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ABSTRACT 
 

Cadmium (Cd) toxicity is one of the serious threats to plant growth and development. In this study, the responses of two maize 

cultivars (Agatti-2002 & EV-1098) to CdCl2 stress were compared. The plants were grown in sand-filled pots placed in a 

growth chamber set at 28°C/22°C (day/night temperature, respectively). After 15 days of germination, seedlings were exposed 

to 0, 25, 50 and 75 µM Cd kg
-1

 sand in half strength Hoagland’s nutrient solution. Higher concentration of Cd (75 µM) 

severely reduced different growth attributes in cultivar Agatti-2002. However, in cultivar EV-1098, growth attributes were 

either increased or not affected up to 50 µM Cd. Increasing Cd concentration reduced leaf relative water contents (RWC) and 

chlorophyll contents. The increased relative membrane permeability (RMP), hydrogen peroxide (H2O2) and malondialdehyde 

(MDA) contents at all the levels of Cd in both cultivars at later harvest suggested that Cd-induced oxidative stress was the 

main cause of altered plant growth in both cultivars. Based on relatively low leaf RWC, pigments (chlorophyll a, b & 

carotenoids contents), total soluble proteins and proline contents and high H2O2 and MDA contents, cultivar Agatti-2002 was 

found to be more susceptible to Cd-stress. In conclusion, reducing the substrate Cd contents twined with cultivation of tolerant 

varieties may be important management strategy in coping with the Cd-toxicity on maize. © 2013 Friends Science Publishers 
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INTRODUCTION 
 

Heavy metals are the major pollutants of the 

environment affecting plants, humans and animals health 

even at low concentrations. Cadmium (Cd) is a non-essential 

and toxic metal, which reduces the plant growth. The Cd is 

added to the environment by different sources like power 

station, metal working, urban runoff, agricultural runoff and 

mining operation (MacFarlane & Burchett, 2001). When 

added to the environment, it poses a great threat to the 

ecosystems and environment. In addition to reducing crop 

productivity and its quality, Cd is also a great health- risk to 

the consumers (Stohs et al., 2000; Hossain et al., 2012). 

The effects of Cd-toxicity are reported at all levels. It 

inhibits seed germination (Larbi et al., 2002), affects 

photosynthesis, respiration, transpiration rate and alters 

enzymatic activities (Chen et al., 2003), disturbs plant 

water-relationships and ionic relations, induces free radicals 

formation and affects the uptake and distribution of micro- 

and macronutrients concentrations in the tissues (di Toppi & 

Gabbrielli, 1999; Wahid et al., 2007), and alters the pattern 

of gene expression (Liu et al., 2008). The Cd stress causes 

chlorosis and leaf epinasity resulting in stunted growth in 

majority of the plants (Gill & Tuteja, 2011; Perveen et al., 

2011). However, the amount of Cd deposited into the root, 

shoot and inter-veins of leaves considerably differed among 

different species (Chen et al., 2003; Abu-Muriefah, 2008; 

Wahid et al., 2008). 

Being non-redox active metal, Cd induced oxidative 

stress at cellular level in different plants. Moreover, Cd 

triggers the accumulation and/or synthesis of reactive 

oxygen species (ROS) such as superoxide radical, singlet 

oxygen, hydrogen peroxides and hydroxyl radicals (Gill & 

Tuteja, 2010), that may cause cell death by lipid 

peroxidation, oxidation of proteins and damaging DNA 

(Gill et al., 2011). However, ROS have also been shown to 

affect the expression of many genes (Bhattacharjee, 2012). 

To repair the inhibitory effects of ROS, plants make use of 

antioxidant defense machinery including enzymatic 

(catalase, glutathione reductase, speroxide dismutase, 

peroxidase & ascorbate peroxidase) and non-enzymatic (α-

tocopherol, β-carotene, ascorbic acid and glutathione) 

defense system (Gill & Tuteja, 2010). 

Maize (Zea mays L.) is one of the most important 

agricultural crops. Being rich source of nutrition (72% 

starch, 10% protein, 8.5% fiber & 4.8% edible oil), maize is 

one of the major sources of food, sugar, cooking oil and 

animal feed all over the world (Dowswell et al., 1996). 
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Keeping in view the sensitivity and increased threat of Cd-

toxicity on the maize crop, this study was conducted on two 

differentially Cd-tolerant cultivars of maize for their 

comparative physiological responses to increased Cd levels 

at early growth stages. 

 

MATERIALS AND METHODS 
 

Plant materials, treatments and plant growth 

conditions: Seeds of two maize cultivars (Agatti-2002 & 

EV-1098) were obtained from Maize and Millets Research 

Institute (MMRI), Yousafwala, Sahiwal, Pakistan. The 

varieties were selected after performing a pilot experiment 

based on growth and morphological attributes (length, fresh 

& dry weight of shoot & root & leaf area), which led to the 

selection of EV-1098 to be highly tolerant and Agatti-2002 

as highly sensitive (data not shown). This experiment was 

conducted using both these varieties in the Department of 

Botany, GC University, Faisalabad, Pakistan. Before 

sowing, the seeds were disinfected with 0.1% HgCl2 

solution for 15 min and washed with distilled water before 

sowing in the plastic pots containing 10 kg sand and placed 

in a growth chamber (Model Grow 600-HR, Ingclimas, 

Spain) set at 28/22°C (day/night temperature, respectively). 

Four day old seedlings were given half strength Hoagland’s 

nutrient solution on weekly basis in sufficient amount to 

drain the previous one. After germination, five out of eight 

healthy-looking seedlings of equal size were retained. 

Fifteen days old seedlings were exposed to 0, 25, 50, 75 µM 

levels of Cd prepared using cadmium chloride 

(CdCl2.2.5H2O) in half strength Hoagland’s nutrient 

solution. The experiment was laid out in a completely 

randomized design with four replications per treatment. The 

sampling was done on 10
th
 and 20

th
 day after Cd treatment. 

Growth determinations: Leaf area was measured of intact 

plants as leaf length × leaf width × 0.68 (correction factor). 

For dry weight determination, the uprooted plants were 

separated into shoot and root, dried in an oven at 70
o
C for 

72 h and dry weights measured.  

Relative water contents (RWC): Leaf RWC was 

determined according to the method of Silveira et al. (2003). 

Third leaf was used and ten leaf discs (1.0 cm diameter) 

were sampled and determined for fresh weight (FW). These 

leaf discs were immersed in distilled water in Petri dishes 

for 8 h at 4°C in darkness and turgid weight (TW) 

measured. These discs were placed for drying in an oven at 

70°C for 24 h and the dry weight (DW) was measured. The 

leaf RWC was calculated by using the following equation: 
 

RWC (%) = (FW – DW / TW – DW) × 100 
 

Relative membrane permeability (RMP): Leaf tissues 

were collected in the test tubes containing distilled water (10 

mL), vortexed for 5 s and measured the value of EC0. Then 

EC1 of the filtrate was measured after 24 h by keeping them 

at 4°C. The filtrate was autoclaved for 15 min for measuring 

of EC2. The RMP was calculated from the equation of Yang 

et al. (1996) as: 
 

RMP (%) = (EC1-EC0) / (EC2-EC0) × 100 
 

Photosynthetic pigment contents: Chlorophyll (Chl) a and 

b and total carotenoids contents were determined after 

homogenizing fresh leaves (0.1 g) in 80% acetone (10 mL) 

and centrifuging at 3000 rpm for 15 min. The absorbance of 

the supernatant was determined at 480 nm, 645 nm and 663 

nm using a spectrophotometer (Hitachi-U-2001, Japan). 

Amount of chlorophylls and total carotenoids were 

calculated as described by Yoshida et al. (1976) and Davies 

(1976), respectively. 

Hydrogen peroxide (H2O2) contents: The method of 

Velikova et al. (2000) was used for this purpose. Leaf 

tissues (0.1 g) were homogenized with 1 mL of 0.1% (w/v) 

trichloroacetic acid (TCA) on an ice bath. Then homogenate 

was centrifuged at 12,000×g for 15 min. The reaction 

mixture consisted of 0.5 mL of supernatant, 0.5 mL 

potassium phosphate buffer (10 mM; pH 7.0) and 1 mL KI 

(1 M), then vortexed and the absorbance was measured at 

390 nm, whilst 0.1% TCA used as blank. The H2O2 content 

was determined from a standard curve and the values are 

expressed as µmol g
-1

 fresh weight. 

Malondialdehyde (MDA) contents: The MDA was 

assayed as described by Heath and Packer (1968). Fresh leaf 

tissues (0.1 g) were homogenized in 5% (w/v) TCA (1 mL). 

The homogenate was centrifuged at 12,000×g for 15 min. 

After centrifugation, the supernatant was mixed with 20% 

TCA (1 mL) containing 0.5% (w/v) thiobarbituric acid. The 

mixture was warmed at 95°C for 30 min, cooled on ice for a 

while and then centrifuged at 7500 × g for 5 min. The 

absorbance was recorded at 532 nm and 600 nm, whilst 5% 

TCA used as blank. MDA contents were calculated using an 

extinction coefficient of 155,000 nmol mol
-1

. 

Free proline contents: Leaf tissue (0.1 g) was 

homogenized in 3% of aqueous sulphosalicylic acid (5 mL). 

Filtrate (1 mL) was mixed with acid ninhydrin (1 mL) and 

glacial acetic acid (1 mL) in a test tube. The mixture was 

cooled after heating for 10 min at 100°C in an ice bath. 

Mixture was extracted with toluene (4 mL), vortexed for 20 

s and warmed to room temperature. The absorbance was 

measured at 520 nm. The amount of free proline was 

calculated from standard curve at 520 nm. Free proline was 

determined using the formula given by Bates et al. (1973). 

Total proteins contents: Fresh leaf and root tissue was 

used for the extraction of proteins using phosphate buffer 

saline (PBS, pH 7.2). Quantity of total protein was 

measured as described by Bradford (1976). The absorbance 

of reaction mixture was measured at 595 nm. Bovine serum 

albumin (BSA) was used as standard. The total proteins 

were expressed as mg mL
-1

. 

Statistical analysis: The data were subjected to analysis of 

variance technique by using a computer software COSTAT 

(CoHort software, 2003, Monterey, California). The 

Duncan’s New Multiple Range test was used to determine 

the differences among treatment means (P ≤ 0.05). 
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RESULTS 
 

There was significant (P≤0.01) difference in the 

cultivars, Cd treatments and harvest times for length and dry 

weight of shoot and root, leaf area and leaf RWC. At both 

time periods, the shoot and root length increased up to 50 

μM Cd but declined at 75 μM Cd in EV-1098, whilst in 

Agatti-2002, both these attributes steeply decreased at all Cd 

levels and at both time periods (Fig. 1). Increasing the Cd 

levels up to 50 µM increased leaf area in cv. EV-1098, 

while a decrease was noted afterwards on both 10
th
 and 20

th
 

day after treatment. In contrast in Agatti-2002, leaf area 

decreased as the Cd level increased in cv. Agatti-2002, 

particularly on 20
th
 day after treatment (Fig. 1). A more 

gradual decrease in leaf RWC was observed in both maize 

cultivars on 10 day than on 20 day after treatment under 

increasing Cd stress. However, a lower RWC was recorded 

in both cultivars at the highest (75 µM) level of Cd on both 

time periods. Of the two cultivars, Agatti-2002 was more 

affected (Fig. 1). 

 A significant (P≤0.01) variation in leaf chlorophyll a 

and b and total contents was recorded in both cultivars 

under cadmium stress both on 10
th
 and 20

th
 day after 

treatment. However, a maximal reduction in chlorophyll a 

and b was observed at 75 µM Cd in both cultivars, 

particularly on 20
th
 day after treatment (Fig. 2). Cd 

treatment significantly (P≤0.01) changed the leaf 

carotenoids content in both the cultivars. At 10 day after 

treatment, total carotenoids content was higher at 25 µM Cd, 

which decreased at 50 and 75 µM Cd levels in both the 

cultivars as compared to their respective controls, while it 

increased as the level of Cd increased in EV-1098 on 20
th
 

day after treatment. Applied Cd significantly (P≤0.01) 

reduced the chlorophyll-to-carotenoids ratio over respective 

controls in both the cultivars and at both time periods, while 

EV-1098 was affected less than Agatti-2002 (Fig. 2). 

Overall, EV-1098 had significantly greater photosynthetic 

pigments than Agatti-2002 on 20
th
 day after Cd treatment. 

Cadmium stress significantly altered leaf H2O2 and 

MDA contents in both cultivars on 10
th
 and 20

th
 day after 

Cd treatment. Although leaf H2O2 and MDA contents 

increased significantly (P≤0.001) in both cultivars at all 

levels of Cd stress, Agatti-2002 had substantially higher leaf 

H2O2 and MDA contents on both 10
th
 and 20

th
 day after 

treatment, particularly at 75 µM Cd stress (Fig. 3). Likewise, 

RMP increased as the Cd levels increased in both cultivars 

on both 10
th
 and 20

th
 day after treatment, but the extent of 

this attribute was higher in Agatti-2002 (Fig. 3).  

Both the cultivars indicated significant (P≤0.01) 

differences in the free proline and total protein contents at 

10 and 20 day after treatment across all Cd levels. Cultivar 

EV-1098 accumulated greater free proline and total soluble 

protein contents under Cd stress on both 10
th
 and 20

th
 day 

after treatment. However, in cultivar Agatti-2002 at 10 and 

20 days after treatment, free proline and total soluble 

proteins reduced at all level of applied Cd (Fig. 4). 

DISCUSSION 
 

In the present study, the results indicated the 

differential growth responses of maize cultivars to Cd stress 

at 10
th
 and 20

th
 day of the Cd treatment (Fig. 1). Earlier 

studies have shown that higher level of Cd inhibited the 

plant growth significantly in cucumber at seedling stage 

(Abu-Muriefah, 2008). Even at low level, Cd is reported to 

modify the plant metabolism (Kevresan et al., 2003). The 

changes in plant metabolism could affect the growth 

patterns as have been reported in some other crops like 

mungbean (Ghani, 2010). Uptake of Cd by living cells 

causes many drastic changes, leading to cell death 

depending on the Cd quantity applied and time of exposure 

(Vitória et al., 2001). 

Leaf RWC indicated that higher level of Cd produced 

more conspicuous changes than lower levels at both 

intervals of time (Fig. 2). Reduction in RWC in the present 

study showed that Cd stress might have induced the 

physiological drought in plants by disrupting the plant water 

relationships (Farouk et al., 2011). It is reported that Cd 

exposure reduced the relative water contents in lettuce and 

radish seedlings (Costa & Morel, 1994; Farouk et al., 2011). 

Free proline accumulated in Cd-treated plants of cultivar 

EV-1098 when the leaf RWC reduced under increasing Cd 

levels. Thus, the accumulation of free proline in response to 

Cd stress was due to water deficit. Previous studies have 

shown that plants producing more free proline and free 

amino acids showed lower leaf RWC (Kastori et al., 1992; 

Shah & Dubey, 1998). 

 The Cd stress has been shown to enhance the stomatal 

closure and inhibit the photosynthesis via chlorophyll 

degradation in plants (Wahid et al., 2008). The Cd damages 

the photosynthetic apparatus in plants, particularly light 

harvesting complex-II and photosystem-I (PS-I) and PS-II 

(Mobin & Khan, 2007). Similarly, higher level of Cd has 

been shown to reduce the total chlorophyll contents in gram 

and sorghum (Tantrey & Agnihotri, 2010; Da-lin et al., 

2011). The current data indicated a greater reduction in 

chlorophyll a, b contents at higher Cd level (75 µM) in both 

cultivars, particularly on 20
th
 day of the treatment. This 

implied that light harvesting system was damaged based on 

Cd exposure time in maize. 

 Cadmium has been shown to damage cell membrane, 

induce oxidative stress, and enhance the ionic-leakage in 

plants (Sharma et al., 2012). Cell membrane injury is 

associated with the production of ROS, which also leads to 

the production of MDA (Hossain et al., 2012). However, 

plants have both enzymatic and non-enzymatic antioxidant 

systems to hinder the production of ROS. Plants having the 

ability to synthesize these compounds are considered as 

tolerant under different abiotic stresses. Irrespective of 

exposure time, in the present study, Cd enhanced RMP, 

H2O2 and MDA contents in both cultivars. This indicated 

that the production of ROS is the major factor related to Cd 

injury in maize plants. Cadmium-induced oxidative stress-
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mediated enhanced production of MDA contents has been 

reported in maize and solanum (Cui & Wang, 2006; 

Nasraoui-Hajaji et al., 2012). 

Variable effects of Cd on total soluble protein contents 

have been reported in different plants (Leita et al., 1993; 

Vassilev & Lidon, 2011; Uraguchi & Fujiwara, 2012). The 

free proline accumulation has multifarious roles in plants; 

one of those is membrane repair and maintenance of its 

integrity (Szabados & Savoure, 2009). In the present study, 

protein contents reduced in the sensitive maize cultivar on 

Fig. 1: Changes in some growth attributes and leaf relative water contents of maize seedlings exposed to Cd 

stress. Fifteen days old seedlings of both the cultivars were subjected to increased Cd levels and harvested at 10 

and 20 days after treatment. The data presented are means of four replicates. Means sharing same letter differ 

non-significantly 
 

 
 

Fig. 2: Time course changes in photosynthetic pigment contents of maize seedlings exposed to Cd stress. Fifteen 

days old seedlings of both the cultivars were subjected to increased Cd levels and harvested at 10 and 20 days 

after treatment. The data presented are means of four replicates. Means sharing same letter differ non-

significantly 
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both 10
th
 and 20

th
 day after treatment. However, in the 

maize cultivar EV-1098, Cd stress significantly increased 

total soluble protein contents. Changes in the protein content 

under Cd stress may partly reflect the changes in different 

levels of enzymes involved in antioxidative defense to cope 

with Cd-mediated production of ROS (Sharma et al., 2012) 

as well as synthesis of phytochelatins for intracellular 

sequestration of Cd (Hossain et al., 2012). A better Cd 

tolerance of EV-1098 could be due to both or either of the 

two mechanisms adopted by this cultivar. 

In conclusion, exposure time is crucial in changing 

growth and physiology of maize. Cd-induced oxidative 

stress was the main cause of reduced growth in both the 

maize cultivars. However, biochemical adjustments 

including free proline and soluble proteins accumulation are 

the main reasons for the enhanced Cd tolerance of maize. 

The maize germplasm capable of dousing the ROS 

efficiently and showing low damage to the cellular 

membranes can prove worthwhile for growing in low to 

moderately Cd-affected fields. 
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