oblast Sugar beet production region

3 obilnafska vyrobni oblast Cereal production region

4 bramborarska vyrobni oblast Potato production region

Pudni druh Sort of soil

h hlinita pdda (stfedni) Loamy soil (medium)

ph piscitohlinita ptda (stredni) Sandy-loam (medium)
Geneticky pudni typ a subtyp Type of soil

CMh Cernozem hnédozemni Luvi-haplic Chernozem

KMm Kambizem typicka Eutric Cambisol

HMI Hnédozem luvizemni no FAO term

LMg Luvizem pseudoglejova Albo-gleyic Luvisol

U sladovnickych odrid je¢mene je dullezita délka posklizriového
dozravani, protoze odridy s dlouhou dobou poskliziiového dozra-
vani se mohou sladovat az pozdéji, coz je ekonomicky nevyhodné.
Délka poskliziiového dozravani trva u vétsiny odrdd 4—6 tydnl. Roz-
dily v technologické kvalité jarniho je€mene se v jednotlivych letech
nepriznivé odrazi na kvalité vyrobeného sladu, zejména v letech
s nepfiznivymi klimatickymi podminkami v obdobi dozravani a skliz-
né (Liskova a FranCakova, 2012).

Slechténim se doba poskliziiového dozravani odriid jeémene vy-
razné zkratila, coz ale mize mit i negativni dopad. V pfipadé desti-
vého pocasi pred sklizni odridy s kratkym obdobim poskliziiového
dozravani snadno porustaji.

V nasich klimatickych podminkach muze délka poskliziiového
dozravani a nachylnost obilek jeémene k pordstani zplsobit sladaf-
skému pramyslu znaéné problémy. PorUstani je vaznym problémem
zejména v letech s destivym priibéhem sklizné. Nebezpeéi porustani
se zvysuje, jestlize je pocasi béhem zrani obilek teplé a suché. Ta-
kovy prabéh pocasi navozuje méné hlubokou dormanci, a nasledné
kratké poskliziiové dozravani. V pfipadé, Ze po slune¢ném a suchém
obdobi dojde ke zméné pocasi a tésné pred sklizni nebo v jejim pra-
béhu se ochladi a za¢ne prset, je nebezpedi porlistani velmi vysoké,
protoZe predchozi pribéh pocasi navodil nizkou Uroveri dormance
(Benech-Arnold, 2002).

Uroven poskliziového dozravani zpusobuje problémy pfi testova-
ni obilek. Zejména pfi stanoveni energie, rychlosti a indexu kli¢e-
ni jsou vysledky téchto znakd kratce po sklizni vyrazné negativné
ovlivnény (Bewley a Black, 1982; Riis et al., 1995). Nejniz8i hodnoty
energie, rychlosti a indexu kli€eni je mozné zaznamenat v obdobi
pfed dosazenim pIné zralosti.

The length of post harvest maturation is especially important in malt-
ing barley varieties as the varieties with a long time of post harvest
maturation are malted later, which is economically unfavorable. The
length of post harvest maturation lasts in most varieties for 4-6 weeks.
Differences in v technological quality of spring barley in the individual
years are negatively reflected in quality of the malt produced, namely
in years with unfavorable weather conditions during the period of mat-
uration and harvest (LiSkova and Franakova, 2012).

Breeding has shortened the time of the post harvest maturation of bar-
ley varieties significantly; this however can also have a negative impact.
In case of rainy weather before harvest, the varieties with short post har-
vest maturation period can be easily affected by sprout damage.

Under the climatic conditions of the Czech Republic, the length of
the post harvest maturation and susceptibility of caryopses to sprout-
ing can cause considerable problems to the malting industry. Sprout-
ing is a serious problem mainly in years with a rainy course of har-
vest. Risk of sprouting increases if the weather during maturation of
caryopses is hot and dry. This course of weather induces less deep
dormancy and subsequently short post harvest maturation. In case
that weather changes after a sunny and dry period, and it gets colder
and starts raining closely before harvest or during it, risk of sprouting
is very high as the preceding course of weather had brought a low
level of dormancy (Benech-Arnold, 2002).

Dormancy also causes problems at testing of caryopses; mainly
at determination of germination energy, rate and germination index,
the results of these parameters shortly after harvest can be markedly
affected (Bewley a Black, 1982; Riis et al., 1995). The lowest values
of germination energy, rate, and index can be recorded in the period
before achieving full maturity.
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Tab. 3 Zakladni statistické charakteristiky testovanych vzorkl jeémene / Table 3 Basic statistical characteristics of the tested barley samples

EK3/ GE3 EK6 / GE6 EK9/ GE9 EK12/ GE12
Pocet vzorkli / Sample size 144 144 144 144
Pramér / Average 88.6 96.7 971 97.3
Odchylka / Variance 139.2 10.7 10.2 13.9
Smérodatna odchylka / Standard deviation 11.8 3.3 3.2 3.7
Chyba odhadu / Standard error 1.0 0.3 0.3 0.3
Minimum 42.3 80.3 80.3 74.0
Maximum 100.0 100.0 100.0 100.0
RK3/ GR3 RK6 / GR6 RK9/ GR9 RK12/ GR12
Pocet vzorktli / Sample size 144 144 144 144
Pramér / Average 63.1 73.4 76.7 78.6
Odchylka / Variance 229.2 67.4 66.5 61.8
Smeérodatna odchylka / Standard deviation 15.1 8.2 8.1 7.8
Chyba odhadu / Standard error 1.3 0.7 0.7 0.7
Minimum 20.0 50.3 51.6 49.0
Maximum 91.0 92.6 92.7 93.9
IK3/ GI3 IK6 / GI6 IK9 / GI9 IK12/ GI12
Pocet vzorkd / Sample size 144 144 144 144
Pramér / Average 5.9 6.3 6.6 6.8
Odchylka / Variance 0.9 0.5 0.6 0.5
Smérodatna odchylka / Standard deviation 0.9 0.7 0.7 0.7
Chyba odhadu / Standard error 0.1 0.1 0.1 0.1
Minimum 4.3 4.6 4.9 5.2
Maximum 8.2 8.6 8.5 8.8

EK/GE - energie kli€eni / germination energy
RK/GR - rychlost kliceni / germination rate
IK/GI — index kli¢eni / germination index

U odriid sladovnického jeEmene je zadouci kratké posklizriové do-
zravani, aby bylo mozno sladovat zrno brzy po sklizni. Slechténim
se podafilo ziskat odrudy, jejichz dormance je ¢asto ukonéena jiz
pfed sklizhovou zralosti. Posklizfiové dozravani Ize zkratit upravou
podminek skladovani.

Cilem prace bylo zjistit, jak ovliviiuje odrida, prostiedi a ro¢nik
energii kli€eni, rychlost kli¢eni a index kli¢eni.

2 MATERIAL A METODY

2.1 Odridy a pokusna stanovisté

Uroven poskliziiového dozravani u jarni formy jeCmene seté-
ho (Hordeum vulgare L.) byla v letech 2008—2011 sledovéana u 9
odriid uvedenych v tabulce (tab. 7). Pro sledovani fyziologickych
parametrd byl pouzit podil zrna nad sitem 2,5 mm. Vzorky pocha-
zely z pokusnych stanovist Qstfednl’ho kontrolniho a zkuSebniho
Ustavu zemédélského (UKZU2Z), jejichz popis je uveden v tabulce
(tab. 2).

2.2 Parametry kli¢eni

Poskliziiové dozravani bylo sledovano v terminech 3, 6, 9 a 12
tydn(i od data dosazeni pIné zralosti (BBCH 89). V priibéhu poskliz-
nového dozravani byly sledovany nasledujici parametry: energie kli-
¢eni (EK), rychlost kliceni (RK) a index kliceni (IK) (Basafova et al.,
1992; EBC, 2009; Psota et al., 1998; Psota a Sebanek, 1999).

2.3 Energie kli¢eni (EK)

Energie kli¢eni je indikator fyziologické kvality obilek, je to pocet
obilek (%), které vykli¢i za podminek definovanych testem (bé-
hem 72 h) (Basarova et al., 1992; EBC, 2009). Do Petriho misky
o vnitfnim priméru 85 mm byly vloZeny dva filtraéni papiry a 100
obilek, na které byly napipetovany 4 ml vody. Vzdy po 24, 48 a 72
h byly odstranény nakli¢ené obilky. Vysledek je primérem &tyf sta-
noveni.

EK (%) = (Nz4+NygtN70)

No4, Nyg, Ny, — poCet vykliGenych obilek po 24,48 a 72 h

In malting barley varieties, short post harvest maturation is desir-
able so that grain can be malted early after harvest. Breeding helped
to obtain varieties in which dormancy is often completed already be-
fore harvest maturity. Post harvest maturation can be reduced by
modification of the malting conditions.

The aim of the study was to determine how a variety, environment
and year affect germination energy, rate and germination index.

2 MATERIAL AND METHODS

2.1 Varieties and experimental localities

In 2008-2011, the level of post harvest maturation in spring
barley (Hordeum vulgare L.) was studied in nine varieties given
in the table (Table 1). For studying physiological parameters, siev-
ing fractions above 2.5 mm were used. Samples were obtained
from the testing stations of the Central Institute for Supervising and
Testing in Agriculture (CISTA), description of the sample is given
in table (Table 2).

2.2 Germination parameters

Post harvest maturation was studied in the terms 3, 6, 9 and 12 weeks
after achieving full maturity (BBCH 89). In the course of post harvest
maturation, following parameters were studied: germination energy
(GE), germination rate (GR) and germination index (GlI) (Basarova et al.,
1992; EBC, 2009; Psota et al., 1998; Psota and Sebanek, 1999).

2.3 Germination energy (GE)

Germination energy is an indicator of physiological quality of cary-
opses, it is a number of caryopses (%) that germinates under the
conditions defined by the test (Basafova et al.,1992; EBC, 2009).
100 caryopses were put into a Petri dish (internal diameter 85 mm)
with two filtration papers and 4 ml of water were added with a pipette.
The germinated caryopses were removed always after 24, 48 and 72
h. The result is the average of four determinations.

GE (%) = (Nps+Nyg+Ny,)

N, N4g, Ny, — NUMber of germinated caryopses after 24, 48 and 72 h
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Tab. 4 Analyza variance a odhady komponent rozptylu pro (2008-2011) / Table 4 Analysis of variance and estimated components of varian-
ce for (2008-2011)

Zdroj d.f. Primérny Hladina F hodnota / Odhad komponent rozptylu /
proménlivosti ctverec / vyznamnosti / F ratio Estimated components of variance

/ Squr_ce of Mean square Significant abs. rel. (%) e
variation level

Energie kli€eni 3 tydny po dosazeni pIné zralosti (BBCH 89) / Germinative energy 3 weeks after achieving full ripeness (BBCH 89)
Year 3 432.24 e 7.19 14.39 9.33 13.71
Site 6 784.69 e 13.06 37.29 24.18 23.92
Variety 8 739.01 o 12.30 42.43 27.51 23.10
Residual 126 60.11 60.14 38.99 7.57
Energie klieni 6 tydn( po dosazeni pIné zralosti (BBCH 89) / Germinative energy 6 weeks after achieving full ripeness (BBCH 89)
Year 3 41.63 o 5.92 1.32 11.30 1.28
Site 6 32.00 ek 4.55 1.27 10.89 1.00
Variety 8 39.35 e 5.59 2.02 17.33 1.23
Residual 126 7.04 7.04 60.48 0.89
Energie kli¢eni 9 tydnl po dosazeni pIné zralosti (BBCH 89) / Germinative energy 9 weeks after achieving full ripeness (BBCH 89)
Year 3 72.96 e 9.91 2.62 22.35 2.38
Site 6 32.42 e 4.41 1.13 9.63 0.93
Variety 8 15.99 * 217 0.53 4.55 0.50
Residual 126 7.36 7.45 63.47 0.94
Energie kli€eni 12 tydnd po dosazeni pIné zralosti (BBCH 89) / Germinative energy 12 weeks after achieving full ripeness (BBCH 89)
Year 3 122.66 e 12.33 4.46 28.22 3.94
Site 6 34.95 *x 3.51 1.09 6.92 0.99
Variety 8 13.29 NS 1.34 0.20 1.28 0.42
Residual 126 9.95 10.04 63.58 1.26
Poznamky / Notes

* P=0.05 d.f. stupné volnosti / degrees of freedom

** P=0.01 rel. relativni hodnota / relative value

bl P=0.001 abs. puvodni hodnota / original value

NS non significant s.e. chyba odhadu / standard error

Tab. 5 Analyza variance a odhady komponent rozptylu pro (2008-2011) / Table 5 Analysis of variance and estimated components of varian-
ce for (2008-2011)

Zdroj d.f. Primérny Hladina F hodnota / Odhad komponent rozptylu /
proménlivosti Gtverec / vyznamnosti / F ratio Estimated components of variance

/ So_ur_ce of Mean square Significant abs. rel. (%) e
variation level

Rychlost kliceni 3 tydny po dosazeni pIné zralosti (BBCH 89) / Germination rate 3 weeks after achieving full ripeness (BBCH 89)
Year 3 1549.41 o 17.33 46.44 19.15 40.91
Site 6 1734.18 e 19.39 74.73 30.81 46.81
Variety 8 602.82 *rx 6.74 32.10 13.23 18.85
Residual 126 89.43 89.27 36.81 11.25
Rychlost kliceni 6 tydni po dosazeni pIné zralosti (BBCH 89) / Germination rate 6 weeks after achieving full ripeness (BBCH 89)
Year 3 212.37 *rx 6.07 6.36 8.78 6.32
Site 6 490.76 e 14.03 23.01 31.78 14.67
Variety 8 164.90 e 4.71 8.12 11.22 5.16
Residual 126 34.98 34.91 48.21 4.40
Rychlost kli€eni 9 tydn po dosazeni pIné zralosti (BBCH 89) / Germination rate 9 weeks after achieving full ripeness (BBCH 89)
Year 3 552.14 e 17.88 32.24 34.36 27.38
Site 6 491.67 e 15.92 26.96 28.73 16.85
Variety 8 89.05 o 2.88 3.63 3.87 2.79
Residual 126 30.88 31.00 33.04 3.91
Rychlost kli¢eni 12 tydn(i po dosazeni pIné zralosti (BBCH 89) / Germination rate 12 weeks after achieving full ripeness (BBCH 89)
Year 3 517.59 ek 15.49 28.30 32.84 24.25
Site 6 362.67 e 10.85 23.07 24.45 13.54
Variety 8 84.40 * 2.53 3.17 3.68 2.65
Residual 126 33.42 33.64 39.03 4.24
Poznamky / Notes

* P=0.05 d.f. stupné volnosti / degrees of freedom

** P=0.01 rel. relativni hodnota / relative value

el P=0.001 abs plvodni hodnota / original value

NS non significant s.e. chyba odhadu / standard error
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2.4 Rychlost kliceni (RK)

Rychlost kli¢eni je vypoctena z vysledkd ziskanych pfi stanoveni
energie kli¢eni (4 ml) podle nasledujiciho vzorce. Vyjadfuje vitalitu
zkou$eného vzorku zrna je€mene i hloubku poskliziiového dozrava-
ni (Kastner, 1976; 1977; 1979).

RK (%) = (5ny,+3n,5+n5,)/5
N,4, Nyg, Ny — poCet vykliCenych obilek po 24,48 a 72 h

2.5 Index kliéeni (IK)

Index kli¢eni je vypocten z vysledkl ziskanych pfi stanoveni ener-
gie kli€eni (4 ml) podle nasledujiciho vzorce. Index kli€eni je bezroz-
mérné Cislo, vyjadfuje rychlost a rovhomérnost klieni.

IK = 10*(ny+Nyug+N55) / (Npy+2N,5+3N0,)
N,,, N4, Ny, — poCet vykli¢enych obilek po 24, 48 a 72 h

2.6 Statistické zpracovani vysledku

Vysledky byly statisticky zpracovany analyzou rozptylu dvojného
tfidéni, korelaéni a regresni analyzou. Odrady, mezi nimiz nebyl pro-
ké&zan statisticky vyznamny rozdil, jsou oznaeny ve sloupci pisme-
ny ,a — c* a tvofi homogenni skupiny. Statistické zpracovani provedl
Narodni odrlidovy Ufad UKZUZ v Brné.

3 VYSLEDKY A DISKUSE

Délka poskliziiového dozravani sice patfi k odrddovym znaklm,
ale je zaroven vyznamné ovlivnéna vnéjSimi podminkami, za kte-
rych vyrustala matefska rostlina (Cochrane, 1993). Vnéj$i podmin-
ky neovlivni vyraznym zplsobem nachylnost k pordstani u odrid
s rychlym ukonéenim dormance nebo u odrid s dlouhou dormanci.
Odrady s rychlym ukonéenim dormance jsou nachylné k porGstani
vzdy a naopak odridy s hlubokou dormanci jsou k porustani odol-
né i za podminek k pordstani vhodnych. Na zménu vnéjSich faktorl
reaguji nejvice odriidy z pfechodné skupiny. Vliv vnéjsiho prostredi
v prabéhu tvorby zrna mize mit za nasledek, ze se tyto odridy v né-
kterych letech chovaji jako odolné vici porlstani a v jinych letech
jako nachylné k porustani (Benech-Arnold, 2002). Vnéjsi podminky
v priibéhu vegetace jeémene mohou ovlivnit vSechny kvalitativni pa-
rametry zrna je€mene.

Bylo zjisténo (Sponton et al., 2005), Ze existuje vyznamny vztah
mezi indexem kli€eni a aktivitou nékterych hydrolytickych enzym
a hodnotou Kolbachova ¢&isla. Index kli¢eni je proto mozno vyuzit pro
pfedpovéd schopnosti zrn produkovat tyto enzymy v procesu slado-
vani a tak pfedpovédét kvalitu sladu.

V letech 2008-2011 bylo hodnoceno celkem 9 odrid sladovnic-
kého jeémene (Aksamit, Aktiv, Blanik, Bojos, Kangoo, Radegast,
Sebastian, Tolar a Xanadu) (tab. 7).

Hodnota energie kli¢eni 3 tydny po dosazeni plné zralosti se po-
hybovala v priibéhu testovani na prilmérné urovni 88,6 % (tab. 3).
Mezi sledovanymi odrtidami byly znaéné rozdily a hodnota energie
kli¢eni se pohybovala v rozpéti 42-100 %. Proménlivost hodnot
energie kli¢eni (tab. 4) byla ovlivnéna 3 tydny po dosazeni pIné zra-
losti stanovistém z 24 % a odriidou z 28 %. Nejvyssi primérné hod-
noty energie kli€eni 3 tydny po dosazeni pIné zralosti byly zjistény
u odrdd Aktiv, Kangoo, Sebastian a Xanadu, které se tak statisticky
vyznamné ligily od véech ostatnich odriid v souboru (tab. 7). Sest
tydnl po dosazeni pIné zralosti byla hodnota tohoto znaku na urov-
ni 97 % a stejné hodnoty byly naméfeny i v nasledujicich tydnech
(tab. 3). Sest tydn(i po dosazeni piné zralosti byl tento znak ovlivnén
prostiedim jen z 11 % a odriidou ze 17 % (tab. 4). V prabéhu po-
skliziiového dozravani se vliv prostfedi na energii kli¢eni postupné
snizoval, 12 tydn( po dosazeni pIné zralosti byl na Urovni 7 % (tab.
4). Naopak v 9. a 12. tydnu po dosazeni plné zralosti narustal vliv
roCniku a dosahl hodnot 22 % resp. 28 % (tab. 4). Ve 12. tydnu po
dosazeni pIné zralosti byl uz rozdil mezi odrlidami statisticky nepra-
kazny (tab. 7).

Hodnoty znakl popisujicich intenzitu klieni, tj. rychlost a index
kliceni, se postupné zvySovaly a 12 tydn( po dosazeni plné zra-
losti byly na drovni 78,6 % resp. 6,8 (tab. 3). Ve 12. tydnu po do-
sazeni pIné zralosti kli¢ily véechny odrddy rychle a rovnomérné.
Proménlivost znak(l rychlost a index kli¢eni (tab. 5, 6) byla 3 tydny
po dosazeni pIné zralosti ovlivnéna prostfedim z 31 % resp. 30 %.
Nejvy$si primérna hodnota rychlosti kli¢eni 3 tydny po dosazeni
plné zralosti byla zjisténa u odridy Xanadu, ktera se tak statisticky

2.4 Germination rate (GR)

Germination rate is calculated from results obtained at the deter-
mination of germination energy (4 ml) pursuant to the following for-
mula. It gives vitality of a tested barley grain and deepness of post
harvest maturation (Kastner, 1976; 1977; 1979).

GR (%) = (5n,,+3n,5+n,,)/5
N.,, N4g, Ny, — NUMber of germinated caryopses after 24, 48 and 72 h

2.5 Germination Index (Gl)

Germination Index is calculated from the results obtained at the
determination of germination energy (4 ml) pursuant to the following
formula. Germination Index is an undimensional number, it gives rate
and uniformity of germination.

Gl = 10%(Nyy+Nyg+N7,) / (Npy+2N,5+3N0,)
N,4, N4g, Ny — NUMber of germinated caryopses after 24, 48 and 72 h

2.6 Statistical evaluation of results

The results were statistically evaluated using the two-way analysis
of variance, correlation and regression analyses. The varieties be-
tween which statistically significant difference was not defined are in
the column marked with the letters “a — c“; they form homogeneous
groups. Statistical evaluation was conducted by the National Plant
Variety Office of CISTA in Brno.

3 RESULTS AND DISCUSSION

The length of the post harvest maturation belongs to the varietal traits
but at the same time it is significantly affected by the external conditions
under which the maternal plant grew (Cochrane, 1993). The external con-
ditions do not significantly affect the susceptibility to sprouting in varieties
with fast breaking of dormancy or in the varieties with long dormancy. Va-
rieties with fast break of dormancy are always sensitive to sprouting and
on the contrary, the varieties with deep dormancy are resistant even un-
der the conditions favorable for sprouting. Change of the external factors
is mostly reflected by the varieties from the transitory group. The effect
of the environment in the course of grain formation can cause that these
varieties behave in some years as resistant to sprouting and in others as
sensitive to sprouting (Benech-Arnold, 2002). During barley vegetation,
external conditions can affect all quality parameters of barley grain.

A significant relationship between the germination index and activ-
ity of some hydrolytic enzymes and the value of Kolbach index was
confirmed (Sponton et al., 2005). Therefore, the germination index can
be used for the prediction of grain capacity to produce these enzymes
during the malting process and thus for prediction of malt quality.

In 2008-2011, a total set of nine varieties of malting barley (Ak-
samit, Aktiv, Blanik, Bojos, Kangoo, Radegast, Sebastian, Tolar, and
Xanadu) was assessed (Table 1).

The value of germination energy three weeks after achieving full ma-
turity during testing varied at an average level of 88.6% (Table 3). The
varieties under study exhibited considerable differences and the value
of germination energy moved in the range of 42—100%. Variability of
germination energy (Table 4) was affected three weeks after achieving
full maturity by the location from 24% and variety from 28%. The high-
est average values of germination energy three weeks after achieving
full maturity were found in the varieties Aktiv, Kangoo, Sebastian, and
Xanadu, differing statistically significantly from all other varieties in the
set (Table 7). The value of this parameter six weeks after achieving
full maturity was at the level of 97% and the same values were also
measured in following weeks (Table 3). Six weeks after achieving full
maturity, this trait was affected by the environment only from 11% and
by the variety from 17% (Table 4). In the course of post harvest matura-
tion, the effect of the environment on germination gradually declined,
12 weeks after achieving full maturity it was at the level of 7% (Table 4).
Conversely, in the 9th and 12th weeks after achieving full maturity the
effect of year grew and it achieved values of 22 % and 28%, respective-
ly (Table 4). The difference between the varieties in the 12th week after
achieving full maturity was already statistically non-significant (Table 7).

The values of traits describing intensity of germination, i.e. germina-
tion rate and index increased gradually and 12 weeks after achieving
full maturity they were at the level of 78.6% and. 6.8%, respectively
(Table 3). In the 12th week after achieving full maturity all varieties ger-
minated quickly and evenly. Variability of parameters rate and index
of germination (Table 5, 6) were three weeks after achieving full matu-
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Tab. 6 Analyza variance a odhady komponent rozptylu pro (2008-2011) / Table 6 Analysis of variance and estimated components of varian-

ce for (2008-2011)

Zdroj d.f. Pramérny Hladina
proménlivosti ctverec / vyznamnosti /
/ Source of Mean square Significant
variation level

F hodnota /
F ratio

Odhad komponent rozptylu /
Estimated components of variance

abs. rel. (%)

S.e.

Index kliéeni 3 tydny po dosazeni pIné zralosti (BBCH 89) / Germination index 3 weeks after achieving full ripeness (BBCH 89)

Year 3 8.03 e 21.24 0.24 25.39 0.21
Site 6 6.75 *rx 17.85 0.28 29.51 0.18
Variety 8 1.11 o 2.93 0.05 4.86 0.03
Residual 126 0.38 0.38 40.24 0.05
Index kli€eni 6 tydnt po dosazZeni piné zralosti (BBCH 89) / Germination index 6 weeks after achieving full ripeness (BBCH 89)
Year 3 3.59 o 12.83 0.11 17.92 0.10
Site 6 3.83 ek 13.66 0.18 30.29 0.12
Variety 8 0.74 * 2.63 0.03 4.81 0.02
Residual 126 0.28 0.28 46.99 0.04
Index kliéeni 9 tydnt po dosazZeni piné zralosti (BBCH 89) / Germination index 9 weeks after achieving full ripeness (BBCH 89)
Year 3 4.43 e 17.18 0.25 33.37 0.21
Site 6 4.02 e 15.58 0.22 28.85 0.14
Variety 8 0.68 * 2.65 0.03 3.52 0.02
Residual 126 0.26 0.26 34.26 0.03
Index kliéeni 12 tydni po dosazeni pIné zralosti (BBCH 89) / Germination index 12 weeks after achieving full ripeness (BBCH 89)
Year 3 3.57 e 13.01 0.19 27.99 0.17
Site 6 3.13 e 11.43 0.18 26.79 0.12
Variety 8 0.79 *x 2.88 0.03 4.71 0.02
Residual 126 0.27 0.28 40.51 0.03
Poznamky / Notes

* P=0.05 d.f. stupné volnosti / degrees of freedom

** P=0.01 rel. relativni hodnota / relative value

bl P=0.001 abs. puvodni hodnota / original value

NS non significant s.e. chyba odhadu / standard error

vyznamné liSila od v§ech ostatnich odriid ve sledovaném souboru
(tab. 7). V prlbéhu 12 tydenniho sledovani ovliviiovalo prostredi
oba sledované parametry z 24—-31 %. Vliv odridy na rychlost kli-
¢eni postupné klesal, naopak vzristal vliv roéniku. Podobna ten-
dence je i u indexu kli¢eni. V devatém a dvanactém tydnu po do-
sazeni plné zralosti je index kli¢eni ovlivnén z 32-34 % ro¢nikem
a z 24-28 % prostredim.

4 ZAVER

Délka poskliziiového dozravani patfi k odridovym znak(m, ale
je zaroven vyznamné ovlivnéna vnéj$imi podminkami. Pribéh po-
Casi v letech 2008-2011 vyrazné ovlivnil kvalitu sklizeného je¢-
mene. Rychlost a jednotnost kli€eni obilek jeémene po sklizni se
postupné zlepSovala. Hodnota energie kliceni 3 tydny po dosaze-
ni plné zralosti se pohybovala v prabéhu testovani na primérné
urovni 88,6 %, 12 tydn(l po dosazeni pIné zralosti dosahla primér-
né hodnoty 97,3 %. Vliv odriidy na rychlost kli¢eni postupné kle-
sal, naopak vzristal vliv roéniku. Ve dvanactém tydnu po dosazeni
plné zralosti je tento znak ovlivnén z 28 % ro¢nikem, vliv odrady
je zanedbatelny.

PODEKOVANI

Vysledky byly ziskany vyuZitim poskytnuté institucionalni pod-
pory Ministerstva zemédélstvi Ceské republiky na dlouhodoby
koncepéni rozvoj VUPS a v ramci feSeni projektu Operaéniho
programu konkurenceschopnost pro vzdélavani ,Partnerstvi pro
podporu popularizace VaV a dal$i vzdélani v oblasti v oblasti
popularizace transferu technologii v oblasti zemédélstvi, potravi-
narstvi a bioenergetiky” (CZ.1.072.3.0035.0013). Tento projekt je
spolufinancovan Evropskym socialnim fondem a statnim rozpo¢-
tem Ceské republiky.

Statistické zpracovani vysledkd proved! Ing. J. Hartmann, CSc.
Podé&kovani patfi té2 pracovnikim zkuebnich stanic UKZUZ za po-
skytnuti pokusného materialu.

rity affected by the environment from 31% and 30%, respectively. The
highest average value of germination rate three weeks after achieving
full maturity was found in the variety Xanadu, differing thus statistically
significantly from all other varieties in the studied set (Table 7). In the
course of 12-week study, the environment affected both studied pa-
rameters from 24-31%. The effect of the variety on the germination
rate gradually declined, on the contrary, the effect of the year grew.
A similar trend was also recorded in the germination index. In the ninth
and twelfth weeks after achieving full maturity, germination index was
affected by the year from 32—34% and environment from 24—28%.

4 CONCLUSIONS

The length of post-harvest maturation belongs to the varietal
traits, it is significantly affected by external conditions. The course
of weather in 2008-2011 significantly affected quality of harvested
barley. Germination rate and uniformity of caryopses gradually im-
proved after harvest. The value of germination energy three weeks
after achieving full maturity ranged during testing at an average
value of 88.6%, 12 weeks after achieving full maturity it reached an
average value of 97.3%. The effect of variety on germination rate
gradually declined, on the contrary, the effect of year grew. In the
twelfth week after achieving full maturity, this trait was affected by the
year from 28%, the effect of variety was negligible.
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Tab. 7 Testovani vyznamnosti jednoduchych kontrast pro (2008—2011) / Table 7 Multiple range analysis for (2008-2011)

Odrada / n EK3/GE 3 EK6/ GE 6 EK9/GE 9 EK12/ GE 12
Lty Pramér / HG Pramér / HG Pramér / HG Pramér / HG
Average Average Average Average

Aksamit 16 76.87 a 92.74 a 95.94 alb 97.01 a
Aktiv 16 95.16 c 98.02 b 98.31 b 98.51 a
Blanik 16 79.50 a 95.87 b 96.96 a|b 97.23 a
Bojos 16 90.06 b 97.54 b 98.07 a|b 98.28 a
Kangoo 16 92.97 97.07 b 96.86 alb 96.41 a
Radegast 16 81.53 al|b 96.55 b 97.27 a|b 97.74 a
Sebastian 16 94.14 c 97.24 b 97.51 al|b 97.52 a
Tolar 16 89.10 b 97.07 b 97.65 a|b 97.82 a
Xanadu 16 91.53 95.75 b 95.18 a 95.61 a
LSD (0.05) 8.65 2.96 3.03 3.52

RK3/GR 3 RK6/GR 6 RK9/GR9 RK12/GR 12
Aksamit 16 48.37 a 65.19 a 71.20 a 74.34
Aktiv 16 66.25 b | c 74.69 b 78.06 b 80.64 b
Blanik 16 56.97 al|b 74.02 b 77.67 b 80.37 b
Bojos 16 64.52 b 75.16 b 79.36 b 81.24 b
Kangoo 16 62.52 b 73.69 b 76.41 a|b 77.69 al|b
Radegast 16 57.64 al|b 75.71 b 78.31 b 81.25 b
Sebastian 16 64.33 b 71.61 b 76.18 b 78.04 b
Tolar 16 62.22 b 70.96 al|b 75.69 b 78.16 b
Xanadu 16 68.77 72.86 b 75.66 b 77.29 b
LSD (0.05) 10.55 6.60 6.20 6.45

IK3/GI3 IK6/Gl6 IK9/GI9 IK12/ Gl 12

Aksamit 16 5.25 a 5.86 a 6.15 a 6.38 a
Aktiv 16 5.77 al|b 6.33 alb 6.68 al|b 6.93 a|b
Blanik 16 5.87 al|b 6.42 a|b 6.72 b 7.00 b
Bojos 16 5.90 al|b 6.39 a|b 6.83 b 7.02 b
Kangoo 16 5.62 al|b 6.35 al|b 6.61 al|b 6.76 al|b
Radegast 16 5.82 al|b 6.53 b 6.80 b 7.13 b
Sebastian 16 5.70 al|b 6.11 a|b 6.56 b 6.72 b
Tolar 16 5.73 al|b 6.05 b 6.49 b 6.74 b
Xanadu 16 6.25 b 6.29 b 6.71 b 6.81 b
LSD (0.05) 0.69 0.59 0.57 0.58
HG - homogenni skupiny / homogenous group
LSD — nejmensi vyznamny rozdil / least significant difference test
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