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Introduction

The exposure of plants to higher than optimal temperatures reduces the
yield and decreases the quality of cereals. Heat stress induces the decrease of the
duration of developmental phases, reduces light perception over the shortened
life cycle, and causes perturbation of transpiration, photosynthesis and respira-
tion. Especially, heat shock causes the disturbance in electron transport within
thylacoid and mitochondrial membranes, which leads to the generation of reac-
tive oxygen species (ROS) [DAVIDSON, SCHIESTL 2001; MAESTRI et al. 2002]. A
consequence of elevated temperature in plants is the oxidative damage [FITTER,
Hay 1987]. The accumulation of ROS limits the activity of several enzymes and
causes the disturbance to the membrane structure and function [ALSCHER et al.
1997). Moreover, high concentration of ROS declines the generation of ATP and
redox metabolites that are essential to cellular defence and repair [FOYER 1997].
The. overproduction of ROS could limit the plant tolerance to different stresses
[DOKE et al. 1994]. The antioxidant defence mechanism is a part of heat stress
adaptation and is strongly correlated with the thermotolerance. The activation of
antioxidant enzymes usually is initiated by a significant increase in the reactive
oxygen species (ROS) pool. Especially, the capacity to acquire thermotolerance
is associated with the activities of catalase and ascorbic acid content [SAIRAM et
al. 2000].

The goal of the presented work was to investigate if a heat shock (42°C)
lasting 1 or 3 hours modifies the activities of catalase and ascorbate peroxidase
and changes the grain yield of spring barley (Hordeum vulgare L.) cv. ‘Sezam’.

Material and methods

Seeds of spring barley cv. ‘Sezam’ were sown in plastic pots, containing a
mixture of soil : peat : sand (2 : 2 : 1 v/v/v) at pH 5.8 and grown at 18°C for 7
weeks in a phytotronic chamber at the photosynthetic photon flux density
(PPFD) of 300 umol'm-*s-'with 16 h photoperiod. Plants treated with high tem-



32 A. Plazek, E. Pociecha, R. Baczek-Kwinta

perature were in the tillering phase. The temperature was increased gradually for
2 h up to 42°C and lasted for 1 or 3 h. After this time the temperature was re-
duced back to 18°C. Control plants were kept continuously at 18°C. The activi-
ties of catalase (CAT) and ascorbate peroxidase (APX) were measured in the
third full developed leaf before heating and after 2, 24 and 72 h of recovery from
the heat shock. All control measurements were taken before the heat shock sup-
posing that activity of studied enzymes do not change in the control conditions
during three days.

Assay of catalase (CAT) (EC 1.11.1.6)

CAT activity was estimated according to AEBI [1984]. CAT activity is assayed in
the reaction mixture (3 cm? final volume) composed of 50 mM phosphate buffer
at pH 7.5 to which 30% (w/v) H,0O, is added to reach an absorbance value in the
range of 0.520-0.550 (A = 240 nm). The reaction was started after adding of
200 ul of crude extracts to the reaction mixture. CAT activity was expressed as a
decrease in absorbance at 240 nm (using spectrophotometer LKB Ultrospec 1I)
as a consequence of H,O, consumption [AEBI 1984]. The decrease in absorbance
of 0.0145 responded to 1 umol H,0, decomposed by CAT. Activity of the
enzyme expressed as umol H,O, was related to protein content. Protein concen-
tration was determined according to BRADFORD [1976] using the Bio-Rad
(Munich, Germany) protein assay with BSA as a calibration standard. Assays
were done in 5 different leaves collected from different plants.

Assay of ascorbate peroxidase (APX) (EC 1.11.1.11.)

Ascorbate peroxidase was measured spectrophotometrically according to NAKANO
and ASADA [1981]. Leaf samples were ground to a fine powder with liquid nitro-
gen and extracted with 50 mM phosphate buffer (pH 7.0) and 1 mM EDTA
(SIGMA), then centrifuged at 14 000 rpm. One cm?® of reaction mixture con-
tained 50 mM phosphate buffer (pH 7.0), 0.25 mM ascorbic acid and 0.5 mM
H,0, was mixed with 10 ul of crude extract. Absorbance was measured at 290
nm. Peroxidase activity was expressed as umol of ascorbic acid'min-'mg! pro-
tein. Assays were done in 5 different leaves collected from different plants.

Measurement of grain yield

After five weeks of recovery from heat shock the yield of ripe grain was deter-
mined in 100 ears from each studied plant group. Then, the number of grain per
one ear was calculated.

Statistical analyses

The effect of heat shock on the studied parameters was tested with F-test (analy-

sis of variance ANOVA, Statistica 5.0). The results were analysed using Duncan’s
multiple range test at « < 0.05.
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Results

One-hour heat shock initially (after 2 h of recovery from heat shock) de-
creased CAT activity, while after 72 h of recovery from heat shock CAT activity
increased in the comparison with the control plants (Fig. 1). Three-hour stress,
similarly to 1-hour treatment, caused the decrease in activity of this enzyme, but
a greater activation occurred after 24 h of recovery, thus faster in comparison
with the effect of 1-hour heat shock. One-hour treatment with temperature of
42°C increased APX activity after 24 h and caused its decrease after 72 h of re-
covery (Fig. 2). Three-hour heat shock increased APX activity 2 h after return to
18°C, and later (after 24 h) its decrease. Both 1-hour and 3-hour treatment with
42°C caused a significant decrease in the number of grains, however, no consid-
erable effect of stress time on the grain yield was stated (Tab. 1).

Table 1; Tabela 1

The influence of treatment of 7-week-old plants of spring barley ‘Sezam’ cv. with 42°C
for 1 and 3 hours on the average number of seeds obtained from one ear
(the means marked with the same letters
do not differ significantly — Duncan test a < 0.05)

Wplyw traktowania temperaturg 42°C przez jedna lub trzy godziny
na $rednia liczbe zawigzanych ziarniakéw w jednym klosie jeczmienia jarego odm. ‘Sezam’
(§rednie zazanaczone ta samag litera nie r6znia sig¢ istotnie — test Duncana a < 0,05)

1-hour-stress; 1 godz. 3-hour-stress; 3 godz.

heated; traktowane
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Fig. 1. CAT activity on barley leaves treated with the temperature of 42°C for 1 or 3
hours. The objects marked with the same letters do not differ significantly
(Duncan test @ = 0.05)

Rys. 1. Aktywno$¢ katalazy (CAT) w liSciach ro§lin jeczmienia traktowanych tempera-
turg 42°C przez 1 lub 3 godziny. Srednie zaznaczone ta sama litera nie réznia
sig statystycznie istotnic (test Duncana a = 0,05)
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Fig. 2. APX activity on barley leaves treated with the temperature of 42°C for 1 or 3

hours. The objects marked with the same letters do not differ significantly
(Duncan test a = 0.05)

Rys. 2. Aktywnos¢ peroksydazy askorbinianowej (APX) w lifciach ro§lin jgczmienia
traktowanych temperatura 42°C przez 1 lub 3 godziny. Srednie zaznaczone ta
samga litera nie réznia si¢ statystycznie istotnie (test Duncana a = 0,05)

Discussion and conclusions

Heat shock is a form of the oxidative stress, resulting in the formation of
many toxic ROS in plants [EL-SHINTINAWY et al. 2004]. A consequence of an
increase in ROS pool is the activation of the antioxidant system. SAIRAM et al.
[2000] stated that the increase in the antioxidant enzyme activity was strongly cor-
related with the heat stress adaptation of wheat plants. PANCHUK et al. [2002]
showed, that in Arabidopsis APX activity increased by severe stress at 44°C. In
the presented study the pattern of the plant response under the heat shock mani-
fested by a rapid increase in CAT and APX activities depended on stress dura-
tion. Three-hour treatment with 42°C accelerated barley reaction (activation of
CAT and APX) in comparison with one-hour stress. This reaction could be asso-
ciated with a greater increase of hydrogen peroxide concentration in cells after
three hours of heat shock than during treatment with the same temperature for
only one hour.

The extent of damage caused by exposure to a high temperature may differ
remarkably depending on the stage of growth and type of plant tissue. The tem-
perature threshold for damage by high temperatures in reproductive organs is
considerably lower than in other crop organs. Pollen viability and growth is one
of the most heat-sensitive of these developmental stages in cereals [STONE 2001].
In maize, the reduction in seed set occurs at a iemperature higher than 38°C
mainly due to the reduction in pollen germination ability and tube elongation
[Dupuis, DUMAS 1990; STONE 2001]. The temperature above 20°C decreases final
mass of wheat seedlings, while phasic development accelerates. This leads to
reduced final yields even when the rest of the season temperatures are at the
optimum. In maize, root and shoot biomasses declined by 10% per degree above
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26°C {after STONE 2001]. In the presented experiments even one-hour heat stress
decreases the grain yield of barley. It should be marked that the heat shock did
not affect plants during flowering, but probably in the early developmental phase
of inflorescence (morphological development was not stated). It could be sup-
posed that ROS damaged the primordia of spikelets during their early develop-
ment.
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Summary

In crops the temperature of 42°C causes a lost of yield, disturbance in light
phase of photosynthesis and electron transport in mitochondrium membranes.
These effects could be caused also by reactive oxygen species generated as the
aftermath of heat shock. The aim of the work was to estimate if 42°C for 1 or 3
h influences grain number and activity of antioxidant enzymes in leaves of spring
barley.

Plants of spring barley cv. ‘Sezam’ were grown at 18°C for seven weeks.
Next, temperature increased for 2 h up to 42°C and remained for 1 or 3 h. After
this time temperature declined back to 18°C. Control plants were kept at 18°C.
The activities of catalase (CAT) and ascorbate peroxidase (APX) were measured
before heat shock and 2, 24 and 72 h of recovery. CAT activity was estimated
according to AEBI [1984], while APX activity according to NAKANO and ASADA
[1981]. After the next 5 weeks the yield of rape grain was calculated.

One-hour-heat shock increased APX activity after 24 h, while CAT activity
after 72 h of recovery. Three-hour-heat shock caused first (after 2 h) increase,
and later (after 24 h) decrease in APX activity. In this case of stress-treatment
CAT activity increased in 24 h after the return to 18°C. Both 1 h and 3 h of
42°C caused a significant decrease in the number of grains.

SZOK CIEPLNY WPEYWA NA AKTYWNOSC
KATALAZY, PEROKSYDAZY ASKORBINIANOWEJ
ORAZ NA PLON ZIARNIAKOW
JECZMIENIA JAREGO (Hordeum vulgare L.)

Agnieszka Plazek, Ewa Pociecha, Renata Bgczek-Kwinta
Katedra Fizjologii Ro§lin, Akademia Rolnicza im. H. Kollataja w Krakowie

Stowa kluczowe: jeczmien, reakcja odpornosciowa, stres wysokotemperaturowy,
stres oksydacyjny

Streszczenie

Temperatura 42°C powoduje spadek plonu roslin uprawnych, zakiécenia
fazy jasnej fotosyntezy i transportu elektronéw w blonach mitochondrialnych.
Przyczyna wymienionych efektéw moze byé utleniajace dziatanie reaktywnych
form tlenu (RFT) akumulowanych w duzych iloSciach w nastgpstwie szoku termi-
cznego. Celem prezentowanej pracy bylo zbadanie, czy szok cieplny (42°C) trwa-
jacy jedna lub trzy godziny wplywa na liczbg ziarniakéw w klosach oraz aktyw-
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noé¢ enzyméw antyoksydacyjnych w li§ciach jeczmienia jarego.

Roédliny jgeczmienia jarego odmiany ‘Sezam’ wzrastaly w 18°C przez siedem
tygodni. Nast¢pnie temperatur¢ podnoszono stopniowo przez dwie godziny do
42°C i utrzymywano j3 na tym poziomie przez jedng lub trzy godziny. Po tym
czasie temperaturg obnizano stopniowo przez dwie godziny do 18°C. Prébki do
oznaczenia aktywnoSci katalazy (CAT) i peroksydazy askorbinianiowej (APX)
pobierano po 2, 24 i 72 godzinach po obniZeniu temperatury do wartoéci kontrol-
nej. Aktywno§¢é CAT oceniano wedlug metody AEBI [1984], podczas gdy aktyw-
no$¢ APX oznaczano zgodnie z procedurg NAKANO i AsADY [1981]. Po uplywie
nast¢pnych pigciu tygodni oceniano $rednig liczbg dojrzatych ziarniakéw zebra-
nych z jednego klosa.

Jednogodzinny szok termiczny powodowat wzrost aktywno$ci APX po 24
godzinach, oraz wzrost aktywnosci CAT po 72 godzinach po obnizeniu tempera-
tury do warto$ci kontrolnej. Temperatura 42°C utrzymujaca si¢ przez trzy godzi-
ny powodowata najpierw (po 2 godzinach) wzrost, a nastgpnie (po 24 godzinach)
spadek aktywnosci APX, oraz wzrost aktywnosci CAT po 24 godzinach po usta-
niu stresu. Jedno- i trzygodzinny stres wysokotemperaturowy powodowat 1stotny
spadek §redniej liczby ziarniakéw zebranych z jednego ktosa.
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