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ABSTRACT 

 
Maize is the most important crop plant that provides food for human consumption. With increasing temperature due to 

global climate changes, the availability of water in soil declines and is considered as a major threat to crop plants. Thus, 

the development of drought tolerant varieties is pre-requisite to cope with the water shortage situation. In this study, we 

analyzed the response of two maize varieties (Azam and Baber) to drought stress using antioxidant system. The 

imposition of drought for 7 days resulted in decrease in fresh weight of leaf and total proteins. ROS such as H2O2 were 

strongly accumulated whereas MDA level was also increased indicating the ROS based lipid peroxidation under 

drought stress. With the increase in the level of H2O2, antioxidant enzymes such as APX, CAT, SOD and POD also 

showed significant increase as compared to the control leaves. Thus, the tested maize varieties responds to drought with 

enhanced enzymatic activities of the defense mechanism to cope with the elevated level of ROS and can be considered 

as drought tolerant based on possession of well established antioxidant system. 
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INTRODUCTION 

 

 Most of the crop plants are exposed to abiotic stress such as drought that has detrimental effect on growth. 

Drought results from climate change, water shortage and much water use (Mittler and Blumwald, 2010; Hu and 

Xiong, 2014). Drought frequency and severness increases as the global warming and climate may increase and 

carbon dioxide (CO2) increase day by day (IPCC, 2013). As a result, mean earth’s temperature is increasing 

(Rahmstorf et al., 2007), with heat waves in different regions of world especially in Pakistan (Meehl and Tebaldi, 

2004). Drought is considered as a severe threat for plants. It is the deficiency of sufficient moisture essential for a 

plant to grow habitually and complete its life cycle (Zhu, 2002). Plants are more susceptible to drought and climate 

change conditions especially C3 and C4 plants in which the photosynthetic carbon rapidly decreases as a result of 

stomatal closure (Hsiao, 1973; Lawlor and Cornic, 2002), ultimately leading to decrease in plant productivity. Root 

system play important role to identify water shortage at first glance and accordingly passes signal to the leaves via 

xylem sap. One of the major root-to-shoot signals are mediated by phytohormone abscisic acid (Brunner and 

Godbold, 2007). In response to these signals, leaves are able to minimize the water loss by reducing the transpiration 

flux through stomata closure and the entrance of CO2 is also limited. As a result, the net photosynthesis is reduced 

leading to accumulation of reactive oxygen species (ROS) by plants due to metabolic imbalance during drought 

stress (Mittler, 2002). 

 Various complex mechanisms are involved in drought tolerance (Beck et al., 2007; Anjum et al., 2011). 

Abscisic acid (ABA) plays a vital role to cope with different stresses by promoting closure of stomata (Shinozaki 

and Yamaguchi-Shinozaki, 2007). In addition, water hydraulic conductivity and damages to chlorophyll pigment is 

enhanced that ultimately leads to leaf senescence (Lim et al., 2007). Photosynthetic pigments are crucial for plant 

and a substantial damage has been observed in numerous reports upon drought (Din et al., 2011). During water 

shortage, it has been observed that the reduction of Chl b is more than that of Chl a (Jaleel et al., 2009). 

 ROS are the chemical species that are formed upon partial reduction of oxygen and includes the superoxide 

anion (O2-), hydrogen peroxide (H2O2) and the hydroxyl radical (HO•). These free radicals have very short half-life, 

high reactivity and damaging activity towards macromolecules like proteins, DNA and lipids (Kokate et al., 2004). 
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ROS are expected to arbitrate the toxicity of oxygen because of their greater chemical reactivity with respect to 

oxygen (Nathan, 2003). 

 Plants possess very efficient antioxidant defense system including non-enzymatic and enzymatic components to 

detoxify or minimize the detrimental effect of ROS (Pang and Wang, 2008). These antioxidants protect the plant 

growth and development by reducing the toxic effect of free radicals (De Pinto and De Gara, 2004). They combine 

with different cellular components and in addition play an important role in ROS scavenging. 

 Enzymatic antioxidants include superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) and 

glutathione reductase (GR). SODs remove O2 by catalyzing its dismutation, one O2 being reduced to H2O2 and 

another oxidized to O2 (Mittler et al., 2004; Singh et al., 2008). CAT is important in the removal of H2O2 generated 

in peroxisomes by oxidases involved in b-oxidation of fatty acids, photorespiration and purine catabolism (Polidoros 

and Scandalios, 1999). GR catalyses the NADPH dependent reaction of disulphide bond of GSSG and is thus 

important for maintaining the glutathione (GSH) pool (Reddy and Raghavendra, 2006; Chalapathi and Rao, 

2008).These enzymes are present in different subcellular organelles of the cell and activates in response to oxidative 

stress (Noctor and Foyer, 1998). 

 In this study, we investigated the response of antioxidant system to prolonged drought stress in leaf of maize.  

 

MATERIAL AND METHODS 

 

Seeds Collection 
 Healthy seeds of two maize varieties i.e. Azam and Baber were obtained from Cereal Crop Research Institute 

(CCRI) Pirsabak, Nowshera Khyber Pakhtunkhwa, Pakistan for this study. 

 

Germination and growth conditions 
 The current study was conducted in the Green House of University of Science and Technology Bannu. The 

seeds of the maize cultivars were grown in pots containing clay and sand soil (1:1 ratio). Pots were watered 

uniformly from germination to the three-leaf stage to maintain near full soil water capacity. After two weeks of 

sowing, the maize seedlings were exposed to water stress conditions. Control plants were applied with water 

regularly whereas drought stressed plants were without water for 7 days.  

 

Determination of Relative water content (RWC) 
 RWC was determined by taking the fresh weight (FW) of leaves of control and drought-stressed plants of both 

varieties. Afterwards, the leaves were kept in water at 4
o
C for 4 hrs to record the turgid weight (TW). To further 

determine the dry weight (DW), the rehydrated leaves were kept in oven for 2 days at 80
o
C. Relative water content 

was determined by using formula; 

RWC (%)=  (FW-DW)/(TW –DW)*100 

 

Determination of Photosynthetic pigments 
 Approximately 25 mg of leaf material of control and drought-stressed plants was taken and then ground to a 

fine powder. Magnesium oxide (MgO) was added to the grinded material in order to prevent the formation of 

pheophytin and neutralize acid. After the addition of 5 ml of methanol to the tube containing sample and MgO, the 

sample was then homogenized on a shaker for 2 h followed by centrifugation at 4000 rpm for 5 min at room 

temperature. The supernatant was transferred to cuvette and absorbance readings at three different wavelengths 

(653 and 666 nm) were taken against a solvent blank using spectrophotometer. Chlorophyll a and b were calculated 

according to Lichtenthaler and Wellburn (1983) by a formula as stated below. 

Chlorophyll a= 15.65 A666– 7.340 A653 

Chlorophyll b= 27.05 A653– 11.21 A666 

Determination of Sodium (Na+), Potassium (K+) and Calcium (Ca+2)  

 Approximately, 25 mg powdered dry materials of leaf samples were digested continuously with a mixture of 

hydrogen peroxide (H2O2) and sulphuric acid (H2SO4) with a ratio of 2:1in a 50 mLbeaker. The mixture was then 

heated until the small oily drops were obtained. 20 mL of distilled water was then added to each sample along with 

shaking of beakers to digest completely. Samples were then filtered with Whatman filter paper. The prepared 

samples were subjected to flame photometer for determination of different ions according to Rudge et al. (2009). 
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Assays for determination of ROS scavenging enzymes  
 Various antioxidant activities were determined by taking 0.5g of grinded leaf material and homogenized in an 

ice cold 50mM phosphate buffer (pH7.8) with mortar and pestle. After vertexing, the crude enzyme extract was 

twicely centrifuged at 4
o
C at 12000 rpm for 15 minutes. Afterwards the supernatant was analyzed for various 

antioxidant enzymes.  

 

Determination of oxidative stress markers (MDA and H2O2) 

 H2O2 was quantified as described by Velikova et al. (2000). A mixture containing 1ml of enzyme extract, 1mL 

of 10mM potassium phosphate buffer (pH 7.0) and 2 mL of 1M KI. H2O2 contents were calculated based on the 

absorbance at 390nm. Amount of H2O2 produced was expressed as µmol/g FW. 

 Lipid peroxidation in terms of malondialdehyde (MDA) was determined by the method of Daud et al. (2013).  

Briefly, 1 mL enzyme extract was added to 2 mL reaction mixture containing 0.5 % (v/v) thiobarbituricand 10 % 

(v/v) trichloroacetic acid. The mixture was then placed at 95C in water bath for 30 minutes and then immediately 

kept on ice for 15 minutes. Afterwards, samples were centrifuged at 4000 rpm for 15 minutes followed by the 

measurement of absorbance at 532 and 600 nm.  

 

Determination of Ascorbate peroxidase (APX) activity 

 APX activity was determined according to Nakano and Asada 1981. First of all a reaction mixture of 3 mL 

was prepared containing 2.7 mL of 50 mM potassium phosphate (pH7.0), 0.1 mL of 0.5 mM ascorbic acid, 0.1 mL 

of 2 % H2O2, and 0.1 mL enzyme extract. Afterwards, absorbance was recorded at 290 nm for 1 minute.  

 

Determination of catalase (CAT)activity 

 Catalase activity was determined according to Daud et al. (2013). Briefly, the disappearance of H2O2 was 

monitored by measuring the absorbance at 240 nm (E=0.036 mM
−1

cm
−1

) of a reaction mixture consisting of 25 uL 

of 10 mM H2O2, 100 uL enzyme extract, and 2.7 mL of 25 mM potassium phosphate buffer. The final activity was 

expressed as mM/g FW. 

 

Determination of superoxide dismutase (SOD) activity 

 SOD activity was determined by spectrophotometer assay according to Zhou et al.(1997). First of all, a 

reaction mixture of 3 ml was prepared in beaker containing 2.725 mL reaction substrate (NBT 15.5 mg, Riboflavin 

0.02 mg, Na EDTA 10 mg and methionine 485 mg in 250 mL), 25 µL enzyme extract and 25 µL H202and then were 

placed under light condition at 4000 lux for 20 minutes, control sample was placed at both under dark and light 

condition. In control samples 25 µL distilled water was used instead of enzyme extract. Absorbance was measured 

at 560 nm. 

 

Determination of peroxidase (POD) activity 

 POD activity was measured by the method as described by Zhou et al. (1997). The reaction mixture contained 

100 µL enzyme extract, 2.7 mL of 50mM potassium phosphate buffer (pH 6.1), 100 µL of 1.5% guaiacol (used as a 

substrate), 100 µLof 0.4 % H2O2. Increase in the absorbance was measured at 470 nm. Enzyme activity was 

calculated at 470 nm absorbance. 
 

Determination of total soluble proteins 
 Proteins were determined according to Bradford (1976). Fresh leaves (100 mg) were homogenized in 1mL 

phosphate buffer (pH 7.0) by using mortar and pestle. The crude homogenate was centrifuged for 15 minutes at 

4000 rpm. In a reaction mixture, 2 mL distilled water, 20 µL enzyme extract and 0.5ml Bradford reagent was 

added. Absorbance was noted at 595 nm by spectrophotometer (UV-2600) using bovine serum albumin (BSA) as a 

standard. 

  

Statistical analyses 

 Statistical analysis was performed using unpaired t-test. Sigma Stat 12.0 was used for checking the constant 

variance and normal distribution of data. Moreover, the Mann-Whitney rank sum test was used to analyze samples 

that did not follow normal Gaussian distribution. Asterisks in all figures indicate the significance: *, 0.05 ≥ p > 0.01; 

**, 0.01 ≥ p > 0.001; ***, p ≤ 0.001. 

 

RESULTS AND DISCUSSION 
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 Due to sessile in nature, plants cope with different environmental conditions during their life. These conditions 

effect plant growth and development. Water shortage is the leading factor that reduces the plant productivity more 

than any other stress condition. Plant tolerates drought by responding at biochemical and molecular level to 

minimize the detrimental effect of stress by altering the metabolism. The present study was conducted to explore the 

antioxidant mechanism in drought stressed maize leaves.   

 Two maize varieties were obtained from Cereal Crop Research Institute Pirsabak, KPK for drought stress 

experiment. All plants were provided with the optimum growth conditions and grown for two weeks under well 

watered condition. After that, both the varieties were exposed to drought stress for 7 days whereas control plants 

were applied with water regularly (Fig. 1A). 

 

Effect of Drought on physiological parameters 
 Relative water content is the gross estimate of indirect changes in the water status in leaves (Canny and Huang 

2006). The exposure of plants to water stress drastically decreased relative water content in both varieties.  After 7 

days of drought stress, the RWC was reduced to 56 and 51% in leaves of Azam and Baber, respectively, whereas 

control plants remained at full water capacity (90 and 95%)(Fig. 1B).This decrease in RWC by almost 50% 

indicating the proper onset of drought. 

 This decrease in RWC also affected the fresh weight of the leaves. More than 50 % reduction was observed in 

the FW of both varieties under drought stress (Fig. 1C). Chlorophyll is the green photosynthetic pigment that helps 

the plants to get energy from light and its determination is important in order to know the effect of drought on the 

chlorophyll contents.  As expected, the total chlorophyll contents were decreased under drought stress condition. An 

average reduction of about 19% was observed in Azam variety whereas 23% decrease was recorded in Baber under 

water stress in comparison to well-watered plants (Fig. 1D). In addition, total soluble proteins were also quantified. 

A decrease was observed in the protein level in both varieties during drought (Fig. 1E). This decrease was 

significant and even more pronounced in Baber variety compared to Azam. 

 Relative water content (RWC) is an important indicator for determination of water status of plant, due to which 

the metabolic activity are greatly affected and ultimately leading to tissues death. As a loss of turgor that results in 

limited cell expansion and so reduced crop growth (Lu et al., 2010; Ashraf et al., 2010). In our results water contents 

were decreased upto 45% in drought stressed leaves while control leaves were showed normal growth. Our results 

are in agreement with Tiantian et al., 2011 who also observed more or less the same decrease in RWC upon 

exposure of maize under water stress condition. We found a decrease in chlorophyll contents in drought stressed 

leaves indicating that photosynthesis is greatly affected by water shortage reported in many studies (Chaves, 

1991; Flexas et al., 2004; Chaves et al., 2008). Drought has direct effect on the photosynthetic apparatus leading to a 

decrease in photosynthesis. Moreover Mohammad Khani (2007) also found same decrease in chlorophyll level in 

maize during water stressed study. Total soluble proteins were also found to be decreased under drought stressed. 

Jha and Dubey (2004) also reported a decrease in TSP level in rice seedling upon drought stress which is quite 

similar to our results. 

 

Impact of drought on ions concentration  

 In cytosol, intracellular osmotic homeostasis is attained by the accumulation of compatible osmolytes. Osmotic 

homeostasis and ion balance are crucial for plant growth and development (Zeng et al., 2003). Potassium and 

sodium are important minerals for plant growth that regulates leaf osmotic potential affecting the water use 

efficiency (Ashley et al., 2006). Calcium acts as a secondary messenger to ameliorate water stress (Nayyar and 

Kaushal, 2002). Calcium interacts strongly with ROS and important in most cellular signaling processes (Sanders et 

al. 2002). In our study, a decline in ions concentration was observed under drought although this decrease was not 

significant (Fig. 2A, B & C)  

 

Drought effect on oxidative stress markers (MDA and H2O2) 

 H2O2 level was determined in order to find out the extent of oxidative stress. In leaves of both varieties, the 

H2O2 level was increased relative to control. Almost 2-fold increase in H2O2 content was observed in Azam variety 

under drought stress whereas Baber showed 1.3-fold accumulation compared to unstressed plants (Fig. 3A). This 

high accumulation in H2O2 level points towards the formation of ROS under drought stress condition. 

Malondialdehydeis the lipid peroxidation product and an important indicator of drought based oxidative stress. 

Elevated level of MDA contents determines the severity of oxidative stress and cell wall damage (Reddy et al., 

2004).  The high accumulation of H2O2 further leads us to determine the oxidative stress based damages under 

drought stress.Both the varieties showed an elevated level of MDA contents in drought stressed leaves compared to 

control. Taking together, an average increase of 1.5-fold was observed in the level of MDA upon the onset of 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4246180/#CIT0019
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drought although this increase was not significant. This trend of increase in MDA level indicates to the oxidative 

based lipid peroxidation (Fig. 3B). 

 
 

 
Fig. 1. Impact of drought on growth of maize plants: Maize plants grown on soil for 2 weeks and then subjected to drought stress 

for 7 days, (A) Phenotype of control and drought stressed plants, (B) Relative water content, (C) Leaf fresh weight (D) Total 

chlorophyll contents and (E) Total soluble proteins. Asterisks in all figures indicate the significance using the unpaired t-test: *, 

0.05 ≥ p > 0.01; **, 0.01 ≥ p > 0.001; ***, p ≤ 0.001. Mean ± standard deviations are shown. 
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Fig. 2. Impact of drought on the ions concentration: Maize plants grown on soil for 2 weeks and then subjected to drought stress 

for 7 days, (A) Na level (B) K level (C) Ca level. Asterisks in all figures indicate the significance using the unpaired t-test: *, 

0.05 ≥ p > 0.01; **, 0.01 ≥ p > 0.001; ***, p ≤ 0.001. Mean ± standard deviations are shown. 
 

 H2O2 is the most stable ROS that is produced in plants under various stress conditions. Our data showed a 

significant increase in the level of H2O2. This high accumulation reflects that drought leads to formation of ROS due 

to metabolic imbalance leading to lipid peroxidation. In agreement with our results, most of the reports showed the 

accumulation of ROS (Jiang and Zhang, 2002) in maize and other species (Cruz-De-Carvalho, 2008). As the ROS in 

excessive amount can have a harmful effect and cause oxidative damage to plants. Malondialdehyde is an important 

indicator of lipids degradation due to which oxidative stress and membrane disruptions have been reported under 

drought condition (Sairam et al., 2000; Wang et al., 2014). Our data showed that MDA level was higher in drought 

stressed leaves as compared to control indicating ROS based lipid peroxidation which is in agreement with  Wang et 

al., 2014 who also reported an increase in the MDA level upon the onset of drought in wheat.  

 

Impact of drought on the enzymes of the antioxidant system 

 The increase level of both H2O2 and MDA under drought stress in both varieties prompted us to determine the 

enzymatic activities of the antioxidant system. APX are ROS scavenging enzyme located at different sites of plant 

cells that reduce H2O2 to water at the expanse of AsA and/or GSH (Dietz et al., 2006; Meyer et al., 2012; Noctor et 

al., 2014). Both the varieties (Azam and Baber) showed elevated level of the APX activity under drought relative to 

control. An average increase of about 1.2-fold was observed after 7 days of drought stress in comparison to 

unstressed plants (Fig. 4A). Taking together, this hints towards the accumulation of H2O2 caused an increase in the 

APX activity to keep the ROS level at minimum. CAT directly converts H2O2 into H2O and 1/2 O2. Several H2O2-

degrading enzymes are present in plants. However, CATs are unique that works in the absence of any cellular 

reducing agent (Del Rio et al., 2006). As expected, Azam showed almost 2-fold increase in CAT level under 

drought whereas 1.3-fold was observed for Baber variety (Fig. 4B). This huge increase in the CAT activity 

indicating that both the varieties have a strong antioxidant system to counteract with the ROS. In addition, SOD 

activity was also determined that converts O2
•-
 into H2O2 and is important that acts as first line of defense. SOD has a 

protective effect against oxygen toxicity by regulating concentration of superoxide anionic radical (Noctor et al., 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4246180/#CIT0079
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2014). Like other enzymes of the defense mechanism, SOD also showed an increase under drought stress. Both the 

varieties showed more than 1.5-fold accumulation in the activity of SOD when exposed to stress for 7 days as 

compared to control (Fig. 4C). Peroxidase are also key enzymes in ROS detoxification and appear to be more active 

when coordinated with SOD in coping with the elevated level of ROS (Sobrino-Plata et al., 2009). An 

approximately 2-fold increase was showed by both varieties in the activity of POD under water stress in comparison 

to control (Fig. 4D). 

 
Fig. 3. Impact of drought on the oxidative stress markers: Maize plants grown on soil for 2 weeks and then subjected to drought 

stress for 7 days, (A) Hydrogen peroxide level (B) MDA level. Asterisks in all figures indicate the significance using the 

unpaired t-test: *, 0.05 ≥ p > 0.01; **, 0.01 ≥ p > 0.001; ***, p ≤ 0.001. Mean ± standard deviations are shown. 

 
Fig. 4. Impact of drought on the enzymes of the defense mechanism: Maize plants grown on soil for 2 weeks and then subjected 

to drought stress for 7 days, (A) APX (B) Catalase (C) SOD and (D) POD activities. Asterisks in all figures indicate the 

significance using the unpaired t-test: *, 0.05 ≥ p > 0.01; **, 0.01 ≥ p > 0.001; ***, p ≤ 0.001. Mean ± standard deviations are 

shown. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4672674/#B84
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 This ROS can be detoxified by a well-established antioxidant mechanism present in different cellular 

compartments. SOD, POD, APX and CAT plays important role scavenging the toxic effect of ROS. SOD,s are the 

mainstream enzyme and acts as first action by catalyzing the dismutation of superoxide radicals to H2O2 and O2. We 

found an increase in the activities of all these enzymes indicating that both the varieties have the ability to keep the 

level of ROS at minimum level due to strong scavenging capability to cope with oxidative stress in leaves. As these 

enzymes have greater potential in removing ROS so can play critical role in drought tolerance. The activity of SOD 

has been reported to increase under drought stress in maize (Pastori et al., 2000). Same increase of antioxidant 

enzymes were also found by Avramova et al. (2015) in maize because these enzymes help the plants to detoxify 

against ROS and minimize the toxic effect of stress. 

 It is concluded from the study that the tested maize varieties (Azam and Baber) have the capability to cope with 

ROS and thus can be considered as drought tolerance based on the well established antioxidant system. 
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