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ABSTRACT: Knowing about antioxidant enzymes activities after drought stress in plants are important, 
particularly in maize that is a sensitive plant to drought stress. Hence a study was conducted on six 
hybrids maize. Treatments were consisted of six maize hybrids: SC704, BC666, ZP599, SC524, ZP434, 
SC400 and irrigation at three regimes: optimal (100% FC), mild stress (75% FC) and severe stress (50% 
FC). Sampling was in stem elongation, tasseling and blisteringThe results showed that WUE slightly 
decreased under stress conditions, differences were non-significant. The activity of catalase and 
ascorbic peroxidase significantly increased while activity of peroxidase decreased under drought stress. 
Superoxide dismutase activity decreased and increased under mild and severe stress, respectively. 
According to These results suggest that superoxide dismutase is the best indicator for screening 
tolerance hybrids in drought stress and also stem elongation is the best stage. 
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INTRODUCTION 

 
 Maize (Zea mays L.), is an important crop in term of economical and forage, and is widely cultivated 
throughout the world. It is very sensitive to water stress during the growing season and water shortage is 
a challenge for maize production. Therefore it is urgent to understanding physiological mechanisms of maize under 
drought stress. Water use efficiency (WUE) is a key factor that determining plant production under limited water 
supply. In agronomic terms, it is defined as the ratio between total dry matter produced, or yield harvested and 
water used, or applied (Jones 1993). Yang et al. (2010) founds that drought tolerance is highly related to the plant 
antioxidant capacity and WUE.  
 Plants respond to environmental stress such as water stress by altering their cellular metabolism and invoking 
various defense mechanisms. One of the defense mechanisms is the antioxidant detoxification system which 
consists of non-enzymes antioxidants e.g. glutathione and ascorbate, and antioxidant enzymes e.g. superoxide 
dismutase (SOD), peroxidase (POD), and catalase (CAT) (Foyer and Noctor 2000). When plants are subjected to 
environmental stress a variety of reactive oxygen species (ROS) are induced, such as superoxide anion radical 
(O2

−
), hydrogen peroxide (H2O2), hydroxyl radicals (OH) and singlet oxygen (O2) (Jung 2004). The ROS may 

initiate destructive oxidative processes such as lipid peroxidation, protein oxidation, and damage to nucleic acids. 
Antioxidant enzymes are induced in plants to eliminate excess ROS. The activities of these antioxidant enzymes 
were altered when plants were subjected to stress. SOD functions as quencher to eliminate the radical of O2

−
 

thatformsH2O2. The function of CAT is to catalyze the degradation of H2O2to H2O directly. POD exists in all 
organelles of plants and catalyzes H2O2 to oxidize ascorbic acid to generate H2O at the end of this progress (Foyer 
andNoctor2000). The effects of water stress on plant antioxidation have been widely studied. A number of 
researchers have reported antioxidants activity enhanced in drought stress (Ti-da et al. 2006; Fazeli et al. 2007). 
However other researchers have reported reduction in antioxidants activity in drought stress condition (Hu et al. 
2010; Li-ping et al. 2006).Activities of antioxidant enzymes under drought stress would be extremely variable 
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among several plant species and even between two cultivars of the same species (Gao et al. 2008). The level of 
response depends on the species, development, and metabolic state of plants as well as the duration and intensity 
of the stress. Then Responses to drought are multiple and interconnect. The aim of this study was evaluation the 
effects of drought stress on WUE and antioxidative enzymes in six maize hybrids under drought stress, in order to 
better understand the physiological and biochemical mechanisms in drought resistant hybrids. 

 

 

MATERIALS AND METHODS 
 

 The experiment was conducted in Shiraz University in southwest Iran from June to September in 2010. The 
average day and night temperatures were 35

◦
C and13

◦
C, and relative humidity ranged from 25% to 45%.The farm 

loam soil had a field capacity (FC) of 33%, soil pH of 7.7, total N content of 6 mg/kg, Phosphorus of 22 mg/kg, 
potassium of 190 mg/kg. Additional nutrient,400 kg/h nitrogen were added to soil. The drought stress applied based 
on percentage of soil moisture at Field capacity, that was determined by pressure plate method. The experiment 
was carried out using a randomized complete block design with three replications and a split-plot arrangement. 
Treatments were consisted of six maize hybrids (Table 1) and irrigation (Table 2).WUE measured as the grain yield 
produced per unit transpiration. The samples for biochemical indexes were selected from flag leaf in stem 
elongation, tasseling and blistering. 
 

Table 1. Maize characteristics 

Drought Resistance Grain yield maturity country hybrid 

Most resistant 12 early maturity Iran SC400 

sensitive 15 early maturity Serbia ZP434 

resistant 11 intermediate maturity Hungary SC524 

Partly sensitive 12 intermediate maturity Serbia ZP599 

Most sensitive 11 Late maturity Croatia BC666 

Partly sensitive 11 Late maturity Iran SC704 

 

Table 2. Amount of irrigation 

Month Rain (mm) Irrigation (mm) 
100% FC 75% FC 50% FC 

July 0 290 259 227 
August 0 244 183 122 
September 0 177 132 88 
October 0 47 35 23 
Total 0 758 610 461 

 

 Superoxide dismutase activity was determined by the method of Beauchamp and Fridovich (1971) which 
measures the inhibition in the photochemical reduction of nitro blue tetra zolium (NBT) spectrophotometrically at 
560 nm. The activity of ascorbate peroxidase enzyme was measured using the method of Nakano and Asada 
(1981). The assay depends on the decrease in absorbance at 290 nm as ascorbate was oxidized. CAT activity was 
assayed spectrophotometrically by monitoring the decrease in the absorbance of H2O2 at 240 nm using the 
method of Dhindsa et al. (1981). POX activity was determined at 470 nm by its ability to convert guaiacol to tetra 
guaiacol according to the method of Chance and Maehly (1955). 
 All the data were statistically analyzed by ANOVA. Statistical significance (p<0.05) of the means were 
determined by Duncan’s multiple range test using SAS and MINITAB software’s. 
 

RESULTS AND DISCUSSION 

 

Water use efficiency 

 Plant resistance to drought stress can be improved through drought avoidance or drought tolerance, among 
which drought avoidance mechanisms tend to conserve water by promoting WUE (Amudha and Balasubramani 
2010). In this experiment, under drought stress conditions WUE slightly decreased, although differences were non-
significant (Fig 1). Yazar et al. (2009) also found that WUE decreased or remained unaffected under drought 
stress. Orthogonal comparisons showed that in optimal irrigation, ZP434 (a sensitive hybrid) and SC400 (a 
resistant hybrid) had highest and lowest WUE, respectively. But in severe stress, resistant hybrids (SC524, SC400) 
and sensitive hybrids (BC666) had highest and lowest WUE, respectively. Some other researchers such as Yang 
et al. (2010) got the similar results. Therefore WUE of hybrids depends on the nature of drought resistance. 
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Figure 1. Water-use efficiency in normal and stress condition in maize hybrids 

 

Catalase 

 CAT activity increased under water stress in maize hybrids (Fig 2). Although increase in CAT activity was 
significant only in first and third stages. Ti – dal et al. (2006) also found that CAT activity increased in mild salt 
stress, but decreased in severe stress, and suggest that the ability of this antioxidant enzyme limited for eliminate 
ROS. Since CAT activity has an effective role in drought resistance by remove hydrogen peroxide, more activity of 
this enzyme may represent more plant resistance (Gill and Tuteja 2010). Changes in CAT activity were highly 
variable among genotypes. In stem elongation and blistering, CAT activity increased in resistant hybrids (e.g. 
SC524) more than sensitive hybrids (e.g. SC704 and BC666).In tasseling, under stress condition, CAT activity 
increased in all hybrids with exception of ZP434.This can be due to morphological adaptation and adjustment of 
water content in this hybrid (Ti – dal et al. 2006). And perhaps antioxidant system in this hybrid has destroyed in 
severe stress (Chenand Dai 1994).  

 
Figure 2. Catalase activity in normal and stress condition in maize hybrids in Stem elongation (CAT 1), Tasseling (CAT 2) and 

Blistering (CAT 3) 

Ascorbic peroxidase 

 APX has a higher affinity for H2O2 than CAT and POD, and it may have a more crucial role in the management 
of ROS during stress (Gill and Tuteja 2010). The results showed that under water stress, APX activity increased 
only in stem elongation (Fig 3). This result was agreement with Xing et el. (2004). In stem elongation, APX activity 
increased in resistant hybrids more than sensitive hybrids in severe stress. So the highest and the lowest 
increasing were observed in SC524 and BC666, respectively (Fig 3). Since APX is involved in scavenging of H2O2 
and it may have a more crucial role in the management of ROS during stress, thereupon increase in APX activity 
means increase in drought resistance. In second and third stages, considerable variations in APX activity weren’t 
observed in resistant and sensitive hybrids. These results showed that screening resistant hybrids according to 
APX and in these two stages can’t be true.  
 

 
Figure 3. Ascorbic peroxidase activity in normal and stress condition in maize hybrids in Stem elongation (APX 1), Tasseling 

(APX 2) and Blistering (APX 3) 
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Superoxide dismutase 

 The results showed that SOD change significantly in stem elongation and blistering under drought stress. 
Metallo enzyme SOD is the most effective intracellular enzymatic antioxidant which is ubiquitous in all aerobic 
organisms and in all sub cellular compartments prone to ROS mediated oxidative stress (Gill and Tuteja 
2010).SOD Activity, decreased under mild water stress, and increased under severe stress in these stages (Fig 4). 
Because in mild stress, increase in SOD activity wasn’t necessary; but in severe stress, SOD activity increased 
inevitably, for combat with oxidants, (Gaoet al. 2008). In tasseling, hybrids have highest activity based on the 
resistance to drought stress exception BC666. Namely SC400, SC524, ZP599, ZP434 and SC704 Respectively 
from resistant to sensitive. 

 
Figure 4. Superoxide dismutase activity in normal and stress condition in maize hybrids in Stem elongation (SOD 1), Tasseling 

(SOD 2) and Blistering (SOD 3) 

 

Peroxidase 

 Other name of this antioxidant is Guaiacol peroxidase (GPOX) Due to the ability of this antioxidant in 
the oxidation Guaiacol. GPOX decomposes indole-3-acetic acid (IAA) and has a role in the biosynthesis of lignin 
and defense against biotic stresses by consuming H2O2 (Gill and Tuteja 2010).Then GPOX must increase under 
drought stress. But our results showed that POD activity decreased significantly under drought stress in the first 
and second stages (Fig 5). These results suggest that POD don’t have direct role in water stress in maize. Our 
results are in agreement with Li-ping et al. (2006),Chen and Dai (1994).These authors suggested When plants 
expose to stress, Irreparable damage happens when the antioxidant system is broken. In stem elongation, level of 
decrease in POD activity don’t have specific trend in resistance and sensitive hybrids; but POD activity in resistant 
hybrids (such as SC400) was more than sensitive hybrids (such as BC666); and maybe from this point, we can 
screen resistant hybrids.POD activity increased step by step and in blistering was more than other stages. 
Tasseling and blistering are the most important stages during the whole growth period with respect to drought 
stress. Tida et al. (2006) al sowith study protective enzyme activities in summer maize found that activities of POD, 
were enhanced until the end of tassel emergence (58 days after seeding), and then decreased. 
 

 
Figure 5.peroxidaseactivity in normal and stress condition in maize hybrids in Stem elongation (POD 1), Tasseling (POD 2) and 

Blistering (POD 3) 

 

CONCLUSION 

 

 The activity of mentioned Antioxidants has studied by many researchers, and different result has earned. 
Maybe different result was due to different study or different material and methods or different treats. In this study 
changes in antioxidant activity was different in each stage.APX increased in stem elongation; CAT increased in 
stem elongation and blistering; SOD decreased and increased in mild and severe stress in all stages, and POD 
decreased in drought stress in stem elongation and tasseling. Our results show that the best stage for screening 
resistant hybrids is stem elongation, because we can screen by CAT, APX and POD. The best antioxidant for 
screening hybrids in stem elongation is APX, in tasseling is SOD and in blistering is CAT, and in general for 
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screening hybrids, SOD is the best of them. Resistant hybrids with high antioxidant activity had high WUE in 
drought stress. Highest and lowest Antioxidant activity observed in SC524 (a resistant hybrid) and SC704 (a 
sensitive hybrid), and this can be one of the reasons of drought resistance and sensitivity in these hybrids. Only in 
stem elongation, every antioxidants change significantly under stress condition and this can be the reason of 
resistance to drought stress in this stage. These results suggest that we can increase resistance in important 
stages of maize life if we change its antioxidants activity. 
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