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V letech 2009 a 2010 byl hodnocen vliv tfi riiznych padnich vidhovych reziml (sucho, pozdni sucho a mokro) na obrannou reakci ge-
notypll jeémene hodnocenou pomoci isomerd vitaminu E, které byly stanoveny metodou HPLC s fluorescenéni detekci. Pro studium
obsah isomer( vitaminu E (8,38 mg.kg™) v priméru odriid a roku byl zjiStén v rezimu pozdni sucho. Nejvy$si aktivita vitaminu E v rezimu
sucha i pozdniho sucha mély genotypy Wabet a KM 1057 (9,43 az 18,08 mg.kg™"), coz je mozné povazovat za projev jejich silngjsiho
obranného mechanismu vici stresu ze sucha.

Ehrenbergerova, J. — Pluhackova, H. — Bradacova, M. — Bfezinova Belcredi, N. — BeneSova, K. — Vaculova, K: Changes in vitamin
E content and activity as a response to abiotic stress in spring barley varieties. Kvasny Prum. 57, 2011, No. 7-8, p. 196-202.

In 2009 and 2010 the effects of three different soil moisture regimes (drought, late drought and wetness) on the defense response of
barley genotypes assessed using vitamin E isomers were studied. Vitamin E isomers were determined with the HPLC method with flu-
orescent detection. Genotypes with contrasting malting quality (hulled Kompakt, Krona, Wabet and hulless Wanubet, KM 1057) were
included in the study. The lowest content of vitamin E isomers (8.38 mg.kg™') on average of varieties and years was found in the late
drought regime. The highest vitamin E activity in the drought and late drought regimes was found in the genotypes Wabet and KM 1057
(9.43 to 18.08 mg.kg™), which may be due to their stronger defense mechanism to drought-induced stress.

Ehrenbergerova, J. — Pluhaékova, H. — Bradaéova, M. — Biezinova Belcredi, N. — Bene$ova, K. — Vaculova, K:. Die Anderungen
des Gehalts an Vitamin E und seiner Aktivitat als die Reaktion auf den abiotischen Stress der Sommergerstensorten. Kvasny
Prum. 57, 2011, Nr. 7-8, S. 196-202.

Im Zeitraum 2009 und 2010 wurde der Einfluss von drei unterschiedlichen Bodenbewasserungsregimen (Diirre, Spatdirre und Nasse)
auf die Abwehreaktion der Gerstengenotype verfolgt. Die Abwehreaktion wurde mittels Isomere des Vitamins E durch die HPLC Methode
mit einem Fluoreszenz Detektor ausgewertet. Flr das Studium wurden Genotype mit einer Kontrastmalzqualitat (spelzige Gerstensorten
Kompakt, Krona, Wabet und spelzlose Gerste Wanubet, KM 1057) ausgewahlt. Im Sorten- und Jahresdurchschnitt wurde der niedrigste
Gehalt an Isomer des Vitamin E (8,38 mg.kg') im Regime Spétdurre festgestellt. Die héchste Aktivitat des Vitamin E in den Regimen
Dirre und Spétdirre haben die Genotype Wabet und KM 1057 (von 9,43 bis zu 18,08 mg.kg') nachgewiesen, was als eine Reaktion

ihrer starkeren Abwehrreaktion gegen die Diirre betrachtet werden darf.

Kli¢ova slova: viahovy reZim, isomery a-, B-, y-, &-, tokoferol, toko-
trienol

1 UVOD

Stresové faktory plsobici na rostliny mohou zpomalovat Zivotni
funkce, nebo vést az k uhynuti rostlin. Mohou byt dvoji povahy: bio-
tické: utok patogena, negativni plisobeni okolnich organismu aj. a ne-
biotické povahy: pesticidy, intenzivni teplo, chlad, mraz, tézké kovy,
0z0n, trvalejsi zamokreni, sucho apod. Stres ze sucha i mokra ovliv-
fiuje v rostlinach celou fadu procesu, které vedou ke zménam meta-
bolickych aktivit. Z hlediska reakci rostlin na sucho je dulezita délka
jeho trvani a intenzita i faze vyvoje rostlin, ve které jsou rostliny suchu
vystaveny. Intenzita stresu zavisi nejen na mnozstvi dostupné vody
v prostfedi, vitalit&, ale i na genotypu rostliny, tj. na vlastnostech od-
r(dy.

Vétsina procesU, probihajicich v rostlinach pfi stresu ze sucha,
sméruje k zamezeni ztrat vody z bunék, ale aktivuji se i enzymatické
systémy [1], které sméruji k ochrané pfed oxidativnim stresem.V d0-
sledku stresu dochazi ke katalyze reakci vedoucich k prudké pre-
chodné tvorbé velkého mnozstvi aktivnich forem kysliku (AFK, ROS
— reactive oxygen species), napf. peroxidu vodiku, superoxidového
nebo hydroxylového radikalu, coz vede k poru$e rovnovahy mezi pro-
dukci a odbouravanim aktivnich forem kysliku. Oxidacni stres vede
k inhibici proteosyntézy, vzniku mutaci, poruseni struktury bunéénych
membran, denaturaci proteind a inhibici antioxidaénich enzymd.

Ochranu pred oxidativnim poskozenim organismu AFK zajiStuje
fada antioxidativnich obrannych systémud enzymové povahy — napf.

Keywords: moisture regime, a-, 3-, y-, 0- isomers, tocopherol, to-
cotrienol

1 INTRODUCTION

Stress factors affecting plants can impede vital functions or lead to
plant death. Their nature can be biotic: attack of a pathogen, negative
affect of the external organisms, etc. and abiotic: pesticides, intensive
drought, cold, frost, heavy metals, ozone, more permanent water log-
ging, drought, etc. Stress induced by drought or wetness affects many
processes in plants and leads to changes in metabolic activities. Plant
response to drought is affected by the length of its duration, its inten-
sity and a plant development phase when plants are exposed to
drought. Stress intensity depends not only on the amount of available
water in the environment and vitality but also on a plant genotype. i.e.
plant characters.

Most of stress-induced processes in plants tend to reduce water
losses from cells but enzymatic systems for protection against oxida-
tive stress are also activated [1]. As a result of stress, reactions leading
to intense temporary formation of a huge amount of oxygen active
forms are catalyzed (ROS — reactive oxygen species), e.g. hydrogen.
peroxide, superoxide or hydroxyl radical, which leads to the disruption
of balance between production and degradation of active oxygen
forms. Oxidative stress leads to the inhibition of proteosynthesis, ori-
gin of mutations, disorder of the cell membrane, protein denaturation
and inhibition of antioxidant enzymes.

Protection against oxidative damage of the organism by ROS is
ensured by a number of antioxidative defense systems of the enzy-
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peroxidasa, superoxid dismutasa aj. a neenzymové povahy — as-
korbat, beta-karoten, rostlinné hormony [2], nékteré aminokyseliny
[3], redukovany glutation a rovnéz vitamin E.

Aktivni obrana rostlin, kterd omezuje negativni dopad stresort, vede
ke spusténi fetézce zmeén, oznacovanych jako stresové reakce. Po-
znani téchto reakci je dulezité pro hodnoceni [4] a vybér odrid zemé-
délskych plodin péstovanych ve stresovych podminkach pribéhu po-
vétrnosti, velmi odlisného od primérnych dlouhodobych podminek.

V rédmci ochranného mechanismu pfed oxidativnim poskozenim
jsou v rostlinach syntetizovany i jednotlivé izomery vitaminu E, to-
kochromanoly, zkracené nazyvané tokoly. RozliSuji se dvé kategorie
tokochromanol(i [5], které jsou tvofeny osmi homology, a-, 8-, y-, &-
tokoferoly (T) a tokotrienoly (T3) [6]. Rostliny jsou bohaté na tokoly,
obilniny vétSinou obsahuji vSech osm isomer( (alfa, beta, gama
a delta).V listech vSech rostlin a pfedevSim v semenech dvoudéloz-
nych, ale i jednodéloznych jsou pfitomny tokoferoly. Vyskyt toko-
trienoll je omezen na semena jednodéloznych, vyjimeéné i dvoudé-
loznych rostlin. Jednd se o skupinu lipofilnich antioxidant(
syntetizovanych pouze v rostlinach [6]. V praci [7] zjistili, ze zelena
biomasa jeCmene, na rozdil od obilek, neobsahuje tokotrienoly.
U rostlin je jedinym dobfe doloZzenym ucinkem vitaminu E ochrana
lipidd pfed oxidaci. V uskladnénych semenech béhem dormance
a kli¢eni, zabraruje Zluknuti tuk( [8, 9,10]. Molekula vitaminu E je
soucasti bunééné lipidové membrany, odkud efektivné inhibuje pe-
roxidaci lipidovych fetézcl a zabrarfiuje pomnoZovani peroxidovych
radikalti [11]. Za antioxidant s nejvétsi biologickou aktivitou je pova-
zovan a-tokoferol [12,13]. Ve vysledcich praci [6,14,15,16] se uvadi,
ze na zékladé mnoha studii byl prokazan vyssi antioxida¢ni potencial
u a-tokotrienolu. Rovnéz se uvadi[11], Ze a-tokotrienol je povazovan
za lep$i zachycovaé radikald, nez a-tokoferol. Antioxida¢ni funkce
vitaminu E spoc¢iva v pfedchazeni reakcim volnych radikal( a tim in-
hibici oxidace lipid(i [13,17]. Tokoferoly a B-tokotrienoly jsou koncent-
rovany hlavné v kli¢ku, zatimco obalové vrstvy a endosperm obsa-
huji znaény podil [6,16,18] ostatnich tokoll. Funkce vitaminu E
u rostlin neni jesté zcela prostudovana, jeho optimalni denni pfijem
pro ¢lovéka je 10—15mg[19], pfi€emz obiloviny jsou hlavnim zdrojem
tokolll a vitaminu E pro lidstvo [16]. MnozZstvi vitaminu E
v obilkach je¢mene je az ¢étyfikrat vy$si, nez u jinych obilnych druht
[20]. Tato skute€nost je jisté pozitivni i pro produkty z je€mene vyra-
béné. Je popsana rozsahla zména kvantity riznych tokoll v je¢meni,
ale existuje malo praci, které ukazuji na variabilitu v koncentraci to-
koll mezi riznymi jeémennymi genotypy v odli§nych rdstovych pod-
minkach [16].

Cilem této prace bylo hodnoceni reakce odrid béhem jejich pés-
tovani ve tfech odli$nych pldnich vidhovych rezimech (sucho, pozdni
sucho a mokro). Obranné reakce odrlid na stres z rdznych vlahovych
rezimud byly posuzovany na zakladé zmén aktivity a obsahu isomer(
vitaminu E.

2 MATERIAL A METODY

2.1 Rostlinny material

Vybrali jsme ¢tyfi odriidy sladovnické kvality: Kompakt a Krona, od-
r(idy nesladovnické kvality: Wabet a Wanubet s waxy genem (prove-
nience USA) a linii KM1057. Genotypy Wanubet a KM1057 jsou bez-
pluché. Odrudy/linie byly vybrany podle jejich odlisné sladovnické
kvality a rovnéz podle odlisného obsahu tokolli (tokoferoll a tokotri-
enolu), ktery jsme zjistili v pfedchozim vyzkumu [18].

2.2 Metodika pokusu

Osivo odrld bylo vyseto po sedmi semenech do deviti nadob (tfi
nadoby tvofily vzdy jedno opakovani) o objemu cca 8 | zeminy. Nadoby
byly umistény na pozemek v arealu MENDELU pod vybudovany pfi-
stfeSek k zamezeni pfistupu destovym srazkam. Zpocatku byla v ce-
1ém experimentu udrzovana zalivka na 75 % plného nasyceni pudy
— rezim (varianta) ,,mokro“ (100% nasyceni bylo stanoveno vahové
po Uplném nasyceni pldy vodou oproti Uplnému vysuseni). Po ¢tyfech
tydnech na konci faze odnozovani (DC 32—35) byl u tfetiny nadob za-
veden rezim omezené zalivky (30 % pIného nasyceni pldy) — rezim
»sucho®. Tretim rezimem bylo ,,pozdni sucho®, kde byla zalivka
snizena na 30 % plného nasyceni pldy az na po¢atku faze metani
(DC 47-49). Vlahové rezimy variant byly udrzovany az do konce ve-
getace. Ostatni podminky zUstaly zavislé na pribéhu povétrnosti
a aktualnim pocasi (délka dne, teplota, vlhkost vzduchu, tab. 7).

Na analyzy obsahu jednotlivych izomer( vitaminu E (alfa-tokoferol(
—T aalfa-tokotrienolt —T3) byly odebrany obilky v pIné zralosti, vzorky
byly precistény, homogenizovany a vysledné hodnoty byly pfepocéteny

matic character — e.g. peroxidase, superoxide dismutase, etc and
non-enzymatic character — ascorbate, beta-caroten, plant hor-
mones [2], some amino acids [3], reduced glutation and vitamin E.

Active plant defense which restricts a negative impact of stressors,
leads to triggering of a chain of changes denoted as stress reactions.
Knowledge of these reactions is important for the evaluation [4] and
selection of varieties of agricultural crops grown under the stress con-
ditions of the weather course, very different from the average long-
term conditions. Within the protective mechanism against oxidative
damage also vitamin E isomers, tocochromanols, shortly tocols, are
synthesized. Tocochromanols are split into two categories [5] formed
by eight homologues, a-, 8-, y-, 6-tocopherols (T) and tocotrienols
(T3), [6]. Plants are abundant in tocols, cereals usually contain all
eight isomers (alpha, beta, gamma and delta), tocopherols occur in
leaves of all plants and mainly seeds of dicotyledonous and mono-
cotyledonous plants. The occurrence of tocotrienols is limited to seeds
of monocotyledonous, exceptionally dicotyledonous plants. It is a
group of lipophilic antioxidants synthesized only in plants [6]. The au-
thors [7] found that green biomass of barley compared to caryopses
do not contain tocotrienols. Protection of lipids against oxidation is
the only well documented effect of vitamin E in plants, it prevents ran-
cidation of fats in stored seeds during dormancy and germination [8,
9,10]. Molecule of vitamin E is a part of the cell lipid membrane from
where it effectively inhibits lipid chain peroxidation and prevents per-
oxide radical reproduction [11]. a-tocopherol is considered to be an
antioxidant with the highest biological activity [12,13]. The authors in
their studies [6,14,15,16] confirmed higher antioxidant potential in a-
tocotrienol. a-tocotrienol is considered a better radical scavenger than
a-tocopherol [11]. Vitamin E antioxidant prevents free radical reac-
tions inhibiting thus lipid oxidation [13,17]. Tocopherols and p-to-
cotrienols are concentrated mainly in a germ, while the pericarp and
endosperm contain a considerable portion of other tocols [6,16,18,].
Function of vitamin E in plants has not been fully investigated yet, its
optimal daily intake is 10—15 mg [19], the main source of tocols and
vitamin E for humans being cereals [16]. The amount of vitamin E in
barley caryopses is even four times higher than in other cereals [20].
This is definitely a positive fact for products made from barley. A con-
siderable change in quantity of different tocols in barley has been de-
scribed but only a few papers have investigated variability in tocol
concentrations in various barley genotypes under different growing
conditions [16].

The aim of this study was to evaluate response of varieties during
their growing in three different soil moisture regimes (drought, late
drought and wetness). The defensive responses of varieties to stress
in different moisture regimes were assessed based on changes in vi-
tamin E activity and isomer contents.

2 MATERIAL AND METHODS

2.1 Plant material

Four malting varieties were selected: Kompakt and Krona, non-
malting varieties: Wabet and Wanubet with the waxy gene (US prove-
nience) and the line KM1057, Wanubet and KM1057 are hulless geno-
types. The varieties/lines were selected based on their different
malting quality and different content of tocols (tocopherols and to-
cotrienols) as detected in our previous research [18].

2.2 Experiment method

Seed of the varieties was sown per seven pieces into nine contain-
ers (three containers always formed one replication) with the volume
of ca 8 | of soil. The containers were placed on the lot in the facility
of MENDELU under a shelter to prevent the access of rainfall. Initially
watering to 75 % of the full soil saturation was maintained in the whole
experiment, so-called “wetness regime”. (100% saturation was as-
sessed by weight after full soil saturation with water compared to the
complete drought). After four weeks, at the end of the tillering phase
(DC 32-35), the regime of restricted watering was introduced in one-
third of containers (30 % of full soil saturation) — “drought regime”.
The other, third regime was “late drought” where watering was re-
duced to 30 % of full soil saturation only at the beginning of the phase
heading (DC 47—-49). Moisture regimes were kept till the end of veg-
etation. The other conditions depended on the course of weather and
actual weather conditions (length of day, temperature, air moisture,
Table 1).

For the analyses of contents of the individual vitamin E isomers (al-
pha-tocopherols — T and alpha-tocotrienols — T3), caryopses were
taken in full ripeness, samples were purified, homogenized and re-
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Tab. 1 Povétrnostni podminky vegeta¢niho obdobi v letech 2009 a 2010 / Weather conditions of the vegetation period in 2009 and 2010

2009 2010 2009 2010
Tprum./ |[Tmax]/Tmin.,| Tprim./ [T max|T min. Srazkovy thrn/ Srazkovy uhrn /
mean mean Precipitation sum | Precipitation sum

[mm] [mm]

Brezen / March 4.3 8.0 1.1 41 9.3 | -0.8 71.9 15.3

Duben / April 13.8 20.6 7.0 9.3 15.4 3.2 12.2 39.0

Kvéten / May 14.8 211 8.3 13.0 17.3 9.5 447 106.6

Cerven / June 16.5 222 | 11.2 17.8 231 | 122 94.8 121.7

Cervenec / July 19.6 26.7 | 134 21.0 27.2 | 151 69.1 90.7

Suma / Sum 292.6 373.3
Pramér / Mean 13.8 19.7 8.2 13.1 18.4 7.8

na 100% susSinu obilky. Vysledky uvedené v predlozené praci jsou
pramérné hodnoty ziskané ze dvou stanoveni.

2.3 Metodika stanoveni obsahu isomerd vitaminu E (tokolii)

Princip metody. Stanoveni tokoferolt (T) a tokotrienolt (T3) je za-
loZeno na alkalickém zmydelnéni a extrakci nezmydelnéného podilu
vzorku diethyletherem s naslednym stanovenim metodou HPLC s flu-
orescenéni detekci [21]. Aktivita vitaminu E byla vyjadfena v mg a-
tokoferol-ekvivalentu (soucet jednotlivych tokoferolll a tokotrienolli se
zohlednénim jejich biologické aktivity) [22]. Obsah B a y-tokotrienolu
byl stanovovan spole¢né, nebot bylo zjisténo, Ze spole¢né (B+y) sta-
noveni je z chromatografického hlediska vyhodnéjsi z divodu lepsi
stability systému a reprodukovatelnosti vysledkl. V sou¢asné dobé
je toto stanoveni nejvyuzivanéjsi.

Statistické hodnoceni vysledkU aktivity a obsahu isomer( vitaminu
E bylo provedeno v programu StatSoft, Inc. (2009), STATISTICA, ver-
sion 9.0.analyzou variance (ANOVA) a mnohonasobnym porovnanim
pramérnych hodnot pomoci Fischerova testu (LSD-test) pfi P = 0,05.

3 VYSLEDKY A DISKUSE

Na zakladé hodnoceni ziskanych experimentalnich vysledkl po-
moci analyzy variance (ANOVA — tab. 2) byly zjistény vyznamné az
velmi vysoce vyznamné vlivy odrd, reziml péstovani a rokl na va-
riabilitu aktivity a obsahu jednotlivych isomerd vitaminu E (pouze vliv
rezimu péstovani na obsah a-tokoferolu byl nevyznamny). Rovnéz
vétsina interakcei faktor( ovlivnila sledované parametry statisticky vy-
znamnym zpUsobem. Na zakladé téchto vysledkd pak bylo mozné
zjistit naslednym testovanim mnoho vyznamnych rozdild v priimér-
nych hodnotach aktivity a obsahu jednotlivych isomer( vitaminu E,
zpUsobenych faktory zafazenymi v této praci (odridy, roky, rezimy
a jejich interakce).

3.1 Hodnoceni odriid v rezimech péstovani

Aktivita vitaminu E v suchém reZimu pokusu v roce 2009 (tab. 3)
byla vyznamné vyssi (18,08 mg.kg™") v obilkach linie KM 1057 oproti
v8em dal$im odrlidam, které tvorily homogenni skupinu s rozsahem
V roce 2010 naopak tato odrlida vykazala nejvy$si aktivitu ze souboru
(8,11 mg.kg"), nevyznamné nizsi hodnoty mély odriidy Kompakt, Wa-
nubet a Krona (6,40-8,00 mg.kg™"). Statisticky vyznamné niz§i aktivitu
méla v tomto roce linie KM 1057 (4,01 mg.kg™). Tato linie se v8ak

sulting values were calculated to 100% of the caryopsis dry matter.
Results given in the present study are average values obtained from
two determinations.

2.3 Method for the determination of vitamin E isomer content
(tocols)

The principle of the method for the determination of tocopherols
(T) and tocotrienols (T3) is based on alkaline saponification and ex-
traction of the non-saponified portion of the sample by diethylether
with following determination using the HPLC method with fluorescent
detection [21]. Vitamin E activity was expressed in mg of a-tocopherol-
equivalent (sum of the individual tocopherols and tocotrienols with
respect to their biological activity [22]. Content of S and y -tocotrienols
was determined together as it has been found that joint (8+y) deter-
mination is more advantageous from the chromatographic view due
to a better stability of the system and result reproducibility. Today this
is the most commonly used determination.

Statistical evaluation of the results of activity and content of vitamin
E isomer contents was performed in the program StatSoft, Inc. (2009),
STATISTICA, version 9.0. by the analysis of variance (ANOVA) and
multiple comparison of average values using the Fischer’s test (LSD-
test) at P = 0.05.

3 RESULTS AND DISCUSSION

Based on the evaluation of the experimental results obtained with
the analysis of variance (ANOVA — Tab. 2), significant to highly sig-
nificant effects of varieties, growing regimes and years on the vari-
ability of activity and content of the individual vitamin E isomers were
found (only the effect of the growing regime on alpha-tocopherol was
insignificant). Most interactions of factors also affected the studied
parameters statistically significantly. Based on these results, many
significant differences in average values of activity and the individual
vitamin E isomers caused by factors included in this study (varieties,
years, regimes and their interactions) were determined by subsequent
testing.

3.1 Evaluation of varieties in the growing regimes

Activity of vitamin E in the regime drought in 2009 (Tab 3) was sig-
nificantly higher (18.07 mg.kg™") in the caryopses of the line KM 1057
versus all other varieties which formed a homogeneous group with

Tab. 2 Analyza variance pro aktivitu vitaminu E a obsah jednotlivych isomerG / Analysis of variance for vitamin E aktivity and the individual

isomer contents

Zdroj proménlivosti / PC

Source of variability n- (mlz \II(I; o oT BT T 5T a-T3 By-T3 5-T3
Odriida (odr) / Variety (var) 4 |32.66™* |46.38"** |0.13*** 421+ 0.53*** 101.49*** | 8.54*** 0.92***
Rezim / Regime 2 |16.83* 4.65 0.02* 0.57* 0.62*** 36.13** | 5.37*** 0.07**
Rok / Year 1 1024.98***| 374.15™** | 2.24** 71.94* | 4.49* 1357.77***| 31.07*** | 2.98***
odrx rezim / Year x regime 8 |6.90 4.05 0.01 0.28 0.11* 7.39* 3.38"* 0.10™*
rok x rok / Year x year 4 |61.12*** |53.80"* |0.06™** 1.92*** 0.33*** 9.01 9.15*** 0.18***
rezim x rok / Regime x year 2 |7.09 6.14 0.02* 0.69* 0.89*** 34.66™* |16.69"* |0.12***
odr x rez x rok / Var x reg x year 8 |[19.78™* |9.60"** 0.03*** 1.03"** 0.20*** 22.56™* | 1.34** 0.05***
Chyba / Error 90 |3.41 2.09 0.00 0.15 0.05 2.67 0.26 0.01

Pozn./ Note: * — p < 0.05; ** — p < 0.01; *** — p < 0.001; PC = primérny &tverec / mean square
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Tab. 3 Obsah isomer( a aktivita vitaminu E / Isomer content and vitamin E activity

Obilka / Caryopsis Obsah (mg.kg™ susiny) / Content (mg.kg"' of dry matter)
zzz'i':,é 3:,',‘:,’,‘;; T,Z';r/ E vit a-T B-T v-T 5-T a-T3 B+y-T3 5-T3
Wabet 2009 9.43 fohi 5.78 dhi 0.37 oni 2.09 ohi 0.37 @ 10.49 oni 4.36 def9 0.66 ®°
2010 8.11 efan 4.68 i 0.28 defg 1.60 def9 0.86 defo 9.90 9" 5.30 hi 1.181
Wanubet 2009 9.69 ohi 4.53 defg 0.37 ohi 2.09 ohi 1.22 hi 15.51 4.68 foni 0.65 be
2010 7.08 def 3.71 odef 0.22 abcde 1.22 abcde 0.66 bode 10.02 9 4.52 e 0.99 oni
Sucho Kompakt 2009 9.95 ohi 5.81 oni 0.67 ° 3.79° 0.95 efeh 11.12 hik 4.56 ©f9 0.75 <
Drought 2010 6.40 cde 4.16 defg 0.36 oni 2.04 oni 0.71 coef 5.90 bede 3.68 bed 0.84 def
Krona 2009 | 11.24 ik 6.70 hik 0.46 2.58 i 0.89 defg 13.14 Km 4.66 o 0.65 be
2010 8.00 defan 5.35 efghi 0.28 cdefg 1.56 cdefy 0.64 abed 7.52 ¢ 3.91 cde 0.90 o
KM1057 2009 | 18.08 " 13.70 m 0.62 ™ 3.49 0.95 efah 11.86 Nik 6.74 ™ 0.90 ©f9
2010 4.01 a>° 2.54 abed 0.15 % 0.87 & 0.51 abe 4.02 8be 3.36 ®° 1.181
Wabet 2009 | 11.83 Kk 7.36 ik 0.44 ik 2.48 ik 0.99 fohi 12.99 Km 4.35 defg 0.54 ab
2010 3.50 @ 1.73 ac 0.19 abed 1.07 abcd 1.05 ghi 4.75 bed 4.63 o 0.98 fohi
Wanubet 2009 | 10.54 hik 5.61 foni 0.44 ik 2.51 ik 1.44" 14.50 mne 4.46 ©f9 0.47 2
Pozdni 2010 6.66 9 3.54 bede 0.31 fon 1.78 fon 1.28 i 8.70 fo 6.08 Km 0.93 fon
Sucho Kompakt 2009 | 12.72 ¢ 7.79 k 0.77° 4.35° 1.02 o 13.42 'mn 5.00 on 0.54 =
Late 2010 2332 0.91 @ 0.22 abedef 1.27 abcdef 0.67 bede 3.61 % 3.74 bed 0.75 cde
drought Krona 2009 8.33 ©foh 4.99 efoh 0.35 oni 1.97 oni 0.84 defg 9.64 foh 3.13° 0.44 2
2010 7.40 def9 5.09 efgh 0.30 efdn 1.70 efah 0.88 defg 6.17 cde 4.84 oni 1121
KM1057 2009 | 15.09 'm 11.36 ! 0.49 km 2.75 Km 1.33 K 10.23 9 5.75 K 1.09 i
2010 5.45 bed 3.71 cdef 0.18 abe 1.02 abc 0.62 abed 4.73 bed 4.31 defg 142k
Wabet 2009 | 11.25 ik 5.64 foni 0.55 Imn 3.13 'mn 1.36 1 16.40 ° 4.85 ohi 0.412
2010 2372 1.53 @ 0.13 2 0.752 0.48 abc 2102 2.37 @ 1.00 oni
Wanubet 2009 | 12.87 km 5.84 oni 0.53 Kimn 3.02 Kimn 1.81m 20.98 ¢ 6.51 ™ 0.75 cde
2010 8.75 efdhi 5.14 efgn 0.25 bedef 1.39 bedef 0.64 abed 10.70 ghi 4.92 gni 1.05 i
Mokro Kompakt 2009 | 11.08 ik 6.03 oni 0.68 °r 3.85°p 1.26 i 13.96 '™ 6.45 'm 0.52 &
Wetness 2010 7.00 def 4.60 9 0.38 Ni 2.17 hii 0.85 defg 6.31 de 4,01 odef 0.71 <
Krona 2009 | 12.57 ¢ 8.12 k 0.56 mn 3.19 mn 1.12 ghik 12.44 iKim 5.38 ik 0.52 &
2010 8.79 efoni 6.16 9nik 0.28 defg 1.61 def9 0.67 bede 7.39 ©f 4.02 cdef 0.84 def
KM1057 2009 | 1541 ™ 11.09 ! 0.53 Kmn 3.00 Kimn 1.08 ghik 11.73 ik 8.95n 1.39 K
2010 6.56 cde 4,52 defg 0.18 ave 1.04 abe 0.36 @ 5.68 bede 4.89 oni 11217

Pozn.: Primérné hodnoty oznacené odliSnymi pismeny ve sloupcich se od sebe statisticky vyznamné lisi pfi P=0,05; T = tokoferoly, T3 = tokotrienoly
Note.: Mean values denoted with different letters in the columns differ statistically significantly at P=0.05; T = tocopherols, T3 = tocotrienols

v roce pfedchozim (2009) v rezimu sucho vyznacovala aktivitou vi-
taminu E nejvy$si a vyznamné se tak odliSila od v§ech vzork( z obou
rezimd sucha i z mokra. V roce 2009 rovnéz méla vyznamné vyssi
aktivitu vitaminu E i v reZimu pozdni sucho (15,09 mg.kg™) a v rezimu
mokro (15,41 mg.kg™), témito hodnotami se liila od vzorkd vSech
ostatnich odriid v rdmci téchto rezimd (s vyjimkou odridy Wanubet
v mokrém rezimu — 12,87 mg.kg'). Odrida Kompakt ve vzorcich z po-
zdniho sucha (2,33 mg.kg'), odrida Wabet ze stejného rezimu
(3,50 mg.kg") i z mokra (2,37 mg.kg') mély stanoveny v roce 2010
vyznamné nizSi aktivitu vitaminu E oproti celému souboru ve vSech
vlahovych rezimech (tab. 3). Sou¢asné meély tyto odridy v reZimu po-
zdniho sucha i vyznamné nizsi hodnoty isomeru a -T (0,91 a 1,
73 mg.kg') ve srovnani se v&emi ostatnimi vzorky odrdd v tomto roce
(2,54-6,16 mg.kg') ze vSech rezim(l péstovani.

Byly zjistény vyznamné rozdily mezi aktivitou vitaminu E v suchych
amokrych rezimech pokusu u nékterych odr(id v letech, coZ je mozné
zjistit z tab. 3. Nejvétsi vyznamny rozdil byl zjistén u odridy Wabet
(5,74 mg.kg") ve prospéch suchého rezimu v roce 2010. Linie KM
1057 se rovnéz liSila vyznamné vysSi hodnotou v suchém rezimu
02,67 mg.kg™' od mokré varianty v roce 2009. Jevi se tedy, Ze odriida
alinie reagovaly ze v§ech odrld nejcitlivéji na stres ze sucha. MiZzeme
tedy usuzovat na silnéj$i obranny mechanismus odriidy Wabet a li-
nie KM 1057 k oxidativnimu stresu ze sucha a jejich vySSi aktivitu vi-
taminu E povazovat za obrannou reakci. Podobné [20] pozorovali, ze
koncentrace celkovych tokoll byla zavisla na genotypech jeCmene
syntézu odli§ného mnozstvi isomerQ vitaminu E v zavislosti na po-
vétrnostnich podminkach ro¢nikl péstovani [18].

the range of activity from 9.43—-11.24 mg.kg™'. The lowest activity be-
longed to the variety Wabet. On the contrary, in 2010 this variety ex-
hibited the highest activity in the set (8.11 mg.kg"), the varieties Kom-
pakt, Wanubet and Krona had insignificantly lower values (6.40-8.00
mg.kg'). The line KM 1057 had statistically lower activity in this year
(4.01 mg.kg™). However, in the previous year (2009) this line under
the dry regime had the highest activity of vitamin E differing thus sig-
nificantly from all samples from both dry and wet regimes. In 2009 it
also had significantly higher activity of vitamin E in the late drought
regime (15.09 mg.kg') and in the wetness regime (15.41 mg.kg™),
by these values it differed from the samples of all other varieties within
these regimes (with the exception of the variety Wanubet in the wet
regime (12.87 mg.kg™'). In 2010 the variety Kompakt in late drought
samples (2.33 mg.kg™), variety Wabet from the same regime (3.50
mg.kg') and from wetness (2.37 mg.kg™) had significantly lower vi-
tamin E activity versus the whole set in all variants of the moisture
regime (Tab. 3). At the same time these varieties also had in late
drought regime significantly lower values of the a -T isomer (0.91and
1.73 mg.kg™") compared to all other samples of varieties in that year
(2.54-6.16 mg.kg") from all growing regimes.

Significant differences between vitamin E activity in dry and wet
regimes of the experiment in some varieties in years were found, as
shown in Tab. 3. The highest significant difference was found in the
variety Wabet (5.74 mg.kg) in favor of the dry regime in 2010. In
2009 the line KM 1057 also differed significantly in a higher value of
the dry regime versus the wet one (higher by 2.67 mg.kg™). It appears
that the variety and line reacted most sensitively of all the varieties
to the drought-induced stress. Therefore we can assume a stronger
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Zmény v obsahu a aktivité vitaminu E jako reakce na abioticky stres odrid je¢mene jarniho

Tab. 4 Obsahy isomer( a aktivity vitaminu E v priméru souboru odrd / Isomer contents and vitamin E activity on the average of varieties

Obsah (mg.kg™ susiny) / Content (mg.kg' of dry matter)

Rezim / Regime Rok/Year| E vit a-T B-T y-T o-T a-T3 B+y-T3 0-T3

Sucho / Drought 11.68(°| 731 | > | 050 |°| 281 |°| 088 |P|1242| | 500 | °c| 0.65 |
Pozdni sucho / Late drought 2009 11.70( > | 742 | * | 050 | | 281 | P | 112 | ¢ | 12.16| ¢ | 4.54 |a>*| 0.62 | @
Mokro / Wetness 12.63| | 734 | > | 057 | | 324 || 133 |9 |15610| 4| 643 | 94| 079 | ®
Sucho / Drought 672 2| 409 | 2| 026 || 146 | 2| 067 |2 | 747 || 415 |3 | 097 | °
Pozdni sucho / Late drought 2010 5.07|2| 300 |2| 024 |2| 137 |23| 090 |°| 559|2a| 472 || 1.04 | °
Mokro / Wetness 6692|439 |2|025|23|139|2| 060 |2| 644|3| 404 |2| 099 | °

Pozn.: Primérné hodnoty oznacené odliSnymi pismeny ve sloupcich se od sebe statisticky vyznamné lisi pfi P=0,05; T = tokoferoly, T3 = tokotrienoly
Note.: Mean values denoted with different letters in the columns differ statistically significantly at P=0.05; T = tocopherols, T3 = tocotrienols

Jak je patrné z tab. 3, vyznamné vy$Si obsah majoritniho a -tokot-
rienolu mély obilky odrid Wanubet (15,51 mg.kg'), Krona
(13,14 mg.kg™), linie KM 1057 (11,86 mg.kg') a odrlida Kompakt
(11,12 mg.kg™") ze suchého rezimu pokusu oproti ostatnim vzorkiim
ztohoto rezimu v obou letech pokusu.V mokrém rezimu pokusu v roce
2009 vS8ak bylo dosazeno statisticky vyznamné vyS88i hodnoty
(20,98 mg.kg") u odriidy Wanubet oproti vzorkiim odrdd ze v§ech va-
riant z obou let pokusu. Odridy Wabet, Kompakt a Wanubet mély
v roce 2009 vyznamné vysSi obsah tohoto isomeru i v rezimu pozdni
sucho (12,99-14,50 mg.kg™") oproti ostatnim vzorkim v tomto rezimu.
Druha nejvy$si hodnota stejného isomeru patfila v témze roce odridé
Wabet (16,40 mg.kg™) ve vzorku z mokrého rezimu.

3.2 Hodnoceni reziml péstovani

V roce 2009 (tab. 4) nebyly vzorky v priméru odrid z mokré vari-
anty bohat$i na isomer a-T (7, 34 mg.kg™) nez v rezimu sucho a poz-
dni sucho, minoritni isomery B, ya o-T vSak v priméru vzorkd vSech
odrld vyustily ve statisticky vyznamné vy$§i mnozstvi z tohoto re-
zimu.

Hladina isomeru a-T3 byla rovnéz statisticky vyznamné vyssi ve
vzorcich z mokrého rezimu (15,10 mg.kg™") oproti vzorkiim z rezimu
sucho a pozdni sucho (12,42-12,16 mg.kg'). Podobné tomu bylo
u minoritnich isomerd B+y-T3 s vyznamné vy$sim obsahem v mok-
rém rezimu (6,43 mg.kg'), obdobna situace byla i u isomert 5-T3, {j.
vys$§i obsah byl v priméru vzork( mokrého rezimu. V experimentu
[23] byly zjistény genotypoveé rozdily na oxidativni stres a obranné re-
akce v dlsledku mokra. Nase vysledky jsou obdobné, nebot jsme zji-
stili genotypové odli$né obranné reakce v odli$nych pldnich viaho-
vych rezimech péstovani. Ty byly hodnocené jako obsah isomert
a aktivita vitaminu E. V roce 2010 nebyly zaznamenany v priméru
vSech odrlid vyznamné rozdily v hodnotach aktivity vitaminu E a iso-
merd a, B, y -T a &-T3 mezi rezimy péstovani, vyssi hodnoty vSak
patfily vzorkiim ze suchého rezimu. Hodnoty a -T3 isomeru byly vy-
znamné vysSi (7,47 mg.kg™) v priméru suchého rezimu oproti dal§im
dvéma rezimim.

3.3 Hodnoceni pokusnych roki

V ramci hodnoceni souboru odrid
Siny sledovanych parametr( vitaminu
E stanoveny v obilkach z rezimu pé-

stovani pozdni sucho (tab. 5). Aktivita (100 %) in 2009

defensive mechanism of the variety Wabet and line KM 1057 to the
oxidative stress induced by drought and their higher vitamin E activity.
Similarly, the authors [20] observed that concentration of total tocols
depended on barley genotypes and environment in three growing lo-
calities. In our earlier study we also observed biosynthesis of different
amount of vitamin E isomers depending on the weather conditions of
the growing years [18].

As evident from Tab. 3, significantly higher content of the majority
a-tocotrienol was found in the caryopses of the varieties Wanubet
(15.51 mg.kg™), Krona (13.14 mg.kg™), line KM 1057 (11.86 mg.kg™)
and the variety Kompakt (11.12 mg.kg™') from the dry regime versus
the other samples from this regime from both the experiment years.
However, in the dry regime in 2009 statistically significantly higher
value (20.98 mg.kg') was achieved in the variety Wanubet versus the
samples of varieties from all variants from both experiment years. In
2009 the varieties Wabet, Kompakt and Wanubet also had signifi-
cantly higher content of this isomer in the late drought regime (12.99
—14.50 mg.kg") compared to the other samples in this regime. The
variety Wabet had the second highest value of the same isomer in
the same year (16.40 mg.kg™) in the sample from this wet regime.

3.2 Evaluation of the growing regimes

In 2009 (Tab. 4), on average of varieties from the wet regime, the
samples were not more abundant in isomer a-T (7.34 mg.kg™') than
in the drought and late drought regime, however, the minority B, y
and &-T isomers on the average of samples of all varieties from this
regime had statistically significantly higher amount. The level of a-T3
isomer was also statistically significantly higher in samples from the
wet regime (15.10 mg.kg™") versus the samples from the regime
drought and late drought (12.42—12.16 mg.kg™). Similar situation was
in the minority B+y-T3 isomers with a significantly higher content in
the wet regime (6.43 mg.kg') and in 5-T3 isomers, i.e. higher content
was on the average of the samples from the wet regime. In the ex-
periment [23] genotype differences to oxidative stress and defense
responses due to wet were found. Our results are similar as geno-
type-different defense responses in different growing moisture
regimes were found. They were assessed as isomer content and vi-

Obr. 1 Obsahy isomeru a aktivita vitaminu E v procentickém vyjadfeni k varianté pozdni sucho (100 %)
v roce 2009 / Fig. 1 Isomer contents and vitamin E activity in percentage to the late drought variant

vitaminu E v obilkach pak v souhrnu

(souctu) v8ech odrid prevySovala v le- 2009

tech 2009 a 2010 v rezimu mokra o 32 150

% a v rezimu sucha 22-32 % (obr. 1

a 2) rezim pozdni sucho. Obdobné 140 ]

tomu bylo i uisomeru a-T, v roce 2010 130 1

meél o 36 % vysSi hodnoty v suché .

a 0 46 % v mokrém rezimu péstovani, 120 |

isomer a-T3 mél ke srovnavanému re-

Zimu v témze roce 0 46 % vy$$i hod- | _ 110 1 ] M I |_ u Sucho/Drought
noty v suché a v roce 2009 0 24 % | Pozdni sucho/Late drought
v mokré varianté pokusu. Vysledky 100 1 I| |0 Mokro/Wetness
statistického hodnoceni vSak mezi 90 | | |

vzorky v priméru odriid nepotvrdily

vyznamné rozdily v aktivité vitaminu E 80 - -

aobsahu isomeru a-T mezirezimy pé-

stovani v jednotlivych letech pokusu 70 u

(tab. 4), avSak v priméru obou rok 60 | ||

byly rozdily jak v obsahu a-T, a-T3i ak- )

tivité vitaminu E vyznamné (tab. 5). Evit ol BT vT &7 af8 BFvB &1
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V rezimu pozdniho sucha
byla v priméru aktivita vita-

minu E niz8i (8,38 mg.kg™), vitamin E isomers (mg . kg'')

Tab. 5 Primérné hodnoty aktivity a obsahu majoritnich isomerd vi- tamin E activity. In 2010 on the average
taminu E (mg . kg™") / Mean values of activity and content of majority of all varieties no significant differences

were recorded in the values of vitamin E

oproti rezimu sucho _ . activity and a, B, y -T and 6-T3 isomers
(9,19 mg.kg'") a vyznamng | Odruda / Variety E (mg.kg") |a-T a-T3 in the growing regimes but the dry regime
nizsi i oproti varianté mokro | KM1057 7.74 a 445 | 2 | 8.03| 2 | samples had higher values. The values
(9,66 mg.kg') (tab. 5). Y a » | of a-T3 isomer were significantly higher
Stejna tendence byla pozo- Kompakt 8.24 4.72 9.05 (7.47 mg.kg™") on the average of the dry
rovana v hlading a -T, ktera | Krona 926 | " |4.88 | ® | 9.38|"° | regime versus the other two regimes.
byla statisticky vyznamné | wabet 938 | © |6.06 |° | 9.43|°

vyS8i rovnéz v mokrém re- Wanubet 10.76 a 781 | © |13.40| © 3.3 Evaluation of the years of the
zimu (5,86 mg.kg™') ve srov- — - : . : experiment

nani se suchym rezimem |ReZim/ Regime Within the evaluation of the set of the
(5,20 mg.kg") a hodnota a | Pozdni sucho / late drought | 8.38 | @ 520 | @ | 8.87|a | varieties as a whole, the lowest values of
-T3 byla ve vzorcich z mok- p o » | mostofthe studied parameters of vitamin
rého rezimu (10,76 mg.kg™') Sucho / drought 9.19 5.69 9.94 E were determined in caryopses in the
opét vyznamné vyssi nejen | Mokro / wetness 966 | ®° |586 | " [10.76] ° | growing regime late drought (Table 5). In
oproti vzorkim z pozdniho | Rok / Year 2009 and 2010 activity of vitamin E in the
sucha (8,87 mg.kg'), ale A N - | caryopses then in a sum of all varieties
i ze sucha (9,94 mg.kg™). 2010 6.15 8.82 6.49 exceeded in the wet regimes by 32 % and
Da se tedy pfedpokladat, ze | 2009 12.01 | ® |7.35| " |13.22|° | in the drought regime by 22-32 % (Fig-

vétsina odrid pocitovala
vetSi miru stresu z podmi-
nek sucha, které trvalo delSi
dobu, i z podminek mokra.

V jednotlivych letech po-
kusu vSak lze pozorovat
specifické trendy.V roce 2010 s chladnéjSim po€asim a vys$si relativni
vihkosti vzduchu, vzhledem k vy$8im srazkam (tab. 1), byl prGmérny
obsah a-T celého souboru odrdid mirné vy$§i v mokrém rezimu oproti
suchému, v obsahu druhého majoritniho isomeru a -T3 tomu bylo na-
opak (obr. 2, tab. 4), dokonce primérna hodnota ze suchého rezimu
byla vyznamné vyssi oproti pozdnimu suchu.

VyS§Si teploty s nizsi realtivni vihkosti vzduchu (v disledku nizsich
srazek) v roce 2009 oproti roku 2010 (tab. 1) mohly byt jednou z pfi€in
vy$§i aktivity vitaminu E a biosyntézy jeho majoritnich isomer a -T
a a-T3usouboru odrid (tab. 5). Jmenovité u linie KM 1057 se jednalo
o zvy$eni isomeru a -T a u odrady Wanubet, pfipadné odriidy Krona
o isomer a-T3 (tab. 3). Po prevedeni hodnot jednotlivych isomerd na
aktivitu pak linie KM 1057 méla v roce 2010 o0 2,55 mg.kg™ a odriida
Wanubet v roce 2009 o 3,18 mg.kg™" zvySenou aktivitu vitaminu E
v mokrém rezimu oproti suchému. Bylo by tedy mozné povazovat tyto
dva genotypy za citlivé i k vihéim podminkam v mokrém rezimu po-
kusu.

Vyznamné zvySena biosyntéza isomerl a -T3 v suchém i mokrém
rezimu pokusu je patrna v priméru vzork( z celého pokusu (tab. 5),
coz mlze svédgCit o vyznamu tohoto isomeru v obranné reakci rostlin
na stres ze sucha i z vihéich podminek (mokry rezim). Byly potvrzeny

tokotrienoly

taminu E, zejména majoritnich, odriidami s waxy endospermem —
Wabet a Wanubet a k nim mizeme pfiradit bezpluchou linii KM 1057
(tab. 5). Podobné jako [17,6] mGzeme potvrdit pfitomnost vSech osmi
isomeru vitaminu E v obilkach jeémene.

Obr. 2 Obsahy isomerQ a aktivita vitaminu E v procentickém vyjadfeni k varianté pozdni sucho
(100 %) v roce 2010/ Fig. 2 Isomer contents and vitamin E activity in percentage to the late drought

variant (100 %) in 2010

Pozn.: Primérné hodnoty oznacené odliSnymi pismeny ve sloupcich se
od sebe statisticky vyznamné IiSi pfi P=0,05; T = tokoferoly, T3 =

Note.: Mean values denoted with different letters in the columns differ sta-
tistically significantly at P=0.05; T = tocopherols, T3 = tocotrienols

ures 1 and 2) the late drought variant. In
a-T isomer it was similar, in 2010 it had
by 36 % higher values in the dry and by
46 % in the wet growing regime, isomer
a-T3 had versus the compared regime in
the same year by 46 % in the dry and in
2009 by 24 % higher values in the wet regime of the experiment.

The results of the statistical evaluation of samples, however, did
not confirm significant differences in vitamin E activity and content of
isomer a-T between the growing regimes in the individual experiment
years on the average of varieties (Tab. 4) but on the average of both
years, the differences both in the a-T, a-T3 isomer content and vitamin
E activity were found (Tab. 5). Vitamin E activity was on average lower
(8.38 mg.kg™) in the late drought regime versus the drought variant
(9.19 mg.kg'") and significantly lower also versus the wet variant (9.66
mg.kg') (Tab. 5). The same tendency was observed in the a -T level
which was statistically significantly higher also in the wet regime (5.86
mg.kg') compared to the wet regime (5.20 mg.kg™') and the value of
a -T3 was in all samples from the wet regime (10.76 mg.kg™") again
significantly higher not only compared to the samples from late
drought (8.87 mg.kg™") but also from the drought (9.94 mg.kg™*). There-
fore, it may be assumed that most of the varieties felt a higher degree
of stress from the conditions of drought which lasted a longer time
as well as from the wet conditions. However, specific trends can be
observed in the individual experimental years. In 2010 with a colder
weather and higher relative air humidity — due to higher precipitation
(Tab. 1) average content of a -T was slightly higher in the whole set
of the varieties in the wet versus to dry variant unlike the content of
the second majority a -T3 isomer (Fig. 2, Tab. 4), even the average
value from the dry variant was significantly higher compared to the
late drought regime.

Higher temperatures in 2009 versus 2010 (7ab. 1) could be one of
causes of higher vitamin E activity and biosynthesis of its majority a
-T and a -T3 isomers in the set of vari-
eties (Tab. 5). Namely in the line KM
1057 a -T and in the variety Wanubet or
Krona a -T3 isomers were increased

2010
160

150
140
130
120

(%)
5

Evit oT B-T v-T 5T

oT3 PB+y-T3  5T3

(Table 3). After converting the values of
the individual isomers to activity, the line
KM 1057 in 2010 had by 2.55 mg.kg-1
and the variety Wanubet in 2009 by 3.18
mg.kg-1 increased activity of vitamin E
in wet compared to the dry regime.
Therefore, these two genotypes may be
sensitive also to wetter conditions in the
wet regime of the experiment.
Significantly increased biosynthesis of
a-T3 isomer in the dry and wet regimes
of the experiment is evident on the aver-
age of samples from the whole experi-
ment (Tab. 5), confirming thus the signif-
icance of this isomer in the defense plant
response to stress induced by drought
and wetter conditions (wet regime). It
confirmed our earlier results about the
highest capacity of biosynthesis of vita-
min E isomers, namely majority ones, by

| Sucho/Drought
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4 ZAVER

Mlzeme konstatovat, ze podminky péstovani ve varianté pozdni
sucho, které bylo navozené az na zacatku faze metani, vedly k nej-
niz§im obsahum vétsiny isomer(i a aktivity vitaminu E. Pravdépo-
dobné se tento rezim nejvice bliZil pfirozenym podminkam péstovani.
Na zvySeni obsahu vétsiny isomerd a aktivity vitaminu E mély vliv re-
zimy sucha i mokra, a to v obou letech, coz je mozné povazovat za
obrannou reakci na stres péstovanych odriid, navozeny vlahovymi
podminkami v téchto rezimech péstovani. Vyjimkou byl obsah a -T
v roce 2009, jehoz hodnoty byly shodné ve vSech rezimech péstovani.
Byly také zjistény odrlidové reakce na odli§né rezimy péstovani od-
rad, které se projevily obsahy isomerd a aktivitou vitaminu E. Byl po-
zorovan i vliv roénikl péstovani, predevsim teploty a relativni vihkosti
ovzdusi.

Byl pozorovan siln&j$i obranny mechanismus odridy Wabet a li-
nie KM 1057 k oxidativnimu stresu ze sucha, a jejich nejvys$si aktivitu
vitaminu E v tomto reZimu je mozné povazovat za obrannou reakci.
Odrady Wabet a Wanubet, které se od dal$ich odriid v souboru lisi
genetickym plivodem i provenienci (USA), se v su$$im a teplej$im
roce 2009 vyznacovaly vy8Si biosyntézou a-tokotrienolu v mokrém
i suchém rezimu, coz by mohlo byt oznaeno za projev obranné re-
akce vUci stresu z mokra i ze sucha.

Vzhledem k rozdilim vySe aktivity i obsahu majoritnich isomert
(a-T a a-T3) mezi roky péstovani odrad v odliSnych plidnich vidho-
vych reZimech, je Zadouci pro zobecnéni vysledkl experimentu po-
kracovat ve vyzkumu v dal$im roce (coz je jiz realizovano).
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the varieties with the waxy endosperm — Wabet and Wanubet and
the hulless line KM 1057 (Tab. 5). Similarly as [17,6], we can confirm
the presence of all eight isomers of vitamin E in barley caryopses.

4 CONCLUSIONS

We can state that the growing conditions in the variant late drought
which was induced only at beginning of the heading phase led to the
lowest contents of most isomers and vitamin E activity. Presumably,
this regime was the closest to the natural growing conditions. The
regimes of the dry and wet variant of the experiment in both years
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growing regimes were also found, they were reflected in isomer con-
tents and vitamin E activity. The effect of growing years, especially
temperature and soil moisture was observed.

Stronger defense mechanism in the variety Wabet and line KM
1057 to oxidative stress induced by drought and their highest vitamin
E activity in this regime can be explained as the defense response.
The varieties Wabet and Wanubet, differing from the other varieties
in the set by their genetic origin and provenience (USA), exhibited in
a drier and warmer year 2009 higher a — tocotrienol biosynthesis in
the wet and dry regimes, which could be denoted as manifestation
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Considering the differences in the activity and content of majority
isomers (a -T and a -T3) between the growing years under different
soil moisture regimes, it is desirable for the assessment of general
results of the experiment to continue in research in next year (already
being realized).
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