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Abstract 
 

To assess the effect of medium supplementation of thiourea (TU) on maize in cadmium (Cd) contaminated soil, a pot 

experiment was performed in spring (February) and autumn (July) during 2009. Seeds of two maize cultivars, Pak-Afgoi (Cd 

tolerant) and EV-20 (Cd sensitive) were sown in pots containing sand. After 10 days of growth, plants were stressed with two 

Cd treatments (0 and 1000 μM) and grown for 20 days until the appearance of Cd toxicity symptoms. TU levels (0 and 0.25 

mM) were applied to 30 day old plants in nutrient solution and grown further for 20 days. After TU application, changes in 

malondialdehyde (MDA), hydrogen peroxide (H2O2) relative membrane permeability (RMP), total free amino acids, 

anthocyanins (ANT), soluble phenolics (SP), soluble sugars (SS), glycinebetaine (GB),free proline (FP) contents, levels of 

ascorbic acid (AsA), niacin (NIA) riboflavin (RIB) and reducing power assay (RPA) were measured. Cd stress significantly 

decreased the levels of AsA, NIA, RIB and RPA whilst enhanced the levels of MDA, H2O2 and RMP, SP, ANT,SS, total free 

amino acid, GB and FP contents in both cultivars under Cd stress conditions in both seasons. TU enhanced the synthesis of 

osmoprotectants, SP and ANT,AsA, NIA and RIB, which seemed to act as antioxidants to scavenge the H2O2 and reduce 

oxidative damage. The difference in cultivars for different parameters was significant in both the seasons; Pak-Afgoi showed 

the lower and EV-20 the higher damage due to Cd stress. The autumn season was more adverse than spring. In crux, medium 

supplementation of TU exhibited a great potential to mitigate the adverse effects of Cd stress on maize. The applied TU level 

is suggested for field use in the areas where marginally Cd contaminated soils limit the agriculture production. © 2018 Friends 

Science Publishers 
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Introduction 

 

Cadmium (Cd) is responsible for causing multifarious 

damages in crop plants (Ahmadee et al., 2016). A number 

of studies report the oxidative stress, lipid peroxidation and 

variation in antioxidative enzymatic activities in plants 

caused by Cd. The activity of membrane enzyme like H+-

ATPase is adversely affected by Cd (Fodor et al., 1995; Naz 

et al., 2016). Among the many disruptions caused by Cd, a 

more elaborative one is oxidative damage, leading to 

enhanced membrane lipids peroxidation and RNA 

modifications (Chmielowska-Bąk et al., 2018). It is reported 

that extent of oxidative damage is concomitant with tissue 

Cd concentration (Gill et al., 2011; Leng et al., 2018). 

Sandalio et al. (2001) reported that direct exposure of pea 

plants to Cd stress caused substantial changes in the 

activities of antioxidants and other metabolites. Cd is also 

responsible for increasing the permeability of membrane by 

damaging the proteins making them inactive. Several other 

enzymes like CO2 fixation, mitochondrial oxidative 

phosphorylation etc. are also inactivated by Cd stress (De 

Filippis and Zeigler, 1993; Wahid et al., 2009). 

Increased Cd contents seriously affect activity of 

enzymes, where it reacts with ‒SH group in the peptides and 

change it structures (Gouia et al., 2000; Hall, 2002). It is 

also responsible for changes in the enzymatic antioxidant 

activities and concentration of non-enzymatic antioxidants 

(Adhikari et al., 2006; Hussain et al., 2019). Further harmful 

effects are lipid peroxidation and membrane damage, 

disturbed functions of ATPase, blockage of channels and 

transporters, production of reactive oxygen species 

(ROS) etc. (Wahid et al., 2009; Andresen and Küpper, 

2013). In addition to the already discussed Cd damages, 

it also reduces the mitochondrial and chloroplastic electron 

transport (Shah et al., 2001; Zhang et al., 2005). An 

increased in the amount of MDA, H2O2 contents is reported 

in Egyptian grass and clover (Aly, 2012). 

Thiourea (TU), a biochemical compound, contains 
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sulfur and nitrogen, and has two functional groups, ‒imino 

and ‒thiol. These groups are involved in plant growth 

especially under normal and stress conditions (Wahid et al., 

2017). Thiol is involved in the formation of proteins, 

chlorophyll, glutathione and vitamins, while imino provides 

as a nitrogen source (Noctor et al., 2011; Iqbal et al., 2013; 

Perveen et al., 2015). TU has capacity to improve the plant 

growth under favorable and non-favorable conditions, and 

induced the regulation of multiple metabolic processes in 

plants. Being water soluble, the TU can be absorbed easily 

in the living tissues. Furthermore, it can enhance seed 

germination, seedling growth and grain yield in economic 

crops (Sivritepes et al., 2005; Anjum et al., 2008; Seleiman 

and Kheir, 2018).Other prominent roles of TU include 

relieving the salinity induced seed dormancy in 

Allenrolfea occidentalis seeds under salt stress (Gul and 

Weber, 1998); improved net photosynthesis and 

chlorophyll contents in cluster bean (Cyamposis 

tetragonoloba) under drought stress (Garget al., 2006), 

and improved photosynthesis in bread wheat under salt 

and heat stresses (Anjum et al., 2011). 

Maize (Zea mays L.) is an important commercial crop. 

It has short life cycle and is suited to cultivate in those areas 

of the world where climatic conditions are conducive. 

Normally, it is grown in both spring and autumn seasons in 

Pakistan. However, environmental stresses limit the maize 

production to a great extent. It is reported that maize shows 

high sensitivity to Cd intoxication, which is among the 

major reasons for reduced grain yield in maize (Anjum et 

al., 2015; Retamal-Salgado et al., 2017). Nonetheless, 

maize productivity can be increased if it is improved for 

tolerance to abiotic stresses. Different approaches are used 

to increase crop productivity under Cd stress. Of these, plant 

selection, production of transgens, exogenous use of 

hormones and nitrogen containing compounds, and stress 

signaling molecules are of great significance (Ahmad et al., 

2015; Farooq et al., 2016; Wahid et al., 2017).  

Studies are meager that show the role of medium 

supplementation of TU in improving metabolites 

(osmoprotectants, phenolics and vitamins) biosynthesis 

under Cd stress in maize. We predict that medium 

supply of TU may profoundly modify the metabolites 

synthesis and improve Cd tolerance in maize over 

different seasons. The objectives of this study was to 

assess the ameliorative action of medium supplemented 

TU on membrane lipid peroxidation, hydrogen peroxide, 

osmoprotectants, phenolics and vitamins in maize plants 

grown under Cd stress. 

 

Materials and Methods 
 

Experimental Details 

 

The study was conducted in spring (Feb‒Apr) and autumn 

(Aug‒Oct) seasons with similar setup. Seeds of Pak-

Afgoi and EV-20 (Cd-tolerant and sensitive varieties, 

respectively) were sown in plastic pots containing washed 

sand. After 6 days of germination, four seedlings with 

similar size were kept in each replicate. Thirty days old 

plants were supplemented with 1000 μM Cd level in the 

medium and grown for 10 days and let the signs of Cd 

toxicity on leaves appear. After that 0.25 mM aqueous TU 

solution was supplemented in the medium. The plants were 

grown for another 15 days after the TU supplementation. 

 

Membrane Characteristics and Oxidative Stress 

 

Relative membrane permeability (RMP): For the 

estimation of RMP, the method of Yang et al. (1996) was 

used. Leaf material (0.5 g) was transferred to test tubes 

containing 10 mL of distill water, and test tubes shaken 

vigorously for 5 sec, and initial electrical conductivity 

(EC0) was measured. The test tubes were wrapped with 

aluminum foil and kept overnight at 4ºC. Next morning 

EC of the solution was taken to represent EC1. The test 

tubes were autoclaved for 15 min at 121ºC, the leachate 

filtered and measured for EC2. RMP (%) was estimated 

with the equation = (EC1 –EC0 / (EC2 - EC0) × 100. 

Hydrogen peroxide (H2O2): The method of Velikova et al. 

(2000) was used for estimation of H2O2. A 0.5 g of fresh 

leaf tissue was grinded in an ice bath using 1 mL of 0.1% 

(w/v) trichloroacetic acid (TCA). The slurry was centrifuged 

at 12000 × g for 15 min. A 0.5 mL of supernatant was added 

to 10 mL of phosphate buffer (pH 7.0) and 1 mL of 1M 

potassium iodide; vortexed and absorbance taken at 390 nm. 

The unknown sample values were derived from standard 

curve prepared using 35% H2O2 stock solution. 

Malondialdehyde (MDA):To measure MDA with the 

method of Heath and Packer (1968), 0.1 g of fresh leaf was 

extracted in 1 mL of 0.5% TCA and centrifuged at 12000 × 

g for 15 min. Supernatant (1 mL) was mixed with 1 mL of 

TBA (prepared by dissolving thiobarbaturic acid to 0.5% in 

20% (w/v) TCA]. The mixture was heated in a water bath at 

95oC, cooled and centrifuged at 7500 × g for 15 min and a 

clear solution was obtained. The absorbance of mixture was 

read at 532 and 600 nm, using 5% TCA as blank. For 

correction of non-specific turbidity was subtracted from the 

values at 600 nm from 532 nm. The MDA amount was 

computed as: (nmol/mL) = (A532-A600) /155000)×106 

 

Osmoprotectants 

 

Free proline (FP): The FP was analyzed by using method 

of Bates et al. (1973) after grinding fresh leaf material in 

aqueous sulphosalicylic acid. Acid ninhydrin and glacial 

acetic acid were used for the reaction of the extract at 100ºC 

in water bath for 1h. The reaction was terminated in an ice 

bath and then 4 mL of toluene was added; vortexed for 

15‒20 sec. The chromophore containing proline was 

aspirated warmed to room temperature and measured for the 

amount of proline at 520 nm by using spectrophotometer 

(Hitachi U-2001, Japan). 
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Glycinebetaine (GB): Grieve and Grattan (1983) method 

was used to measure GB in fresh material. Fresh leaf 

samples were extracted in test tube containing 2N H2SO4; 

vigorously shaken. Mixed 2 mL of the extract with an equal 

volume of periodide (prepare by dissolving excess of iodine 

in potassium iodide solution) and shifted in a refrigerator at 

4ºC for 16 h. Centrifuged the mixture at 10,000×g, kept at 

4ºC for 15 min and supernatant discarded. Periodide crystals 

in the bottom of the tube were dissolved in 10 mL of 1, 2-

dichloroethane, vortexed and left at room temperature. After 

15 min, absorbance of the colored solution was taken at 365 

nm. Standard curve was constructed using pure GB in the 

range 10‒50 µmol/L and actual amount determined in the 

unknown samples. 

Soluble sugars (SS): The SS were quantified in the fresh 

sample by extracting 0.1 g of tissue in 5 mL of 0.2 M 

phosphate buffer (pH 7.0). An aliquot (0.1 mL) was taken in 

the test tube and added 3 mL anthrone reagent, briefly 

vortexed and heated the mixture in boiling water for 15 min 

at 95ºC. The test tubes were cooled in running tap water, 

briefly vortexed and the absorbance of colored complex was 

read at 625 nm (Yoshida et al., 1976). 

Total free amino acids (TFAs): The TFAs were measured 

by Hamilton and van Slyke (1943) method after 

homogenize in leaf material (0.5 g) with 1 mL phosphate 

buffer (pH 7.0). To the homogenate, added 1 mL of 10% 

pyridine + 1 mL of 2% ninhydrin solution. Heated the 

mixture for 30 min in boiling water and made up to 50 mL. 

The absorbance was read at 570 nm. 

 

Vitamins 

 

Ascorbic acid (AsA): The AsA was analyzed following 

AOAC (1990). Extraction was made by dipping 5 g of fresh 

sample in 100 mL H2O for 30 min. The mixture was filtered 

and 10 mL of the filtrate was added to 25 mL of 20% glacial 

acetic acid titrated against standardized 2, 6-

dichloroindophenol (0.05 g/100 mL) solution. The standard 

curve constructed with increased concentrations of AsA to 

compare the values. 

Niacin (NIA): The NIA was measured with the method of 

Okwu and Josiah (2006). For this purpose, 0.5 g fresh 

material was taken and vigorously shaken with 50 mL of 

1NH2SO4 for 30 min. Later 3 drops of concentrated 

ammonia solution were carefully added to the sample 

mixture and filtered with Whatman No. I filter paper. Ten 

mL of filtrate was pipette into a 50 mL conical flask and 5 

mL each of 10% potassium cyanide solution and 0.02N 

H2SO4. Absorbance of colored mixture was read at 470 nm 

using spectrophotometer. For the exact concentration of 

NIA, standard curve was constructed using a range of 

standards. 

Riboflavin (RIB): For RIB estimation, 5 g leaf tissue was 

extracted with 100 mL of 50% ethanol by vigorously 

shaking for 1h, and filtered. Filtrate (100 mL) was 

mixed with 10 mL of 5% potassium permanganate and 

10 mL of 30% H2O2 and kept the mixture to at 50ºC in a 

water bath for 30 min followed by addition of 2 mL of 

40% sodium sulfate, and final volume made to 50 mL. 

After keeping at room temperature for 15 min, the 

absorbance was taken at 510 nm. 

Reducing power assay (RPA): Preparation of samples to 

estimate RPA was done with Sofowora (1993) method. The 

air dried fresh samples were macerated to make paste. Paste 

(0.5 g) was soaked in 20 mL of 98% methanol and left the 

mixture for 48 h and filtered. The filtrate was concentrated 

to 2 mL using rotatory evaporator and stored at 4ºC. For 

estimation of RPA with the method of Perumal and Becker 

(2003), the preserved extract was re-dissolved in 80% 

methanol and phosphate buffer (5 mL pH 6.0) was added. 

Then added 5 mL of 1% potassium ferricyanide, incubated 

at 50ºC for 20 min and then 5 mL of 10% TCA was added. 

The mixture was centrifuged at 3000 × g for 10 min. The 

upper 5 mL layer of the supernatant was mixed with 5 mL 

distilled water 1 mL of 0.1% ferric chloride, and absorbance 

of colored mixture was taken at 700 nm. 

 

Phenolics Accumulation 

 

Anthocyanins (ANT): Analyzed according to the method 

of Stark and Wray (1989). For their extraction, 0.1 g of fresh 

leaf material was macerated with 1 mL of 1% acidified 

(with HCl v/v) methanol and then heated at 50ºC for 1 h. 

After centrifugation, the absorbance of supernatant was 

taken at 532 nm using acidified methanol as blank. The 

ANT was expressed as A535. 

Soluble phenolics (SP): The SP were estimated using 

method of Julkenin-Titto (1985). Extract prepared in 1 mL 

of 80% acetone was centrifuge at 12000×g for 15 min. A 

0.5 mL of the supernatant was diluted with equal amount of 

distilled water; added 0.5 mL of Folin-Ciocalteus reagent 

and vortexed. Then added 2.5 mL of 20% Na2CO3 and 

volume maintained up to 5 mL; vortex for 15‒20 sec and 

measured the absorbance of blue colored mixture at 765 nm 

after incubation in dark for 20 min. 

 

Statistical Analysis of Data 

 

Completely randomized factorial design with three 

replicates was used. The data for all variables recorded 

during both the seasons were pooled to perform analysis 

of variance for both the seasons separately MSTAT-C 

software. Duncan’s Multiple Range Test was applied to 

determine the differences among the factors and their 

interactions (Steel et al., 1996). Treatment means were 

marked with letters when the interactions were significant. 

 

Results 
 

Oxidative Damage and RMP 
 

H2O2: In spring season, no significant (P>0.05) difference 
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in the varieties, but a significant one (P<0.01) in the 

treatments with no interaction (P>0.05) of these factors was 

noted. However, in autumn season the varieties and 

treatments indicated significant (P<0.01) difference with 

significant (P<0.01) V×T interaction. H2O2 contents were 

low in control plants, which further reduced with TU in both 

the varieties. Plants treated with 1000 μM Cd indicated a 

substantial increase in H2O2 contents although the level was 

relatively low in Pak-Afgoi (tolerant maize) whilst medium 

supplied TU to these plants was highly effective in reducing 

H2O2 (Fig. 1a). In autumn season, although the varieties and 

treatments followed the same pattern as seen in spring 

season, the production of H2O2 was higher across the 

treatments and EV-20 (sensitive maize) was less responsive 

to TU in reducing H2O2contents (Fig. 1a). 

MDA: In both spring and autumn seasons, the difference in 

the varieties and treatments was significant (P<0.01) with 

a significant (P<0.01) interaction of these two factors. In 

both spring and autumn seasons, although low in control 

plants, the MDA contents were further decreased with 

TU supply while EV-20 displayed a greater reduction in 

spring and Pak-Afgoi in autumn. Cd stress exponentially 

increased MDA contents in both varieties, but more 

increased in EV-20, while medium supplemented TU 

reduced it bringing virtually at par with control plants in 

both the seasons. Of the two, autumn season was more 

adverse than spring (Fig. 1b). 

RMP: Data showed significant (P<0.01) difference in 

varieties and treatments with significant (P<0.01) 

interaction of both these factors in both the seasons. RMP 

was low in untreated plants of both the varieties, which 

further reduced (improved) with medium supplemented TU 

and this reduction was greater in EV-20. Medium 

supplemented Cd increased RMP in both the varieties while 

Pak-Afgoi indicated a much lesser increase. Application of 

TU to Cd treated plants was highly effective in improving 

the RMP and bringing it to the control levels in both the 

varieties. However, the difference in the seasons was non-

significant (P>0.05) for RMP (Fig. 1c). 

 

Osmoprotectants 

 

FP: As regards FP accumulation in both the seasons, 

data indicated significant (P<0.01) difference in the 

varieties and treatments with significant (P<0.01) 

interaction of these factors. Under control condition, in 

both the seasons, there was no difference in the FP 

accumulation in control and TU treated plants. Cd 

treatment led to a substantial FP accumulation being the 

highest in Pak-Afgoi while application of TU to Cd treated 

plants brought the FP down to the level of control plants in 

both the seasons. However, FP accumulation in both the 

varieties was higher in autumn grown plants than in spring 

season plants (Fig. 2a).  

GB: In both seasons, the data for GB indicated significant 

difference in the varieties (P<0.05) and treatments (P<0.01) 

along with significant (P<0.01) interaction of these factors. 

Spring grown plants of both the varieties indicated greater 

GB accumulation than autumn season plants. In spring 

season, GB was the lowest in Pak-Afgoi, which increased 

with TU application. Cd treatment produced a greater 

increase in GB in EV-20 as compared to Pak-Afgoi, while 

medium supplemented TU reduced the GB accumulation in 

both the varieties (Fig. 2b). In autumn, the GB accumulation 

was much lower than that observed in spring season. In this 

season, normally grown plants indicated an increase in GB 

 
 

Fig. 1: Changes in some membrane characteristics and 

oxidative damage in maize varieties under Cd stress and 

role of thiourea in alleviating Cd toxicity in spring and 

autumn seasons. The alphabets on the data columns show 

significant interaction of varieties and treatments 
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over control in Pak-Afgoi but not in EV-20. Cd treatment 

increased GB equally in both the varieties; while TU applied 

to Cd stressed plants reduced GB greater in EV-20 than 

Pak-Afgoi (Fig. 2b). 

SS: In spring season data revealed no significant (P>0.05) 

differences in the varieties, but a significant (P<0.01) in the 

treatments but there was no interaction (P>0.05) of both the 

factors. In autumn season, however, the varieties, treatments 

and their interaction were significant (P<0.01). In both 

seasons, TU treated or untreated plants of both the varieties 

indicated similar SS contents. Cd stress increased SS 

contents equally in both the varieties in spring season while 

this increase was greater in EV-20 in autumn season. Root 

application of TU to Cd treated plants lowered the SS 

contents but was significantly higher than control in both the 

seasons and varieties (Fig. 2c). 

Total free amino acids (FAAs): In both the seasons 

significant (P<0.01) differences in varieties, treatments and 

their interaction were found. In spring season, the FAAs 

were the lowest in control plants of both the varieties; 

while medium supplemented TU produced a little increase. 

Cd treatment produced a greater increase in this character in 

EV-20 than Pak-Afgoi, while TU applied to Cd stressed 

plants was effective in lowering the FAAs (Fig. 2d). In 

autumn grown plants of both the varieties, untreated plants 

showed the lowest FAAs contents while TU increased these 

values. Cd treated plants manifested substantial increase in 

FAAs but this increase was greater in Pak-Afgoi, while use 

of TU was effective in reducing the FAAs to a considerable 

extent in both the varieties (Fig. 2d). 

 

Phenolics Contents 

 

SP: Statistical analysis of data revealed non-significant 

(P>0.05) difference in the varieties but significant (P<0.01) 

difference in the treatments with significant (P<0.01) 

interaction of these factors in both the seasons. In spring 

season, the SP contents were the lowest in control 

(untreated) plants, while TU application enhanced them 

significantly. The root application of Cd substantially 

increased them equally in both the varieties, while 

application of TU to Cd treated plants reduced SP (Fig. 3a). 

In autumn season, the SP accumulation was lower than that 

observed in spring season. Being lowest in control plants, 

SP were increased with TU application to both the varieties; 

being higher in Pak-Afgoi. Cd treated plants of Pak-Afgoi 

indicated greater SP than EV-20 and TU applied to Cd 

treated plants reduced SP in the control levels (Fig. 3a). 

 
 

Fig. 2: Changes in some osmoprotectants levels of maize varieties under Cd stress and the role of thiourea in 

mitigation of Cd effect in spring and autumn seasons. The alphabets on the data columns show significant interaction of 

varieties and treatments 
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ANT: For both the seasons, data revealed significant 

difference in the varieties and treatments (P<0.01) with 

(P<0.01) significant interaction of both these factors for 

ANT. In spring season, the ANT was low in control plants 

while medium supplemented TU increased it in both the 

varieties. The Cd contamination further increased ANT in 

Pak-Afgoi but decreased in EV-20, while medium 

supplemented TU to Cd treated plants decreased ANT in 

Pak-Afgoi while brought down to the control level in EV-20 

(Fig. 3b). In autumn season, a similar trend of ANT 

synthesis was notable across the treatments in both the 

varieties, but its accumulation was relatively greater in Pak-

Afgoi as compared to EV-20 (Fig. 3b).  

Vitamins Accumulation 

 

AsA: In spring season, data indicated no difference (P>0.05) 

in the varieties but a significant one in the treatments 

(P<0.01) with significant (P<0.05) varieties × treatments 

interaction, while in autumn, there was significant difference 

in the varieties and treatments (P<0.01) with significant 

(P<0.05) interaction of these factors for AsA. In spring 

season under control condition, Pak-Afgoi exhibited low 

AsA contents than EV-20, while medium supplemented TU 

substantially increase it in both the varieties. Root treatment 

with Cd declined AsA in both the varieties while TU applied 

to Cd treated plants increased AsA more in Pak-Afgoi than 

 
 

Fig. 3: Variations in phenolics and vitamins in the leaves of maize varieties under Cd stress and the role of thiourea in 

alleviating the Cd contents in spring and autumn seasons. The alphabets on the data columns show significant interaction of 

varieties and treatments 
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EV-20. In autumn season the trend of AsA accumulation 

across the treatments was similar to that observed in spring 

grown maize except AsA was relatively more accumulated 

in Cd treated plants (Fig. 3c). 

NIA: The data for NIA revealed significant (P<0.01) 

difference in the varieties and treatments with significant 

(P<0.01) V×T interaction. In both the seasons, the NIA 

was similar in control plants of both the varieties while 

medium supplied TU increased it much more in Pak-

Afgoi than EV-20. Cd treatment produced a substantial 

decline in NIA while TU application was highly 

effective in enhancing NIA under Cd stress (Fig. 3d).  

RIB: In both the seasons, data revealed significant (P<0.01) 

difference in the varieties and treatments (P<0.01) with 

significant (P<0.05) varieties × treatments interaction, while 

in autumn, there was significant difference in the varieties 

(P<0.05) and treatments (P<0.01) with significant (P<0.01) 

interaction of these factors for RIB. In spring season under 

control condition, both the cultivars had similar RIB while 

medium supplemented TU enhanced it almost equally in 

both the varieties. Cd treatment was detrimental to RIB in 

both the varieties, while TU was more effective to this 

attribute in EV-20 than Pak-Afgoi. In autumn season plants 

of both the varieties, the RIB accumulation trend was 

similar to spring season with the difference that over all RIB 

contents were greater excepting Cd treated plants which 

showed low RIB (Fig. 3e). 

RPA: In both autumn and spring seasons, data indicated no 

significant (P>0.05) difference in the varieties but a 

significant one in the treatments (P<0.01) with significant 

(P<0.05) interaction of varieties and treatments for RPA. 

Results suggested that in both the seasons, RPA was 

similar in untreated (control) plants but TU made a 

substantial increase in both the varieties. Cd treatment 

was highly damaging to this character; the damage being 

greater in EV-20 than Pak-Afgoi, while TU applied to Cd 

treated plants was quite efficacious in improving PRA in 

both the varieties (Fig. 3f). 

 

Discussion 

 

Among the multifarious effects of Cd, membrane damage is 

perhaps the most important one (Azevedo et al., 2005; 

Wahid et al., 2009; Vassilev and Lidon, 2011). The plants 

have employed various mechanisms to repair the damage 

caused by Cd to the cellular membranes. These mechanisms 

include enhancing the synthesis of osmoprotectants such as 

GB, FP and SS and enzymatic and non-enzymatic 

antioxidants (Adhikari et al., 2006; Guo et al., 2009). In the 

present case it was noted that root applied Cd was damaging 

to the membrane lipids, as revealed from the data for RMP. 

The data further showed that in Cd treated plants, there was 

a high generation of H2O2 in both the seasons although 

tolerant maize was more resistant (Fig. 1a and b). Medium 

supplied TU was quite effective in reducing the generation 

of H2O2, production of MDA as well as reducing RMP, and 

bringing their levels closer to the control in both the 

varieties and seasons (Fig. 1c), which provides clear 

evidence for the involvement of TU in offsetting the 

oxidative stress. Some studies showed the beneficial use of 

TU as foliar spray or seed dressing in various plant species 

in offsetting the oxidative damage caused by salinity 

(Anjum et al., 2008) and drought (Garget al., 2006), while 

no study to date has thus far documented the effectiveness 

of medium supplementation of TU in reducing Cd toxicity 

and the mechanisms involved.  

It has been established that osmoprotectants 

accumulate as an adaptive mechanism under abiotic stresses 

(Wahid et al., 2009). The accumulation of amino acid 

especially proline in free form, GB and SS has been well 

established in the alleviation of stress toxicity by enhanced 

activity of antioxidants, reduced oxidative stress, improved 

membrane properties and signaling sugar metabolism (Chen 

and Murata, 2008; Rosa et al., 2009). In this study, Cd 

treatment led to a high accumulation of TFAs, FP, GB and 

SS as a toxicity effect in both the cultivars, while medium 

supplemented TU curtailed this toxicity and reduced their 

levels significantly (Fig. 2). This indicated that an 

indiscriminate accumulation of osmolytes in both the 

varieties is an adaptive response to maintain the membrane 

integrity and TU appeared to help maize in better 

metabolites adjustments under Cd stress. 

Plants show the expression and biosynthesis of an 

array of antioxidants which may be enzymatic and non-

enzymatic in nature (Racchi, 2013). Here data were 

recorded to find out possible involvement of SP, ANT, 

AsA, NIA and RIB as non-enzymatic antioxidants (Fig. 3). 

Results showed that although there was increased synthesis 

of SP and ANT in both the varieties treated with Cd, and 

medium supplemented with TU reduced the SP synthesis 

about equally in both the varieties, while declined the 

anthocyanins contents more in EV-20 (sensitive maize) 

than Pk-Afgoi (tolerant maize) during both the seasons. 

This appeared as an important metabolic adjustment as 

antioxidant. The ANT synthesis has a definite role as 

antioxidant in Cd tolerance of maize (Hussain et al., 

2013) and lettuce (Kosyk et al., 2017). 

Vitamins are important metabolites, which act as 

cofactors in metabolic phenomena and act as developmental 

cues in plants exposed to environmental stresses (Smith et 

al., 2007). Thus, the metabolic efficiency of cell is 

determined by optimum levels of vitamins. Important 

vitamins in plant metabolism are AsA, NIA, RIB, thiamine 

etc., while the RPA is a measure of how much energy is 

available for operation of metabolic functions of cells (Duh, 

1998; Kramer and Evans, 2011). Prevailing stress conditions 

usually result in the reversion of normal metabolic function 

which also disturbs the energy balance of the cell (Loix et 

al., 2017; Zemanová et al., 2017). However, such 

information is lacking for plants grown under Cd 

intoxication. Results of this experiment showed that although 

Cd treatment hampered the AsA, NIA and RIB 
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concentration, as well as reduced RPA, in both the varieties, 

the tolerant maize not indicated greater NIA and RIB in both 

the seasons but it also manifested greater RPA. Nevertheless, 

TU successfully reversed the adverse effect of Cd in most 

instances in the two seasons. Contrarily, AsA was almost 

equally influenced by Cd and profound action of TU was 

also similar in both the varieties. A number of studies show 

that vitamins in addition to their normal function as cofactors 

in metabolism (Smith et al., 2007) also act as stimulants of 

enzymatic antioxidant system and mitigate the oxidative 

damage by dousing ROS and protecting cytoplasmic 

membranes form such effects (Guo et al., 2009; Asensi-

Fabado and Munné-Bosch, 2010). These data suggested that 

Cd tolerance of maize is exclusively related to the levels of 

NIA and RIB in the maintenance of metabolic functions. 

Nonetheless, action of TU was well explicit in the mitigation 

of Cd effect and restoration of metabolic function by 

providing greater reducing powers in both the varieties. 

 

Conclusion 

 

Cadmium stress stimulated the oxidative stress on maize, 

while TU nullified the ROS production by metabolic 

adjustments. Of these metabolites, accumulation of FP, 

ANT, NIA and RIB seemingly acted as antioxidants, and 

high generation of reducing powers was also pivotal. 

Medium supply of TU to roots improvised the leaf growth 

indicating its Cd binding role at root level. Notwithstanding, 

this is the first comprehensive report of alleviation of Cd 

phytotoxicity by root application of TU, while this role 

needs to be ascertained with the use of broad range of 

treatments and at multiple time intervals.  
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