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Schopnost rostlin U¢inné reagovat na stresové podminky se vyznamné podili na vysledné produkci. Slechténi odrid tolerantnich vigéi
suchu je velmi dllezité, je vSak tfeba zaroven sledovat moznost dosazeni pozadovaného vynosu a kvality. V nasi praci jsem se zaméfili
na sledovani vztahu mezi spusténim ochranné reakce rostlin jeémene viéi suchu a vynosovym potencialem vybranych odrad v pribéhu
dvou let. Ochranné reakce byla hodnocena na urovni exprese dehydrinového genu Dhn4. Vy3SSi aktivita genu Dhn4 byla zaznamenéana
u vSech testovanych genotypti v su§8im roce 2009. Na vztahu obranné reakce rostlin a vynosu se vyrazné podilel priibéh teplot a relativni
vzdus$na vlhkost béhem pokusu.

MeliSova, L. — Holkova, L. — Bradacova, M.: The effect of plant defense response to drought on selected yield parameters in
barley. Kvasny Prum. 57, 2011, ¢. 7-8, p. 190-195.

Ability of plants to response to stress conditions significantly affects the final production of grain. Breeding drought tolerant varieties
is very important but simultaneously possibilities how to achieve required yield and quality must be studied. This paper focused on
studying the relationship between triggering a protective reaction of barley plants due to drought and yield potential of varieties during
a two-year period. The protective reaction was evaluated at the level of expression of the Dhn4 dehydrin gene. Higher activity of the
Dhn4 gene was recorded in all the tested genotypes in the drier year 2009. The temperatures and relative humidity during the experiment
affected the relationship between a plant response and yield markedly.

MeliSova, L. — Holkov4, L. — Bradacova, M.: Die Verfolgung der Pflanzenabwehrreaktion gegen die Trockenheit auf einige er-
tragsbildenden Gerstenelemente. Kvasny Prum. 57, 2011, Nr. 7-8, S. 190-195.

Die Pflanzefahigkeit auf die StreBbedingungen zu reagieren, wird an der gesamten Produktion wesentlich beteiligt. Die Veredelung
der Pflanzesorten, die gegen die Trockenheit resistent sind, ist sehr wichtig, aber man mufB3 gleichzeitig auch sorgen, die gewlinschte
Ertrage und Qualitat zu sichern. Der Artikel befaBt sich mit der Verfolgung der Beziehung binnen zwei Jahren zwischen dem Anfang der
Gerstenabwehrreaktion gegen die Trockenheit und dem Ertragspotential von ausgesuchten Sorten. Die Pflanzenabwehrreaktion wurde
auf dem Niveau einer Expression des dehydrinen Gens Dhn4 ausgewertet. Im trockeneren Jahre 2009 wurde bei allen getesteten Ge-
notypen eine héhere Aktivitat des Dhn4 Gens festgestellt. Der Temperaturenverlauf und relative Luftfeuchtigkeit wahrend des Versuches

hatten einen wesentlichen Anteil an der Beziehung zwischen der Pflanzenfahigkeit gegen die Diirre und dem Ertrag.

Klicova slova: sucho, jecmen jarni, exprese genu, Dhn4, polymera-
sovéd retézova reakce (PCR)

1 UVOD

V poslednich letech se stale vice hovofi 0 zméné klimatu. At jiz
pfijmeme teorii o globalnim oteplovani ¢i nikoliv, nelze pominout fakt
vyskytu CastéjSich a rizné dlouho trvajicich obdobi sucha. Vzrista
pocet dni provazenych vysokymi dennimi teplotami. Destové srazky
pfichazi nepravidelng&, mnohdy vlivem velké intenzity a kratké doby
trvani z krajiny velmi rychle odtékaji, aniz by ve vétsim mnozstvi in-
filtrovaly do pddy a tim kompenzovaly deficit vody v pudé [1]. Tyto
amnohé dalSi faktory se velkou mérou podili na snizovani dostupnosti
vody pro rostliny béhem vegetace. Pravé sucho, resp. dostupnost
vody pro rostliny je jednim z limitujicich a nezbytnych faktor(i produkce
kulturnich plodin, majicich Ulohu v zabezpeceni vyzivy obyvatelstva
i hospodarskych zvitat. Lidska populace se neustéle rozrista a po-
stupné zacina pocitovat snizovani zasob nejen pitné vody, ale i vody
pro pramyslové potfeby. ZmenSuji se zasoby povrchové i podzemni
vody. Dle odhadu se asi 80 % potencialné dostupné vody spotiebuje
na zavlazovani zemédélskych plodin. Produkce hospodarskych plo-
din by teoreticky méla vzrlstat spolu s rostouci po¢etnosti populace
[2]. Proto porozuméni vlivu sucha na rostliny miize mit zasadni vy-
znam pro zlepSeni postupl v péstebni praxi a pro pfedchazeni ztrat
produkce vlivem zmén klimatu. Rostliny disponuji rozmanitou strategif
obrany vUéi stresu suchem, at jiz na urovni fyziologické [3,4,5], & mo-
lekularné biologické [6,7,8]. Ackoliv je tolerance rostlin vaéi suchu
z velké ¢éasti dana geneticky [9], neni hodnoceni této tolerance vzhle-
dem ke komplexnimu charakteru jednoduché. Mnoho studii, zabyva-
jicich se zkoumanim tolerance rostlin k suchu, sleduje ¢asto jen zpu-
sob, ¢ miru obranné reakce rostlin vi¢i témto nepfiznivym
podminkam. Hodnocen byva relativni obsah vody (RWC) a osmoticky

Keywords: drought, spring barley, gene expression, Dhn4, poly-
merase chain reaction (PCR)

1 INTRODUCTION

Climate change has been largely discussed recently. No matter
whether we accept the global warming theory or not, the fact that
more frequent and variously long periods of drought occur cannot be
denied. A number of days with high day temperatures have increased.
Rainfalls come irregularly and, due to their high intensity and short
duration, they often run off from the landscape very quickly and do
not infiltrate largely into the soil and therefore water deficit in soil is
not compensated [1]. These and many other factors contribute to the
decline in water availability for plants during vegetation. Drought or
water availability for plants is one of the limiting and necessary factors
of cultural plant production that play a role in ensuring nutrition for
population and livestock. Human population has been increasing con-
stantly and gradually starts to feel decrease in supplies, not only
potable water bit also water for industrial needs. Supplies of over-
ground and underground water are decreasing. It is estimated that
ca 80 % of potentially available water is consumed for irrigation of
agricultural crops. Theoretically, production of agricultural crops
should rise together with growing population [2]. Therefore, under-
standing the effect of drought on plants could be of principal impor-
tance to improve the growing practice methods and to prevent pro-
duction losses caused by climate changes. Plants posses various
strategies to defence against drought stress both at the physiological
[3,4,5] and molecular and biological levels [6,7,8]. Although plant
drought tolerance is greatly given genetically [9], the assessment of
this tolerance is not simple regarding its complex character. Many pa-
pers investigating plant drought tolerance often study only the mode
or extent of the plants defense response of these unfavorable condi-
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potencial [3,4], vyuziti vody rostlinami, difusni vodivost priduch(
a mira diskriminace téZzkého uhliku (A'*C) [10,11], ¢i vliv velikosti ko-
fenového systému [12]. Velmi ¢asto se také vyuzivaji metody zalo-
zené na hodnoceni exprese genll s ochrannou funkci vici dehydrataci
pletiv. Mezi tyto geny fadime tzv. dehydriny ze skupiny LEA protein(
(Late embryogenesis abundant). Jsou indukovany stresovymi faktory,
které vyvolavaji dehydrataci rostlinnych bunék [6,13,14]. U je€émene
byla zjisténa souvislost mezi toleranci rostlin k suchu a vzestupem
aktivity dehydrinovych gent [15]. Jednim z téchto gen( je gen Dhn4,
¢len skupiny LEA 2. Nachazi se na chromosomu 6H a jeho exprese
vzrlsta az vlivem stresovych podminek sucha. Zvolili jsme hodnoceni
aktivity genu Dhn4, protoze je povazovan za hlavni stresovy protein
aktivovany v podminkach sucha [13,16].

V této praci jsme se zabyvali hodnocenim stresové reakce rostlin
je€émene s rdznou Urovni tolerance vuci suchu v souvislosti s vyno-
sovym potencidlem vybranych odrdd. Zaméfili jsme se nejen na sle-
dovani urovné této obranné reakce, ale zaroven i na schopnost rostlin
vytvofit adekvatni vynos. Hodnotili jsme tedy vztah mezi mirou
ochranné reakce genotypu a dosazenou Urovni vynosotvornych
prvka.

2 MATERIAL A METODY

Pro hodnoceni citlivosti viéi suchu byly vybrany tfi ceské odridy
jeEmene jarniho (Malz, Amulet a Bojos) a jedna odriida holandské
provenience Jersey (Hordeum vulgare L.). Zaroven jsme do experi-
mentu zaradili Tadmor (Hordeum vulgare, ssp. spontaneum), linii vy-
selektovanou z plvodnich syrskych krajovych odrid, genotyp dobre
adaptovany na sucho.

Vysev byl proveden na jafe (duben) 2009 a 2010. Kazda odrida
byla vyseta do 6 nadob o stejném objemu zeminy, vzdy po 9 obilkach.
Nadoby byly umistény pod zahradni pfistfeSek. Po vzejiti rostlin byla
u vSech nadob hmotnostné udrzovana zalivka na 75 % plného nasy-
ceni pdy (kontrola). Po étyfech tydnech byl u poloviny nadob upraven
rezim zalivky na 30 % plného nasyceni pldy (sucha varianta) a udr-
zovan az do konce vegetace. Ostatni podminky se odvijely od pri-
béhu roéniho obdobi a aktualniho pocasi (délka dne, teplota, vihkost
vzduchu). Odbér materidlu pro analyzy probéhl ve ¢tyfech terminech
trvani sucha, sou¢asné byla zaznamenana pfislusna rlstova faze.
Z kazdé nadoby byly pro expresi genu odebrany tfi smésné vzorky
listl (druhy pravy list). Terminy odbérd a dobu trvani sucha uvadi
tab. 1.

RNA byla vyextrahovana z 50 mg pletiva druhého pravého listu
(v pfipadé IV. odbéru se jednalo o praporcovy list) dle protokolu RNe-
asy Plant Mini kit (Qiagen) a purifikovdana DNazou Turbo DNA free™
(Ambion). Prvni fetézec cDNA byl pfipraven z 500 ng RNA vyuzitim
QuantiTect® Reverse Transcription Kit (Qiagen). Aktivita genu Dhn4
byla stanovena metodou gReal time PCR za pomoci kitu QuantiTect
SYBR Green PCR Kit (Qiagen). Transkripéni aktivita byla hodnocena
jako normalizovana relativni exprese pocitana s ohledem na u¢innost
PCR reakci podle metody Pfaffl [17]. Zmény v aktivitdch gend byly
normalizovany vzhledem k referenénimu genu (a-tubulin) a vztazeny
k expresi hodnoceného genu Dhn4. Hodnoty z obou let byly pfepo-
¢teny na jednotny kalibrator (Amulet IV. odbér). Podminky hodnoceni
relativni exprese ochranného genu Dhn4 byly nastaveny dle Mikulkova
et al. [18]. Podminky pro referenéni gen dle Suprunova et al. [7].

Na konci vegetace byly v obou letech pokusu sklizeny klasy a vy-
hodnoceny vybrané vynosotvorné prvky jako: pocet klasli v nadobé,
pocet zrn v klasu a hmotnost tisice semen (HTS) a rovnéz byla hod-
nocena vyska rostlin.

tions. Relative water content (RWC) and osmotic potential are fre-
quently evaluated parameters [3,4], water exploitation by plants, dif-
fuse percolation of pores and extent of heavy carbon discrimination
(A'3C) [10,11] or the effect of the size of the root system [12]. In ad-
dition, methods based on the evaluation of expression of the genes
with protective functions against tissue dehydration, e.g. so called de-
hydrins from the group of LEA proteins (Late Embryogenesis Abun-
dant), are used. They are induced by stress factors causing dehydra-
tion of plant cells [6,13,14]. In barley, the association between plant
tolerance to drought and increase in dehydrin gene activity has been
established [15]. The Dhn4 gene, a member of the LEA 2 group is
one of these genes. Itis located on chromosome 6H and its expression
is only increased by the effect of drought stress conditions. Activity
of the Dhn4 gene was selected as it is considered the main stress
protein activated under the conditions of drought [13,16].

This study evaluated the stress response of barley plants with dif-
ferent level of tolerance to drought in relation to yield potential of the
selected varieties. We focused not only on the level of this protective
response but at the same time plant ability to produce an adequate
yield. It means that the relationship between the extent of the genotype
protective response and achieved levels of yield producing parame-
ters was evaluated.

2 MATERIAL AND METHODS

Sensitivity to drought was evaluated in three Czech spring barley
varieties (Malz, Amuletand Bojos) and one variety of the Dutch prove-
nience Jersey (Hordeum vulgare L.) and in addition, Tadmor
(Hordeum vulgare, ssp. spontaneum), a line selected from the original
Syrian landraces, genotype well adapted to drought, was included in
the set.

Sowing was conducted in spring 2009 and 2010 (April). Each va-
riety was sown to 6 containers with the same soil volume, always per
9 caryopses. The containers were placed under the garden shelter.
After plant emerging, moisture in all containers was kept to 75 % of
full soil saturation (control). After four weeks the regime of the half of
containers was adjusted to 30 % of full soil saturation (dry variant)
and kept to the end of vegetation. The other conditions resulted from
course of the season and actual weather (day length, temperature,
air humidity). Material for analyses was collected in four terms de-
pending on duration of the drought period and a growing phase. From
each container three mixed samples of leaves were taken for the gene
expression (the second young leaf). The collection dates and duration
of the drought periods are given in Tab. 1.

RNA was extracted from 50 mg of tissue of the youngest fully de-
veloped leaf (flag leaf in sampling 1V) according to the protocol
RNeasy Plant Mini kit (Qiagen) and purified with the Turbo DNA-free™
kit (Ambion). The first chain of cDNA was prepared from 500 ng of
RNA using the QuantiTect® Reverse Transcription Kit (Qiagen). Ac-
tivity of the Dhn4 gene was determined with the qReal time PCR
method using the QuantiTect SYBR Green PCR Kit (Qiagen). Tran-
scription activity was evaluated as normalized relative expression cal-
culated with respect to the efficiency of PCR reactions after the
method Pfaffl (2001). Changes in the gene activities were normalized
with respect to the reference gene (a-tubulin) and related to expres-
sion of the evaluated Dhn4 gene. Values from both years were cal-
culated to the same calibrator. Conditions of the evaluation of relative
expression of the protective Dhn4 gene were set according to
Mikulkové et al. [17]. Conditions for the reference gene according to
Suprunova et al. [7].

Tab. 1 Terminy odbéra rostlinného materialu pro analyzy exprese genu Dhn4 / Tab. 1 Terms of collections of plant material for the analyses

of the Dhn4 gene expression

Odbér / Collection 2009 2010

| 1 1 v | 1} 1 v
Datum / Date 15/5 22/5 4/6 19/6 14/5 21/5 28/5 11/6
xt(°C) den/ day * 15.99 | 25.08 | 16.55 | 22.77 | 12.17 | 20.88 | 22.34 | 30.27
x t (°C) noc / night 8.70 11.31 6.35 12.57 8.64 10.91 9.97 16.52
Vlhkost vzduchu / Air moisture (%) 78.7 71.6 59.9 82.8 89.8 74.5 75.7 61.9
Sucho (dny) / Drought (days) 6 13 26 41 7 14 21 35
Rustova faze DC / Growing phase DC 30 34 50 69 30 34 50 69

Vysv.: * denni teploty pod pfistfeSkem byly o 3-5 °C vy$S§i nez hodnoty v okoli zjisténé meteostanici
Notes: * day temperatures under a shelter were by 3—-5 °C higher than temperatures found Weather Station around shelter
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3 VYSLEDKY A DISKUSE

V tab. 2 jsou uvedeny hodnoty vynosotvornych prvkd, které vzhle-
dem k typu pokusu mohly byt stanoveny u obou rezimu zalivky (75 %
a 30 % nasyceni pudy). U kazdé odrlidy bylo stanoveno procentické
snizeni vynosotvornych prvk( vlivem sucha. Pro kazdy prvek jsme
pusobeni sucha vyjadfili jako procenticky rozdil mokré a suché vari-
anty. Pro pfehledné srovnani jednotlivych odrld je uvedena tab. 3.
byla jako nejlepsi genotyp vyhodnocena odriida Malz, naproti tomu
jsme v nasledujicim roce 2010 u odrady Malz zaznamenali nejvy$si
vizualni poSkozeni rostlin. Na tomto stavu se zfejmé podilelo celkové
vlh&i po€asi provazené napadenim padlim travnim, kterym byla tato

Ears were harvested at the end of vegetation in both experiment
years and the following selected yield parameters were evaluated:
number of ears in a container, number of grains in an ear and thousand
grain yield (TGW) and plant height.

3 RESULTS AND DISCUSSION

Tab. 2 gives the values of the yield parameters which, with respect
to the type of the experiment, could be determined in both watering
regimes (75 % and 30 % of soil saturation). Percentage reduction in
yield parameters due to drought was determined in each variety. The
effect of drought was expressed as a percentage difference between

Tab. 2 Hodnoceni vybranych vynosotvornych prvkd v obou rezimech péstovani rostlin / Tab. 2 The evaluation of the selected yield parameters

in both growing regimes

Odrida / Roénik / Varianta / Vyska rostlin / | Pocet klast Pocet zrn Hmotnost zrn | HTS / TGW
variety Year Variant Plant height na kvétinac / na kvétinac / na kvétinac / (9)
(cm) Number of Number of Weight of
ears per grains per grains per
a container a container | a container (g)
sucha v./ dry v. 45 17.3 173.7 7.2 41.4
2009 kontrola / control 60 47 803.5 32.8 41.3
Rozdil/ Difference % -25.0 -63.2 -78.4 -78.0 0.2
sucha v./ dry v. 32.7 10 132.5 45 34.3
2010 kontrola / control 56 24.3 419.3 16.7 39.7
Amulet |Rozdil/Difference % -41.6 -58.8 -68.4 -73.1 -13.6
sucha v./ dry v. 46.7 16 203.7 8.9 43.5
2009 kontrola / control 63 47.7 866.3 37.2 42.9
Rozdil/ Difference % -25.9 -66.5 -76.5 -76.1 14
sucha v./ dry v. 32.7 11 132.7 4.9 38.1
2010 kontrola / control 57 17.7 311.3 12.1 38.8
Bojos |Rozdil/Difference % -42.6 -37.9 -57.4 -59.5 -1.9
sucha v./ dry v. 40 25 329.3 13.8 41.8
2009 kontrola / control 63 58 1080.5 45.2 41.9
Rozdil/ Difference % -36.5 -56.9 -69.5 -69.5 -0.2
sucha v./ dry v. 36.7 10.3 114.1 3.6 37.3
2010 kontrola / control 51.7 15.3 259 8 29.8
Malz |Rozdil/Difference % -29.0 -32.7 -55.9 -55.0 25.0
sucha v./ dry v. 52.3 15.3 195.7 8.2 41.9
2009 kontrola / control 65 50.7 932 39.1 42.0
Rozdil/ Difference % -19.5 -69.8 -79.0 -79.0 -0.2
sucha v./ dry v. 38.3 11.3 127.1 4.7 30.8
2010 kontrola / control 53 15 244 8.7 36.5
Jersey |Rozdil/Difference % -27.7 -24.7 -47.9 -46.0 -15.7
suchav./ dry v.
2009 kontrola / control
Rozdil/ Difference %
sucha v./ dry v. 32.7 10.6 64.2 2.1 31.7
2010 kontrola / control 47 7.3 37.7 0.7 19.1
Tadmor |Rozdil/ Difference % -30.4 45.2 70.3 200.0 66.2
Tab. 3 Pofadi genotypu je€mene podle dosazené nejvy$si hodnoty vynosotvornych parametr(i v letech 2009 a 2010 v suché varianté / Tab. 3
The order of genotypes according to the highest value of yield parameters in the dry variant in 2009 and 2010
Vyska rostlin / Pocet klast Pocet zrn Hmotnost zrn HTS / 3 poradi /
Plant height na kvétinac / na kvétinac / na kvétinac / TGW (g) order
(cm) Number of Number of Weight of grains
ears per grains per per a container
a container a container
Odruada / Variety 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
Amulet 2 4 2 2 3 2 3 2 2 4 3 2
Bojos 3 5 3 3 2 3 2 3 1 3 2 3
Jersey 1 1 4 4 4 4 4 4 3 5 4 4
Malz 4 2 1 5 1 5 1 5 3 2 1 5
Tadmor - 3 - 1 - 1 - 1 - 1 - 1
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odrida znaéné poskozena. Jako nejlepsi genotyp byla v roce 2010
na zakladé parametrd uvedenych v tab. 2 vyhodnocena linie Tadmor.
U tohoto genotypu vSak nebylo mozno porovnat vynosotvorné para-
metry s rokem 2009, nebot Tadmor vlivem teplého jara nepreSel do
generativni faze rGstu. Linie Tadmor se fadi spiSe mezi ozimé geno-
typy, vyzaduje vSak jen kratkou dobu vernalizace. Tento genotyp ne-
vykazal vynosotvorné poskozeni rostlin v suché varianté (30% nasy-
cenl' dey) v porovnénl' s variantou kontrolnl’ (75% nasycenl' pudy).
tivné snasi zamokreni kofenu. Pfi stejné zalivce vSech sledovanych
genotypl u né&j byva kontrolni varianta v hor§im stavu. Po oba roky
byla velmi vynosové poskozena vlivem sucha odrida Jersey, ktera je
uvadéna jako citlivd na nedostatek vlahy. Tato odrida je velmi inten-
zivni v péstebné optimalnich podminkach, coz dokumentuje vyska
rostlin (tab. 2), ale v podminkach sucha dosahla nizké urovné vyno-
sotvornych prvku (tab. 3).

Obr. 1 zachycuje aktivitu genu Dhn4 u vzorkl z jednotlivych odbéra
suché varianty (30% nasyceni pldy). U kontrolni varianty (75% na-
syceni plidy) nebyla aktivita genu detekovana. Nase zjisténi potvrzuje
prace Choi et al.[16], ktera uvadi, ze Dhn geny kédované typem YSK,
(kam fadime gen Dhn4) jsou u je¢menu aktivovany suchem a za ,nor-
malnich“ podminek rlistu rostlin k expresi genu nedochazi. Relativni
exprese testovaného genu ukézala rozdilnou reakci rostlin v rdmci
let 2009 a 2010. Ackoliv tab. 1 zachycujici primérné teploty pro jed-
notlivé odbéry nevykazuje vyrazné rozdily, celkové byl rok 2010 vih¢i
(vy$Si uhrn srazek a vy$si vzdusna vihkost oproti roku 2009) a chlad-
néjsi, zejména v jarnim obdobi. Tomu odpovida i obranna reakce rost-
lin vaéi suchu. Pro oba roky je spoleéna tendence néastupu aktivity
genu Dhn4.V prvnich dvou odbérech vzorkll ze suché varianty (I.,
II.) byl zaznamenan jen slaby signél na hranici detekce, aktivita genu
narostla az v lll. a zejména IV. odbéru. Nejvy$si exprese genu byla
zaznamenana v roce 2009 ve IV. odbéru. Z genotyp, které byly tes-
tovany, byla nejvyssi exprese v roce 2009 detekovana u odrid Malz
a Bojos. Aktivita genu u zbyvajicich genotypU byla nizsi a rozdily mezi
nimi byly dostate¢né prikazné. V roce 2010 byla exprese genu
u v8ech odrdd asi 4x niz$i. Genotypem s nejvyssi aktivitou byla od-
rida Jersey a na srovnatelné urovni byla exprese genu u linie Tadmor
a odrady Malz.

Vyhodnoceni experimentu jsme provedli méfenim relativni exprese
genu Dhn4 a vyjadifenim vztahu aktivity tohoto genu s vybranymi vy-
nosovymi prvky. Vztahy mezi jednotlivymi testovanymi parametry pro
oba roky ukazuji tab. 4, 5. Rok 2009 charakterizuje vyssi primérna
vy$ka vSech genotypl v porovnani s rokem 2010 a s vy$si vySkou
rostliny je v negativnim vztahu aktivita genu Dhn4 (2009). Tésny ko-
relaéni vztah mezi snizenim jednotlivych prvk( a mirou exprese genu
byl zjistén v pfipadé exprese genu Dhn4 z druhého odbéru a poétem
klasl, po¢tem zrn a jejich hmotnosti (tab. 4). V pfipadé ¢tvrtého od-
béru byl tésny korelaéni vztah zjistén mezi mirou aktivity genu Dhn4
a po¢tem zrn a jejich hmotnosti.

V roce 2010 byla zjiSténa pozitivni a statisticky vyznamné vyssi ko-
relace miry exprese ochranného genu ze |V. odbéru s vyskou rostliny,

Obr. 1Hodnoceni relativni exprese genu Dhn4 z 1.—IV. odbéru vzorku listli z let 2009 a 2010/ Fig. 1 The evaluation
of relative expression of the Dhn4 gene from -1V leaf sampling in 2009 and 2010

the wet and dry variant for each parameter. The individual varieties
are compared in Tab. 3, they are ordered according to the lowest dam-
age of plants due to drought. In 2009 the variety Malz was evaluated
as the best genotype compared to 2010 when the highest visual dam-
age was recorded in the variety Malz. It was probably caused by gen-
erally wetter weather accompanying with powdery mildew which dam-
aged this variety considerably. Based on the parameters given in Tab.
2, the best genotype in 2010 was the line Tadm. In this genotype,
however, it was not possible to compare the yield parameters with
those achieved in 2009 as Tadmor due to hot spring did not get into
the generative growth phase. The line Tadmorbelongs to winter geno-
types but it requires only a short vernalization period. This genotype
did not exhibit damage of plant yield in a dry variant (30% of soil sat-
uration) compared to the control (75% of soil saturation). The line Tad-
mor has been found to react negatively to water-logging of roots [18].
With the same watering of all the genotypes under study, the control
variant of this line was usually in a worse state. Yield of the variety
Jersey was heavily damaged in both years; the variety is sensitive to
a lack of moisture. This variety was very intensive under the optimal
growing conditions as documented by the height of plants (7ab. 2)
but under the dry conditions, it achieved low yield producing param-
eters (Tab. 3).

Fig. 1shows activity of the Dhn4 gene in samples from the individual
collections of the dry variant (30% of soil saturation). In the control
variant (75% of soil saturation) gene activity was not detected. Our
finding is confirmed by study of Choi et al. [16] who present that Dhn
genes encoding YSK,-type (including the Dhn4 gene) are activated
by drought in barley and under “normal“ plant growing conditions the
gene expression does not occur. Relative expression of the tested
gene showed a different response of plants in the period of 2009 and
2010. Although Table 1 showing average temperatures for the indi-
vidual samplings does not indicate any pronounced differences, year
2010 was wetter (higher precipitation sum and higher air humidity)
compared to 2009 and colder, mainly in the spring period. It is also
in compliance with the plant defense response to drought. Both years
exhibited tendency to the gene activity. In the first two sample collec-
tions from the dry variant (I, 11) only a low signal at the detection level
was recorded, gene activity increased only in the third and especially
fourth collection. The highest expression of the gene in 2009 in the
fourth taking. In 2009 the highest expression was detected in the va-
rieties Malz and Bojos. Activity of the gene in the other genotypes
was comparable. In 2010 gene expression was in all varieties ca four
times lower and differences between these varieties were not con-
clusive. The variety Jersey was a genotype with the highest activity
and gene expression in the line Tadmor and the variety Malz was
comparable.

The experiment was evaluated by relative expression of the Dhn4
gene and relationship between this gene activity and selected yield
parameters. Relationship between the individual parameters tested
for both years are given in Tab. 4 and 5. Year 2009 was characterized
by a higher average height
of all genotypes compared
to 2010 and higher plant
height was in negative cor-

Aktivita genu Dhn4

relation with activity of the
Dhn4 gene (Tab. 4). A close
correlation between the de-

cline in the individual pa-
rameters and the extent of

02010 m 2009

gene expression was found
in expression of the Dhn4

gene from the second sam-
pling and number of ears,

RE

number of grains and their
weight (7ab 4). In the fourth

sampling a close correla-
tion was found between the

extent of the Dhn4 gene ac-

tivity and number of grains
and their weight.

In 2010 positive and sta-
tistically significantly higher

2010 correlation between the rel-

o% Oy o%
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ative expression of the pro-
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celkové vykazal vztah aktivity genu ze IV. odbéru a vynosovych pa-
rametr(l pozitivni korelaci. Zatimco v expresi genu z druhého odbéru
vidime negativni korelaci se vSemi vynosovymi parametry. Dle Stamp
and Herzog [19] je velikost endospermu a pocet zrn ovlivnéna do-
stupnosti vody, svétla a obsahem dusiku tyden pred kvétem a po odk-
vétu rostlin. Znak hmotnosti tisice semen je uréovan i specifickou ge-
notypovou reakci. Nékteré genotypy tvofi za nepfiznivych podminek
vétsi pocet velmi drobnych zrn, naproti tomu jiné genotypy tvofi maly
pocet plnych obilek.

Ackoliv bylo nasim cilem se co nejvice béhem pokusu pfiblizit re-
alnym podminkam péstovani jeémene na poli, nékteré parametry ne-
bylo mozné ovlivnit. A je pravdépodobné, Ze tyto parametry mohly
mit sv(j podil na aktivité genu. Rostliny byly péstovany v nadobéach
a zalivka byla udrzovana hmotnostné, ale vlivem chladnéj$iho poc¢asi
mohla rostlina odliSné vnimat signaly sucha na listech a na kofenech.
Zaroven pod pristfeSkem byla vyssi vihkost oproti okoli a také zde
byla vy$Si teplota. V roce 2009 byla ve sledovaném obdobi 14.5. —
19.6. zZjiSténa primeérna maximalni teplota 21,71 °C a minimalini tep-
lota 9,51 °C, uhrn srazek ve sledovaném obdobi €inil 83,75 mm a re-
lativni vlhkost vzduchu Cinila 64,7 %. Zatimco v roce 2010 byla ve
stejném obdobi maximalni teplota 19,91 °C, minimalni 10,97 °C
a srazky €inily 175 mm s relativni vlhkosti vzduchu 72,55 %. Rok
2009 byl tedy teplejsi a sussi (s nizsi vihkosti vzduchu), Eéemuz od-
povida i nami zjisténa mira ochranné reakce rostlin (relativni exprese
genu Dhn4).

Nase vysledky jednozna¢né neodpovidaji pfedstavé o rychlejsi
a vys$si expresi genu Dhn4 u jeémen( tolerantnich k suchu [13, 18].
Ackoliv odrida Malz, ktera je povazovana za méné citlivou k suchu,
v roce 2009 vykazala rychlé spusténi obranné reakce viéi stresu za
dosazeni nejlepsich vynosovych parametrll. Zafazena tolerantni od-
rida Tadmor po oba roky vykazala pozdéj$i nastup exprese dehyd-
rinového genu na Urovni méné tolerantnich odrad. Vzhledem k zaji-
mavym hodnotam vynosovych prvkid v roce 2010 je mozné, ze ma
tato odrGda odli$nou citlivost vnimani stresu (stresovy impulz nebyl
dostate¢ny).

Sledovani korelace mezi relativni mirou exprese ochranného de-
hydrinového genu Dhn4 a vybranych vynosovych paramentr(i uka-
zalo na vliv ro€niku. Do danych péstebnich podminek je potfeba zvolit
odpovidajici odrlidu a hodnoceni vztahu miry ochranné reakce rostlin
a dosazeného vynosu by mohlo byt vyuzito jako nastroj k volbé adap-
tabilni odridy. A relativni exprese ochranného genu Dhn4 by bylo
mozné vyuzit jako miru odolnosti odriid viéi suchu.

Podékovani

Prace byla podpofena grantem MZe NAZV QH91192 a projektem
MSMT 1M0570 — Vyzkumné centrum pro studium obsahovych latek
je€mene a chmele.

relationship between the activity of the gene from the sampling IV
and yield parameters showed positive correlation while expression of
the gene from the second sampling showed negative correlation with
all yield parameters. According to Stamp and Herzog [19], endosperm
size and the number of grains was affected by water availability, light
and nitrogen content before flowering and after plant ceased bloom-
ing. The parameter thousand grain weight is also determined by a spe-
cific genotype response. Under unfavorable conditions, some geno-
types form a higher number of very petty grains while others form
a small number of full caryopses.

Although we tried to imitate real field conditions of barley growing
in this experiment, it was not possible to affect some parameters. And
presumably, these parameters could contribute to the gene activity.
Plants were grown in containers and watering was maintained by
weight but due to colder weather plants could perceive signals of
drought on leaves and roots differently. At the same time under the
shelter there was a higher humidity and temperature compared to the
environment. In 2009, in the period studied (May 14 — June 19), the
average maximal temperature of 21.71 °C and minimal 9.51 °C were
determined, precipitation sum in the followed period was 83.75 mm
and relative air humidity 64.7 %. While in 2010 in the same period
maximal temperature was 19.91 °C, minimal 10.97 °C and precipita-
tions were 175 mm with relative air humidity of 72.55 %. It means that
year 2009 was warmer and drier (with lower air humidity) and the ex-
tent of the plant protective defense response determined by us cor-
responded to it (relative expression of the Dhn4 gene).

Our results do not ambiguously correspond to the concept about
a faster and higher Dhn4 gene expression in barleys tolerant to
drought[13, 18]). The variety Malz, although considered less sensitive
to drought, showed fast triggering of the defense response to stress
while achieving the best yield parameters in 2009. The tolerant variety
Tadmor showed in both years a later onset of the expression of the
dehydrin gene, at the level of less tolerant varieties. Considering the
interesting values of the yield parameters achieved by this variety in
2010itis possible that it had a different sensitivity to stress perception
(stress impulse was not sufficient).

The correlation between the relative expression of protective gene
Dhn4 and selected yield paramentri showed the effect of year. A suit-
able variety must be selected for the given growing conditions and
the evaluation of the relationship of the extent of the extent of the
plant defense response and achieved yield could be used as tools
for the selection of an adaptable variety. And the relative expression
of protective gene Dhn4 could be used as a measure of resistance
of varieties to drought.
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Tab. 4 Korelace relativni (r) exprese genu Dhn4 z odbéra vzorkl |.—IV. (sucha varianta) v roce 2009 u odrid Amulet, Bojos, Jersey, Malz,
Tadmor ve vztahu k poskozeni vynosu / Tab. 4 Correlation of relative (r) expression of the Dhn4 gene from sample collections I-IV (dry
variant) in the varieties Amulet, Bojos, Jersey, Malz, Tadmor in relation to damage of yield in 2009

RE Dhn4 1. RE Dhn4 Il. RE Dhn4 Ill. RE Dhn4 IV.
Vyska rostlin / Plant height 0.13 -0.90* 0.24 -0.73
Pocet klasti / Number of ears 0.14 0.97* 0.05 0.52
Pocet zrn / Number of grains -0.36 0.85* -0.35 0.76*
Hmotnost zrn -0.34 0.85" -0.36 0.78*
HTS / TGW -0.06 -0.51 -0.61 0.43

(* statisticky vyznamné pro p = 0,95, ** statisticky vyznamné pro p = 0,99 / “statistically significant for p = 0.95 **statistically significant for p = 0.99)

Tab. 5 Korelace relativni (r) exprese genu Dhn4 z odbérd vzork( |.—IV. (sucha varianta) v roce 2010 u odrdd Amulet, Bojos, Jersey, Malz,
Tadmor ve vztahu k poskozeni vynosu / Tab. 5 Correlation of relative (r) expression of the Dhn4 gene from sample collections I-IV (dry
variant) in the varieties Amulet, Bojos, Jersey, Malz, Tadmor in relation to damage of yield in 2010

RE Dhn4 1. RE Dhn4 Il. RE Dhn4 Ill. RE Dhn4 IV.
Vyska rostlin / Plant height -0.21 -0.37 -0.66 0.92*
Pocet klasti / Number of ears -0.34 -0.62 -0.44 0.48
Pocet zrn / Number of grains -0.41 -0.59 -0.46 0.35
Hmotnost zrn -0.43 -0.59 -0.47 0.32
HTS /TGW -0.72* -0.89* -0.62 0.19

(* statisticky vyznamné pro p = 0,95, ** statisticky vyznamné pro p = 0,99 / “statistically significant for p = 0.95 **statistically significant for p = 0.99)
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