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Abstract 

The response of two maize (Zea mays L.) genotypes, named GR (salt-tolerant) and SK (salt-

sensitive), to salt stress (150 mM NaCl) was investigated under controlled environmental 

growth conditions. Genotype SK experienced more oxidative damage than the GR genotype 

when subjected to salt stress, which corresponded to higher O2- production rate and H2O2 

content in the SK genotype than the GR genotype. Induction of caspase-like activity in response 

to salt stress was stronger in the SK genotype than in the GR genotype. On the other hand, 

induction of antioxidant enzyme activity to scavenge O2- and H2O2 in response to salt stress 

was weaker in the SK genotype than in the GR genotype. Consequently, the higher level of 

oxidative damage in the SK genotype in response to salt stress was manifested as more 

extensive cell death and biomass reduction in the SK genotype than it was in the GR genotype. 

Our results suggest that a direct relationship exists between salt stress-induced oxidative 

damage and cell death-inducing caspase-like activity, with tolerance to the salt stress being 

controlled by the efficiency of the plantantioxidant enzymes in limiting salt stress-induced 

oxidative damage and thus limiting cell death-inducing caspase-like activity. 

 

Introduction 

Salinity stress adversely affects plant growth and can lead to plant cell death and severe 

reduction of crop yield because of its negative effects on diverse plant biochemical and 

physiological processes (Parida and Das 2005). The effects of salinity on these processes 

are partly due to generation of reactive oxygen species (ROS) such as the superoxide 

anion (O2
-) and hydrogen peroxide (H2O2), which trigger augmented antioxidant 

enzyme activities as a defence mechanism against ROS-induced oxidative damage (Gé mes 

et al. 2011; Mallik et al. 2011; Noreen et al. 2010; Sairam et al. 2005). One of the 

consequences of ROS overproduction in response to salt stress is lipid peroxidation, 

manifested as oxidative damage to lipids that constitute cell and organelle membranes that 

can be estimated on the basis of malondialdehyde (MDA) content (Ellouzi et al. 2011). Plants 

with enhanced ability to scavenge ROS (which we refer to as enhanced antioxidant 

capacity) and improved ability to prevent cell death under salinity stress may thus have 
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enhanced tolerance against salt stress (Miller et al. 2010; Tseng et al. 2007; Wu et al. 

2008). 

 

Antioxidant enzymes that control the biosynthesis and utilization of antioxidant 

metabolites such as glutathione and ascorbate to detoxify ROS (Foyer and Noctor 2005; 

Miller et al. 2010; Mittler 2002) intricately regulate antioxidant capacity. ROS are thought 

to be key inducers of programed cell death in plants (De Pinto et al. 2012) and 

antioxidants have an important role in this process (Li et al. 2007). Furthermore, programed 

cell death that may be triggered by salt stress-induced oxidative stress may in part be 

controlled by  caspase-like  cysteine  endopeptidase activity (Miller et al. 2010; Solomon et 

al. 1999; Wang et al. 2010) and by metacaspases (He et al. 2008). Caspases belong  to  

proteases  of  the  cysteine   endopeptidase (EC 3.4.22) family and are vital for the 

execution of programed cell death in plant tissue (Naito et al. 2000; Vincent and Brewin 

2000; Groten et al. 2006). Cysteine endopeptidase activity is instrumental in the execution 

of programed cell death in plants in response to salt stress, as seen for caspase-like 

activity in suspension-cultured cells of Thellungiella halophila plants (Wang et al. 2010) 

and in the mesophyll of tobacco (Andronis and Roubelakis-Angelakis 2010) exposed to 

NaCl. Interestingly, the involvement of other types of plant caspases, such as metacaspase- 

8, has been demonstrated in ultraviolet light and H2O2- induced oxidative stress in 

Arabidopsis (He et al. 2008). It thus appears that induction of caspase activity by abiotic 

stresses, including salt stress, may be transduced via ROS production in response to abiotic 

stresses. Cysteine endopeptidase-specific inhibitory proteins known as cystatins (Solomon 

et al. 1999) can control the ROS-activated caspase-like activity and these cystatins thus 

present a mechanism by which ROS-mediated programed cell death can be regulated 

under abiotic stress. The involvement of cystatins in the regulation of abiotic stress 

tolerance has been demonstrated for Arabidopsis thaliana (Zhang et al. 2008). 

 

Recent  evidence  suggests  that  plant  genotypes  with contrasting tolerance to some 

abiotic stresses have contrasting antioxidant enzyme activities when exposed to these 

stresses. This has been suggested for cowpea (Vigna inguiculata L.) and turnip (Brassica 

rapa L.) cultivars during salinity stress (Maia et al. 2010; Noreen et al. 2010), salt-tolerant 

Hordeum marinum Huds versus salt-sensitive Hordeum vulgare L. (Seckin et al. 2010), 

maize (Zea mays L.) seedlings exposed to cadmium stress (Ekmekç i et al. 2008), wheat 

(Triticum aestivum L.) exposed to salt stress (Mandhania et al. 2006), rice (Oryza sativa 

L.) during salt stress (Vaidyanathan et al. 2003) and cotton (Gossypium hirsutum L.) 

seedlings exposed to salt stress (Gossett et al. 1994). Despite this extensive number of 

reports on the role of antioxidant enzymatic activities in regulating plant responses to 

abiotic stresses, reports on caspase-like activity as a key regulator of salt stress responses 

are limited. Furthermore, short-term effects of salt stress on maize biochemical and 

physiological responses are well documented but the long-term effects of salt stress (which 

are more reflective of field conditions) on such processes in maize are scarce. It was on this 

basis that we investigated lipid peroxidation, ROS accumulation, antioxidant enzyme 

activities, caspase-like enzymatic activities, cell death and growth responses in two maize 

genotypes with contrasting levels of tolerance (one sensitive and the other tolerant) to salt 
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stress to establish if any relationship exists between the level of salt stress tolerance and the 

physiological/biochemical processes studied in this report. 

 

Materials and methods 

Plant material, treatments and experimental design 

Maize (Zea mays L.) seeds of commercial proprietary genotypes (kindly donated by 

Capstone Seeds  Pty Ltd, Howick, South Africa) code-named GR and SK were surface 

sterilized in 0.35 % sodium hypochlorite for 10 min, followed by 5 washes with sterile 

distilled water. The maize seeds were imbibed in sterile distilled water for 1 h and sown in 2 

l of filtered silica sand (98 % SiO2, Rolfes® Silica, Brits, South Africa) that had been pre-

soaked in distilled water, in 20 cm diameter plastic pots. The sand was kept moist by 

watering only with distilled water during germination. 

 

Germinated seedlings (thinned out so that there was one plant per pot) were grown on a 

25/19 °C day/night temperature cycle under a 16/8 h light/dark cycle, at a photosynthetic 

photon flux density of 300 lmol photons m-2 s-1 during the day phase, in a completely 

randomized design so that plants are randomly placed (instead of placing the plants in groups 

on the basis of the kind of treatment applied) in the growth  chamber  to  eliminate  the  effect  

of  variations  in environmental conditions at different positions in the growth chamber on any 

of the parameters measured across the treatments. Plants were supplied with nutrient 

solution composed of 1 mM K2SO4, 2 mM MgSO4, 10 mM CaCl2, 5 mM  KNO3,  10 mM  

NH4NO3,  1 mM  K2HPO4   buffer at  pH  6.4,  5 lM  H3BO3,  5 lM  MnSO4,  1 lM  

ZnSO4, 1 lM CuSO4, 2 lM Na2MoO4, 1 lM CoSO4, 100 lM Fe-NaEDTA and 5 mM 2-

(N-Morpholino)ethanesulfonic acid (MES) at pH 6.4 when they reached the V1 stage (when 

the collar of the first leaf was visible). It was at this stage that salt stress was imposed. Plants 

of the same phenological stage and similar height were selected for all experiments. 

 

For treatment with NaCl to impose salt stress, 200 ml of nutrient solution containing NaCl at 

a final concentration of 150 mM was applied (at intervals of 3 days between each treatment) 

to each plant by adding the solution directly to the sand at the base of the stem of the 

plant for a total period of 21 days. Control plants were treated in a similar manner except  

that nutrient solution  without NaCl was used for the control plants. 

 

Several molecular/biochemical and dry weights were evaluated immediately after 21 days of 

salt treatment. Freshly harvested plants were used for measurement of O2
- 

accumulation, cell death and dry weights but snap-frozen (in liquid nitrogen) tissue 

was used for all other assays (in which case the tissue was stored at -80 °C and used 

within 2 days). 

 

Measurement of plant dry weight 

Plants were removed from the sand, being careful to avoid any loss of shoots or roots during 

the up-rooting of the plants. Ten plants from each treatment (nutrient solution only or 

http://repository.uwc.ac.za



4 
 

nutrient solution supplemented with NaCl) were divided into shoots (area immediately above 

the hypocotyl) and roots (area immediately below the hypocotyl). The shoots and roots 

were dried separately in an oven at 80 °C for 72 h to determine dry weights (moisture 

uptake was prevented by keeping plant tissue in desiccators containing silica gel). 

 

Measurement of cell viability 

Leaves and roots from each genotype were assayed for cell viability as described by Sanevas 

et al. (2007) for plant tissue. For this assay, leaves and roots were harvested and stained 

with 0.25 % (w/v) Evans Blue for 15 min at room temperature. The leaves or roots were 

then washed for 30 min in distilled water, followed by extraction of the Evans Blue stain 

from leaf or root tissue using 1 % (w/v) SDS after incubation for 1 h at 55 °C. Absorbance 

of the extract was measured at 600 nm to determine the level of Evans Blue taken up by 

the leaf or root tissue. 

 

Assays for ROS accumulation 

We investigated if O2
- and H2O2 content differed between the two maize genotypes 

upon treatment with NaCl. For O2
- determination, a method modified from that 

described by Able et al. (1998) was used. O2
- was determined by obtaining shoot and 

root sections (1 cm2 for leaf sections or 2 cm from the root tip for root sections, to a total 

fresh weight of 100 mg) from each treatment or corresponding control. The sections were 

washed twice with distilled water and then incubated at room temperature for 20 min in 

0.12 mM XTT in 50 mM phosphate buffer, pH 8.2. The tissue was removed, and the assay 

solution was centrifuged (13,000g for 5 min). The absorbance of the supernatant was 

measured at 450 nm and expressed as nanomoles of superoxide generated per minute per 

gram of tissue, using the  molar  extinction  coefficient  for  the  XTT  formazan product of 

23,600 M-1 cm-1. 

 

H2O2 content was determined in leaves and roots of each genotype at the end of the 21 

days of salt treatment. The leaves or roots were assayed for H2O2 content based on a 

method adapted from Velikova et al. (2000). Plant tissue (200 mg) was ground into a 

fine powder in liquid nitrogen. The tissue was homogenized in 800 ll of cold 5 % (w/v) 

trichloroacetic acid (TCA). The homogenate was centrifuged at 12,000g for 30 min at 4 °C to 

obtain the H2O2 extract. The reaction mixture contained 50 ll of the extract, 5 mM 

K2HPO4, pH 5.0 and 0.5 M KI. Samples were incubated at 25 °C for 20 min and 

absorbance readings of the samples were taken at 390 nm. H2O2 content was calculated 

based on a standard curve constructed from the absorbance (A390 nm) of H2O2 standards. 

 

Measurement of lipid peroxidation 

Lipid peroxidation (reflected by MDA content) was measured in leaf and root tissue by 

grinding leaf or root tissue (200 mg) into a fine powder in liquid nitrogen. The tissue was 
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homogenized in 800 ll of cold 5 % (w/v) TCA. The homogenate was centrifuged at 

12,000g for 30 min and further processed based on the method of Buege et al. (1978). 

 

Determination of caspase-like activity 

We investigated if caspase-like activity differed between the two maize genotypes amongst 

the salt treatments. For assaying caspase-like activity, leaves and roots (only the second 

youngest leaf of each plant to ensure uniformity and sufficient plant material for the rest of 

the assays) of each genotype were used at the end of the 21 days of salt treatment. For this 

assay, 200 mg of leaf or root tissue was ground   in   liquid   nitrogen   into   a   fine   powder   

and homogenised in 2 ml of assay buffer containing 100 mM Tris–HCl (pH 7.2), 5 mM 

MgCI2,  2 mM  EDTA,  10 % (v/v) glycerol, 10 mM b-mercaptoethanol, and 1 mM 

phenylmethylsulfonyl fluoride (PMSF). Addition of PMSF was done in order to inhibit other 

classes of proteases, such as serine proteases, since cysteine protease inhibition by PMSF 

is reversed in the presence of b-mercaptoethanol but inhibition of other classes of 

proteases by PMSF is not reversed by b-mercaptoethanol. 

 

The tissue extract was centrifuged at 13,000g for 30 min at 4 °C, followed by removal of the 

supernatant, which was then used as tissue extract for the assay. At this stage, 20 ll of the 

tissue extract was incubated in 70 ll of assay buffer at 37 °C for 5 min, followed by 

addition of 10 ll of 5 mM N-Acetyl-Asp-Glu-Val-Asp-p-Nitroanilide (Ac-DEVD-pNA) as 

substrate (dissolved in dimethyl sulfoxide) for caspaselike activity to a final concentration 

of 0.5 mM. A blank reaction was set up in which Ac-DEVD-pNA was substituted with 10 ll 

of DMSO. These reaction mixtures were incubated at 37 °C for 60 min, within which 

caspase-like activity was followed by measuring absorbance at 405 nm every 20 min during 

the 60-min incubation period. Caspase-like activity was calculated using the extinction 

coefficient of 9.6 mM-1 cm-1 for the p-nitroaniline. 

 

Assays for antioxidant enzyme activity 

Enzyme extracts were obtained from the leaves (only the second youngest leaf of each plant 

to ensure uniformity and sufficient plant material for the rest of the assays) and roots by 

grinding plant tissue (leaves or roots) into a fine powder in liquid nitrogen and 

homogenizing 200 mg of the tissue with 1 ml of homogenizing buffer consisting of 40 

mM K2HPO4, pH 7.4, 1 mM EDTA and 5 % (w/v) polyvinyl-pyrrolidone (molecular 

weight = 40,000). The resulting homogenates were centrifuged at 12,000g for 30 min 

and the supernatants were used for enzyme assays. 

 

For total superoxide dismutase (SOD, EC 1.15.1.1) activity, leaves or roots of each genotype 

were used. The leaves or  roots were assayed for SOD activity using  a procedure based on 

the method described by Beyer and Fridovich (1987). The reaction mixture contained 50 

mM K2HPO4, pH 7.8, 0.1 mM EDTA, 0.025 % (w/v) Triton X-100,  0.1 mM  xanthine,  

6.25  nM  xanthine  oxidase, 0.1 mM 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulf- 

ophenyl)-2H-tetrazolium (WST-1) and 10 ll of extract. The reaction mixture was 

incubated for 20 min at 37 °C and  absorbance  readings  were  taken  at  450 nm.  SOD 
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activity was calculated based on the amount of enzyme that was required to cause 50 % 

decrease in the reduction of WST-1. 

 

For total ascorbate peroxidase (APX, EC 1.11.1.11) activity, leaves and roots of each 

genotype were used for assaying ascorbate peroxidase activity using a procedure adapted 

from Asada (1984). For this assay, extracts were supplemented with ascorbate at a final 

concentration of 2 mM. The reaction mixture contained 10 ll of extract, 50 mM 

K2HPO4, pH 7.0, 0.1 mM EDTA, 50 mM ascorbate, 1.2 mM H2O2 in a 200 ll reaction. 

APX activity was calculated based on the change in absorbance at 290 nm as ascorbate was 

oxidised during the reaction, using the extinction co-efficient of 2.8 mM-1  cm-1. 

 

Determination of protein concentrations 

Protein concentrations for all assays were measured in extracts derived from homogenizing 

buffer as described by the manufacturer for the RC DC Protein Assay Kit 11 (Bio-Rad 

Laboratories, Inc., Hercules, CA). 

 

Statistical analysis 

All experiments described were performed three times independently, with measurements 

taken from three (for all other measurements) or ten (for dry weight measurements) 

different plants for each treatment in each of the three independent experiments. One-

way analysis of variance (ANOVA) test was used to  analyse  all  data  and  mean (of three 

independent experiments) was compared by the Tukey–Kramer test at 5 % level of 

significance, using GraphPad Prism 5.03 software. 

 

Results 

Given that salt stress negatively affects plant growth (Parida and Das 2005), we compared 

dry weights between the SK and the GR genotypes at the end of the treatment period. Dry 

weights of both genotypes were negatively affected by salt treatment but reduction in 

shoot and root dry weights was more severe in the SK genotype than the GR genotype in 

response to salt treatment for both shoots (Fig. 1a) and roots (Fig. 1b). It is noteworthy that 

leaf rolling and leaf chlorosis occurred in both genotypes in response to the salt stress in 

this study and the leaves of both genotypes were smaller in the salt-treated plants than the 

leaves of the corresponding controls (results not shown). However, the extent of leaf 

rolling, chlorosis and reduction in leaf size was more prominent in the SK genotype than 

the GR genotype (results not shown). Plants treated with salt suffered a loss in cell 

viability, as indicated by an increase in the uptake of Evans Blue (which is indicative of cell 

death) in leaves and roots of both genotypes (Fig. 1c,  d) upon  salt treatment. The loss  of  

cell viability was higher in salt-treated SK than in salt-treated GR compared to the 

corresponding controls (Fig. 1c, d). 
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Abiotic stresses such as salt stress cause generation of ROS (Miller et al. 2010) and hence it 

is possible that maize genotypes with contrasting responses to salinity stress may have 

different ROS accumulation profiles. We thus investigated if the H2O2 content in the two 

genotypes differed in response to salt treatment. H2O2 content increased moderately in 

salt-treated GR compared to the corresponding controls, whereas the H2O2 content 

increased much more drastically for SK in response to salt treatment, for both the leaves 

(Fig. 2a) and the roots (Fig. 2b). Excessive levels of ROS, which cause oxidation of cellular 

macromolecules (lipids, nucleic acids and proteins), can trigger activation of cysteine 

endopeptidase enzymatic activity such as caspaselike activity (De Azevedo Neto et al. 2006; 

Miller et al. 2010; Mittler 2010; Solomon et al. 1999; Wang et al. 2010). It was on this basis 

that we investigated if the level of caspase-like enzymatic activity differed between these 

two maize genotypes. Caspase-like enzymatic activity increased in leaves and roots for 

both the GR and SK genotypes in response to salt treatment compared to untreated 

controls (Fig. 2c, d). However, the leaf caspase-like  enzymatic  activity  in  salt-treated  

GR  was  only ±onefold more than that of the untreated GR control, in contrast to 

±twofold more caspase-like enzymatic activity for salt-treated SK in comparison to the 

corresponding SK control  (Fig. 2c).  Similarly,  the  root  caspase-like  enzymatic activity in 

salt-treated GR was only ±onefold more than that of the untreated GR control, whereas the 

caspase-like  enzymatic  activity  in  roots  of  salt-treated  SK  was ±threefold in comparison 

to the corresponding SK control Superoxide dismutase enzymatic activity is one of the 

major routes for the detoxification of O2
- (De Azevedo Neto et al. 2006; Foyer and 

Noctor 2005) and is augmented in response to various abiotic stresses in plants, including 

salt stress (Mittler 2002; Mittler et al. 2004, 2010). We thus set out to establish if superoxide 

dismutase enzymatic activity in these two genotypes differs. Leaf SOD activity increased in 

both GR and SK in response to salt treatment but the increase was more pronounced in GR 

than in SK in response to salt treatment compared to the corresponding untreated controls 
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(Fig. 3a). However, root SOD activity in SK was inhibited by the salt treatment whereas it 

was induced in GR by the salt treatment (Fig. 3b). 

 

Given that SOD acts to convert O2
- into H2O2 and O2 (Beyer and Fridovich 1987; Foyer 

and Noctor 2005; Mittler 2002), it would be expected that elevated SOD activity would 

lead to accumulation of H2O2. Accumulation of H2O2 can trigger augmented ascorbate 

peroxidase (APX) activity in an attempt by the cells to detoxify the H2O2 thus measured 

APX enzymatic activity to establish if the trend of this enzymatic activity observed for SOD 

would be maintained for APX under the same conditions. The degree of increase in APX 

enzymatic activity in leaves and roots was more pronounced in GR than in SK in response 

to salt treatment (Fig. 3c, d). 

 

 
 

Excessive ROS levels result in oxidative stress, for which lipid peroxidation is one of the 

biochemical markers, and ultimately results in cell death if the plant cannot present 

efficient defences against the stress (Miller et al. 2010; Wang et al. 2010). We thus 

investigated if lipid peroxidation (estimated from MDA content) in the two genotypes 

differed in response to salt treatment. Leaf MDA content increased moderately in salt-

treated GR, whereas the leaf MDA content increased much more drastically for SK in 

response to salt stress, compared to the corresponding controls in both the leaves (Fig. 4a) 

and  the roots   (Fig. 4b).   A   similar   trend   was   observed   for O2
- accumulation, for 
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which a more prominent increase in O2 increase seen in GR in leaves (Fig. 4c) and roots 

(Fig. 4d). 

 

Discussion 

On the basis of the effects of salt stress on biomass (deduced from dry weight 

measurements), the observation that salt treatment induces more extensive loss in growth of 

the SK genotype than it does for the GR genotype, together with the observation that more 

extensive unfavourable changes in leaf morphology/appearance occurred in the SK genotype 

than in the GR genotype, implies that the SK genotype can be regarded as more sensitive 

to salt stress than the GR genotype. This is supported further by the fact that the extent of 

cell death (loss of cell viability as indicated by the extent of Evans Blue uptake) was more 

severe in the SK genotype than the GR genotype in response to salt stress. 

 

 
 

The observed increase in cell death in response to salt stress in the two genotypes can 

either be necrotic death or programed cell death and this remains to be investigated. 

However, the fact that strong evidence exists for the involvement of programed cell death 

in plant responses to salt stress (Katsuhara 1997; Wang et al. 2010) implies that it is highly 

likely that the cell death observed here for the maize genotypes could be a consequence of 

a programed cell death pathway. We are currently studying these maize genotypes to 

investigate if such cell death in response to salt stress is truly a consequence of a 

programed cell death process, by examining features that are hallmarks of programed cell 

death (DNA fragmentation presented as ladders on agarose gels, cytochrome c release 

and TUNEL assays). A preliminary indication that the cell death is likely to be via a 

programed cell death pathway, although necrotic death cannot be ruled out at this stage, 

is that caspase-like activity was augmented in the two maize genotypes in response to salt 
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stress. It has been demonstrated that increased cysteine endopeptidase activity (in the 

form of caspase-like activity) in salt-stressed plants is indicative of programed cell death 

(Wang et al. 2010). It is thus appropriate to expect that the cell death observed for the two 

genotypes in response to salt is programed cell death. Similarly to the results of the cell 

death assay, caspase-like activity in the SK genotype is higher than that in the GR genotype 

in response to salt stress. The involvement of cysteine endopeptidase activity in response 

to salt stress was also demonstrated in Mesembryanthemum crystallinum leaves in which 

both mRNA and protein expressions were strongly induced by salt (Forsthoefel et al. 1998). 

Furthermore, expression of a cysteine endopeptidase in transgenic Arabidopsis plants 

altered salt tolerance (Chen et al. 2010). 

 

The reduction of SOD activity in the roots of SK may be the result of the large (threefold) 

increase in the O2
- in this genotype which may inhibit the SOD activity. In contrast to the 

roots, there was no large difference in the increase of O2
- content in the shoots between 

the two genotypes; therefore the SOD activity was also greater after salt treatment in both 

genotypes. It is likely that regulation of SOD activity is one of the crucial determinants of 

the level of salt stress tolerance in the two maize genotypes. This is in agreement with a 

previous study in which it was demonstrated that the activity of SOD exhibited a greater 

increase   following   salt   stress   in   salt-tolerant   maize genotype than in sensitive ones 

(De Azevedo Neto et al. 2006). 

 

 
 

From comparison of pea genotypes with different salt tolerance, it turned out that SOD 

was induced both at transcriptional and enzymatic activity level in the tolerant genotype, 

but it was not affected in the sensitive one (Hernández et al. 2000). Enhanced salt 

http://repository.uwc.ac.za



11 
 

tolerance was observed in transgenic tobacco overexpressing SOD (Badawi et al. 2004), 

which also corroborates the significant role of SOD in response to salt stress. 

 

Accumulation of O2
-  can be countered by triggering SOD activity to bring O2

- levels to 

basal levels, the result of which is the production of H2O2 (Beyer and Fridovich 1987; 

Foyer and Noctor 2005; Mittler 2002). The salt-induced changes in SOD enzymatic 

activity corresponded with altered H2O2 content in this study. This was also observed in 

rice (Lee et al. 2001). However, the fact that the roots of the SK genotype accumulated 

higher H2O2 levels in response to salt stress despite having inhibited SOD activity in 

response to salt suggests that other sources (e.g. glycolate oxidase, fatty acid oxidation, 

oxalate oxidase, amine oxidase and peroxidases such as Mn2+ and NADH oxidases) of 

H2O2 (Mittler 2002) also contribute to the accumulation of this ROS in response to salt 

stress in addition to SOD enzymatic activity. The importance of H2O2 in the stress 

response is indicated by its different concentrations in the two maize genotypes after salt 

stress. Similarly to maize, higher H2O2 was measured in the salt-sensitive rice genotype 

than in the tolerant one during salt stress (El-Shabrawi et al. 2010). In addition, the 

sensitive maize genotype showed elevated MDA content (and thus lipid peroxidation) that 

is more pronounced than the MDA content of the tolerant genotype in response to salt stress 

in the present study. 

 

In detoxification of H2O2, APX is important and the efficiency with which the H2O2 is 

scavenged would be important in the determination of salt tolerance (higher APX activity 

may result in more efficient removal of H2O2 and thus lower H2O2 in the salt-tolerant 

genotype than in the salt-sensitive genotype). The involvement of APX in the response to 

salt stress was also demonstrated in rice, in which salt treatment resulted in greater APX 

activity, and certain isoforms were preferentially induced (Lee et al. 2001). In addition, 

the APX activity in a salt-tolerant tomato accession was inherently higher than in a salt-

sensitive cultivar, and this difference was also observed following salt stress (Shalata and 

Tal 2002). However, the contribution of catalase and glutathione peroxidase enzymatic 

activity to H2O2 removal may also be important. 

 

We thus conclude that antioxidant capacity (i.e. the extent to which antioxidant enzymes 

detoxify/scavenge ROS) and caspase-like activity play a crucial role in regulating plant 

tolerance against salt stress. 
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