
Acta Agronomica Hungarica, 61(3), pp. 175–183 (2013) 
DOI: 10.1556/AAgr.61.2013.3.1 

0238–0161/$ 20.00©2013 Akadémiai Kiadó, Budapest 

STUDY OF THE EFFECT OF ABIOTIC STRESS ON THE 
ANTIOXIDANT ENZYME ACTIVITY OF CEREALS UNDER 

REGULATED ENVIRONMENTAL CONDITIONS 

B. VARGA, S. BENCZE, T. JANDA and O.VEISZ 

AGRICULTURAL INSTITUTE, CENTRE FOR AGRICULTURAL RESEARCH,  
HUNGARIAN ACADEMY OF SCIENCES, MARTONVÁSÁR, HUNGARY 

Received: 2 July, 2013; accepted: 6 August, 2013 
 
 
 
 
 
 
 
 
 
 
The impacts of climate modification were examined in terms of changes in the stress 

tolerance of winter wheat varieties. The enzyme reactions of two winter wheat varieties to 
drought stress, simulated by water withholding in three different phenophases, were 
analysed in a phytotron experiment in the Centre for Agricultural Research, Hungarian 
Academy of Sciences. Plants were raised either at ambient CO2 level or at twice this 
concentration. The quantities of glutathione reductase (GR), glutathione-S-transferase 
(GST), catalase (CAT), guaiacol peroxidase (POD) and ascorbate peroxidase (APX) were 
determined from leaf samples collected at the end of the drought treatment.  

The results showed that antioxidant enzymes may help to counterbalance the reactive 
oxygen species induced by stress during various stages of the vegetation period. Although 
there were substantial differences in the changes induced in the activity of individual 
enzymes by modifications in environmental factors, this activity and its response to stress 
depended not only on these factors, but also on the developmental stage of the plant. 
Modifications in enzyme activity could indicate that enhanced CO2 concentration delayed 
the development of drought stress up to first node appearance, and stimulated antioxidant 
enzyme activity when drought occurred during ripening. 

Key words: climate change, drought stress, antioxidant activity, elevated CO2, 
winter cereals 

Introduction 

Agriculture generally, and cereal production in particular, needs to adapt 
to the favourable and unfavourable effects of climate change expected in the 
future (Ortiz et al., 2008; Luo et al., 2009; Xiong et al., 2010). The climate in the 
Carpathian Basin tends to extremes, so crop producers are faced with a number 
of challenges, often within the same growing season. Similarly to the trends 
observed globally and on a continental scale, the mean temperature in Eastern 
Central Europe rose in the second half of the 20th century (Bartholy and 
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Pongrátz, 2007). Drought is predicted to become more frequent, as is the 
occurrence and intensity of excessive rainfall. Periods of drought are also 
tending to become longer, so water deficiency is likely to become an 
increasingly severe problem for cereal production (Brázdil et al., 2009). 

The more frequent occurrence of abiotic stresses such as extreme weather 
events due to climate change will have a great influence on the development of 
cereal plants and thus on yields (Farshadfar et al., 2000; Németh et al., 2005; 
Barnabás et al., 2008; D’Souza et al., 2009). The primary cause of higher 
average temperature is the increase in the atmospheric CO2 level. However, the 
yield-reducing effects of extremely high temperature and water deficit are 
moderated by an increase in the ambient CO2 concentration (Veisz et al., 2005; 
Bencze et al., 2007). By damaging numerous physiological functions, abiotic 
stress often leads to the greater activity of reactive oxygen species (ROS). The 
antioxidant enzyme activities of different genotypes respond differently to 
changes in environmental conditions (Janda et al., 2003; Jaleel et al., 2008; 
Kocsy et al., 2011), and many authors have reported that the CO2 concentration 
has a considerable influence on the stress sensitivity of plants via changes in 
antioxidant enzyme activity (Fernández-Trujillo et al., 2007; Ali et al., 2008). 

The aim of the present study was to observe the effect of environmental 
conditions on the antioxidant enzyme activity of winter wheat varieties and to 
determine the parts of the vegetation period in which various enzymes made the 
greatest contribution to the plant defence mechanism.  

Materials and methods 
Plant material and experimental layout 

A model experiment involving two varieties with diverse genetic backgrounds was carried 
out in the phytotron of the Centre for Agricultural Research, Hungarian Academy of Sciences. Mv 
Regiment (REG) is a high-yielding, soft-grained intensive wheat variety capable of yielding 8–9 
t/ha under optimum conditions. Due to its very early heading, it usually matures before the hot, dry 
summer weather occurs. Mv Mambó (MAM) is a high-yielding, hard-grained bread wheat with 
good quality and excellent adaptation. It has outstanding frost resistance and matures early. 

Two Conviron PGV-36 (Controlled Environments Ltd., Winnipeg, Canada) climatic units 
were used for the experiment, with different atmospheric carbon dioxide concentrations: the 
ambient level of 380 µmol mol–1 (NC) and an elevated level of 750 µmol mol–1 (EC). The plants 
were grown using the Spring2–Summer2 climatic programme, in which the initial air temperature 
of 10–12°C was increased to 20–24°C over a period of 16 weeks. Air humidity was kept between 
64% and 76%, while the light intensity rose gradually from 200 μmol/m2s to 350 μmol/m2s over 
the vegetation period (Tischner et al., 1997). After 42 days of vernalisation, the seeds were planted 
four to a pot, each containing 3000 cm³ of a 3:1:1 mixture of soil, sand and Vegasca (a humus-
containing additive manufactured by Florasca).  

The plants were watered every two days and nutrient solution was provided twice a week 
until the start of the drought treatment. Drought was induced in three phenophases, first node 
appearance (FNA), heading (H) and grain filling (GF), by withholding water completely for 7 
days, as the result of which the volumetric soil water content dropped from the control value of 
20–25% to 3–5% and the plants began to exhibit symptoms of water deficiency.  
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Enzyme assays 

For the analysis of enzyme activities, samples were collected from the youngest fully 
expanded leaves between 8 and 9 am, and 0.5 g tissue was homogenised in 2 ml ice-cold Tris 
buffer (0.5 M, pH 7.5) with 3 mM MgCl2 and 1 mM EDTA. After centrifugation at 10 000 g for 
20 min, aliquots of the supernatant were used for measurements (Janda et al., 2005).  

The catalase (CAT; EC 1.11.1.6.) activity of the extract was measured 
spectrophotometrically by monitoring the decrease in absorbance at 240 nm according to Janda et 
al. (1999). The reaction mixture contained 0.44 M Tris buffer (pH 7.4), 0.0375% H2O2 and 
enzyme extract (ε = 0.0436 mM–1 cm–1). The ascorbate peroxidase (APX; EC 1.11.1.11.) activity 
was determined in the presence of 0.2 M Tris buffer (pH 7.8) and 5.625 mM ascorbic acid 
according to Janda et al. (1999). The reaction was started with 0.042% H2O2. The decrease in 
absorbance was monitored at 290 nm (ε = 2.8 mM–1 cm–1). The guaiacol peroxidase (POD; EC 
1.11.1.7.) activity was measured at 470 nm as described by Ádám et al. (1995). The reaction 
mixture consisted of 88 mM Na-acetate buffer (pH 5.5), 0.88 mM guaiacol, 0.0375% H2O2 and 
enzyme extract (ε = 26.6 mM–1 cm–1). The glutathione reductase (GR; EC 1.6.4.2.) activity was 
determined at 412 nm according to Smith et al. (1988). The reaction mixture contained 75 mM Na-
phosphate buffer (pH 7.5), 0.15 mM diethylenetriamine-pentaacetic acid, 0.75 mM 5,5’-
dithiobis(2-nitrobenzoic acid), 0.1 mM NADPH, 0.5 mM oxidized glutathione and 50 μl plant 
extract in a total volume of 1 ml (ε = 14.15 mM–1 cm–1). The glutathione-S-transferase (GST; EC 
2.5.1.18) activity was measured by following changes in the absorbance at 340 nm (ε = 9.6 mM–1 
cm–1) in a mixture containing 72.7 mM Na-phosphate buffer (pH 6.5), 3.6 mM reduced 
glutathione, 1 mM 1-chloro-2,4-dinitrobenzene and enzyme extract (Mannervik and Guthenberg, 
1981). The activities were expressed in nkat/g FW. 

Statistical analysis 

Two-factor analysis of variance based on five replications was used to determine 
significant differences as described by Láng et al. (2001). The results were evaluated at the SD5% 
level. 

Results 

A significant increase in the GR activity of Mv Mambó was detected in all 
three phenophases (FNA, H, GF) in the case of both CO2 concentrations when 
the soil moisture content was lower than 5% (Table 1). The greatest alteration in 
activity was recorded when drought stress was simulated during the heading 
period. In this phenophase a constant increase in the enzyme quantity was 
recorded even in plant samples from pots with a soil moisture content of 5–10%. 
This was also typical for Mv Regiment at normal CO2 concentration (Table 1), 
but no significant difference was detected for this genotype at elevated CO2, 
either at heading or in the grain-filling stage. Substantial differences were 
observed between these varieties in the case of GST activity. Water shortage at 
first node appearance resulted in a significant increase in the enzyme activity of 
Mv Mambó at enhanced CO2 and in the case of Mv Regiment at normal 
concentration (Table 2).  
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Table 1  
Activity of glutathione reductase at different soil moisture levels 

(Mam: Mv Mambó; Reg: Mv Regiment; FNA: first node appearance; H: heading;  
GF: grain filling; NC: 380 µmol mol–1 CO2; EC: 750 µmol mol–1 CO2) (P=0.05) 

VWC % Mam FNA NC Mam FNA EC Mam H NC Mam H EC Mam GF NC Mam GF EC 

>15.1 37.53 41.78 40.23 28.76 40.78 25.78 
10.1−15.0 39.08 44.38 42.24 31.54 42.09 26.09 
5.1−10.0 40.42 51.90 92.00 57.29 46.02 22.91 

<5.0 46.24 53.44 91.48 69.61 49.09 33.06 
SD5% 5.65      

VWC % Reg FNA NC Reg FNA EC Reg H NC Reg H EC Reg GF NC Reg GF EC 

>15.1 47.23 40.33 61.74 48.17 45.85 28.90 
10.1−15.0 45.79 42.79 67.45 48.05 48.81 31.54 
5.1−10.0 50.74 44.22 76.90 38.64 46.13 34.83 

<5.0 54.82 50.45 76.08 46.95 51.68 28.89 
SD5% 7.07      

Significantly higher enzyme activity was determined for both varieties at 
heading in the case of ambient carbon dioxide concentration when the soil 
moisture content decreased below 10%, but they had different responses to the 
higher level of CO2. The GST activity of Mv Mambó declined regularly, while 
in Mv Regiment the enzyme activity rose significantly at soil moisture contents 
below 5%. At maturity the enzyme activity of both varieties was reduced by the 
stress effect. 

Table 2  
Activity of glutathione-S-transferase at different soil moisture levels  

(Mam: Mv Mambó; Reg: Mv Regiment; FNA: first node appearance; H: heading;  
GF: grain filling; NC: 380 µmol mol–1 CO2; EC: 750 µmol mol–1 CO2) (P=0.05) 

 
VWC % Mam FNA NC Mam FNA EC Mam H NC Mam H EC Mam GF NC Mam GF EC 

>15.1 20.59 13.21 61.50 70.16 52.35 46.75 
10.1−15.0 16.97 20.39 65.70 62.97 49.59 45.75 
5.1−10.0 12.20 21.45 80.44 59.85 40.53 25.80 

<5.0 15.49 22.11 91.16 55.63 32.90 28.01 
SD5% 6.25      

VWC % Reg FNA NC Reg FNA EC Reg H NC Reg H EC Reg GF NC Reg GF EC 

>15.1 15.59 24.04 50.75 60.24 67.49 50.67 
10.1−15.0 25.80 25.09 58.84 52.39 66.03 50.52 
5.1−10.0 23.60 23.74 85.21 56.19 64.96 50.34 

<5.0 27.93 35.38 87.69 75.39 57.31 45.74 
SD5% 6.25      
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Different levels of CAT activity were detected for the two varieties. In Mv 
Mambó the CAT activity decreased in response to drought stress at normal CO2 
level, while that of Mv Regiment exhibited an increasing tendency (Table 3). An 
increase in enzyme activity was observed for both genotypes at heading, 
irrespective of the atmospheric CO2 levels. During ripening the CAT activity of 
Mv Mambó declined in response to stress due to the early forced ripening, while 
plants which were given normal water supplies had significantly higher enzyme 
activity values. A similar tendency was observed for Mv Regiment, except that at 
elevated CO2 level the enzyme activity remained high despite the water shortage. 

In response to water shortage at first node appearance, the POD activity 
only rose substantially at low soil moisture levels (<5%). This tendency was 
observed for both varieties at both CO2 levels (Table 4). At heading substantial 
differences were detected between the CO2 levels. At ambient concentration 
there were no modifications in the enzyme activity of Mv Mambó, while for Mv 
Regiment enzyme activity increased regularly at soil moisture contents of below 
10%. At elevated CO2 level a significant decrease in the enzyme level was 
observed in both genotypes. No differences were detected in the grain-filling 
stage: both genotypes responded to water deficit with a significant rise in 
enzyme activity at a soil moisture level of below 5%. The enzyme level 
increased from shooting to heading, after which a decreasing tendency was 
observed during grain filling. 

Table 3  
Activity of catalase at different soil moisture levels 

(Mam: Mv Mambó; Reg: Mv Regiment; FNA: first node appearance; H: heading;  
GF: grain filling; NC: 380 µmol mol–1 CO2; EC: 750 µmol mol–1 CO2) (P=0.05) 

VWC % Mam FNA NC Mam FNA EC Mam H NC Mam H EC Mam GF NC Mam GF EC 
>15.1 20229.36 18279.82 20172.02 18750.00 24587.16 24059.63 

10.1−15.0 16662.84 21295.87 21433.49 21972.48 26892.20 23472.48 
5.1−10.0 14614.68 24275.23 22468.72 21410.55 22557.34 26743.12 

<5.0 13231.65 22467.89 23.188.07 22924.31 20977.06 19658.26 
SD5% 2293.58      

VWC % Reg FNA NC Reg FNA EC Reg H NC Reg H EC Reg GF NC Reg GF EC 

>15.1 16573.39 25584.86 20275.23 24133.03 25009.17 20293.58 
10.1−15.0 24811.93 27458.72 21321.10 26146.79 23486.24 20623.85 
5.1−10.0 19254.59 25300.46 24243.12 26983.94 21816.51 24311.93 

<5.0 23034.40 23213.30 25479.36 29541.28 26330.28 26917.43 
SD5% 2187.62      
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Table 4 
Activity of guaiacol peroxidase at different soil moisture levels 

(Mam: Mv Mambó; Reg: Mv Regiment; FNA: first node appearance; H: heading;  
GF: grain filling; NC: 380 µmol mol–1 CO2; EC: 750 µmol mol–1 CO2) (P=0.05) 

VWC % Mam FNA NC Mam FNA EC Mam H NC Mam H EC Mam GF NC Mam GF EC 

>15.1 414.89 498.48 11.95.04 1825.62 1120.22 1495.76 
10.1−15.0 439.94 658.75 1207.25 1942.39 1153.62 1595.82 
5.1−10.0 477.04 655.02 1235.04 1332.64 1251.97 1792.60 

<5.0 759.27 1123.09 1308.27 885.78 1417.53 1684.96 
SD5% 144.36      

VWC % Reg FNA NC Reg FNA EC Reg H NC Reg H EC Reg GF NC Reg GF EC 

>15.1 665.81 596.90 1325.14 1881.91 1150.27 1392.60 
10.1−15.0 581.79 516.51 1374.24 1559.24 1140.90 1320.23 
5.1−10.0 610.75 640.96 1787.30 1419.39 1241.58 1548.36 

<5.0 909.80 881.32 1786.61 1436.41 1468.51 1764.94 
SD5% 135.34      

Modifications in the APX activity as the result of water shortage were 
detected in various phenophases in both genotypes. In Mv Mambó a slight 
reduction in water supplies at shooting led to a significant rise in the enzyme 
activity at both CO2 levels, while enhanced enzyme activity was only observed at 
the higher CO2 level for Mv Regiment (Table 5). A reduced APX enzyme level 
was observed at heading in both genotypes as the result of water shortage, but 
this tendency was more intensive for Mv Regiment. As a consequence of water 
withdrawal in the shooting stage, there was an increase in enzyme activity, but in 
the later phenophases lower enzyme activities were recorded in the treated 
plants. 

Table 5 
Activity of ascorbate peroxidase at different soil moisture levels 

(Mam: Mv Mambó; Reg: Mv Regiment; FNA: first node appearance; H: heading;  
GF: grain filling; NC: 380 µmol mol–1 CO2; EC: 750 µmol mol–1 CO2) (P=0.05) 

VWC % Mam FNA NC Mam FNA EC Mam H NC Mam H EC Mam GF NC Mam GF EC 
>15.1 49.98 53.68 87.59 84.05 52.55 53.22 

10.1−15.0 73.29 80.04 80.84 88.91 53.16 54.02 
5.1−10.0 109.58 87.27 61.62 76.60 52.14 46.03 

<5.0 106.71 96.75 33.91 70.62 51.34 59.23 
SD5% 16.07      

VWC % Reg FNA NC Reg FNA EC Reg H NC Reg H EC Reg GF NC Reg GF EC 

>15.1 113.11 87.27 182.25 197.20 62.87 101.89 
10.1−15.0 94.34 113.66 162.32 215.16 64.61 108.32 
5.1−10.0 120.34 116.49 155.41 90.68 67.21 71.16 

<5.0 133.17 180.84 87.27 63.10 90.64 96.72 
SD5% 32.14      
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Discussion 

Drought tolerance is a mechanism determined by numerous physiological 
processes, including defensive mechanisms against oxidative stresses. Wheat 
cultivars were described to have different levels of tolerance to water deficit-
induced oxidative stress (Khanna-Chopra and Selote, 2007). Previous studies 
had a simple design; however, the response of plants to water stress is influenced 
by several environmental factors, and also by the physiological status of the 
plants. The present study provides a more complex description of the responses 
of the antioxidant systems in cereals to drought, under controlled conditions. 

Siminova-Stoilova et al. (2009) reported that the highest CAT activity was 
generally exhibited in late spring and summer, but Khanna-Copra and Selote 
(2007) recorded higher CAT and GR activity during drought stress. CAT 
activity was chiefly dependent on the development of water deficit, particularly 
during the heading period in this model experiment. 

Since plants often respond to unfavourable conditions with an elevated 
level of GST activity (Janda et al., 2003; 2005), it was thought that this enzyme 
might have a role in the induction of stress tolerance.  

Lascano et al. (2001) reported higher APX, GR and GST activity in wheat 
cultivars with broad abiotic stress tolerance. In another study, a modern cultivar 
with good drought tolerance was found to generate more ROS-scavenging 
enzymes than an old cultivar with a lower level of tolerance (Wang et al., 2008). 
In the present experiment enhanced GST and APX activity was observed for Mv 
Mambó, while the CAT activity of this variety was outstanding. While CAT and 
APX were found to play an important role in the tolerance of the oxidative stress 
caused by drought (Sairam et al., 1998), increases in the activity of GR, GST, 
POD and CAT were recorded during the dry period in the present work, but the 
APX activity did not increase until the water supplies were restored. Due to the 
great complexity of plant drought tolerance, it cannot be claimed that ROS is the 
only factor determining the level of tolerance; however, this character may help 
plants to survive water deficit-induced damage. 

Enzyme responses to enhanced CO2 were found to vary with the plant 
species. While Fernández-Trujillo et al. (2007) detected no difference in the 
activity of the peroxidases or CAT in strawberry plants grown at different CO2 
levels, Ali et al. (2008) recorded an increase in peroxidase activity as a 
consequence of the higher CO2 concentration in ginseng plants. In the present 
work significant changes were found in the different phenophases. At first node 
appearance enhanced atmospheric CO2 prevented stress from developing in 
plants treated to water withholding. This was confirmed by the lower GR and 
GST activities measured for both genotypes in plants grown at higher CO2 
concentration. 
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