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About 90% of our food is provided by thirty crop species. Reduction in yield of these crops is mainly caused by different 
biotic and abiotic stresses. Among these stresses, salinity is considered as most important causing major loss in crop 
production. In our study, we evaluated maize for antioxidant system under salt stress. The salt (NaCl) stress was used as 
50, 100 and 150mM concentrations for about a week. Almost all the antioxidant enzymes showed an increase response 
against various salt stress concentration. An increase in antioxidants enzymes as peroxidase (POD), hydrogen peroxide 
(H2O2), catalase (CAT) and ascorbate peroxidase (APX) were observed. However, the response of these enzymes was 
different in both leaves and roots under different salt concentrations. The amount of Na+ uptake was shown to be very 
high with increased salt concentrations. A decrease in the amount of Ca++ and K+ was noted in maize roots and leaves 
with gradual increase of salt concentrations. Moreover, chlorophyll a and b were also severely affected maize leaves with 
high salt concentrations, respectively. 
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INTRODUCTION 

Salinity is an extreme progressively global problem 
known for its effect on plant growth and development 
causing yield reduction. Besides, naturally occurring 
salinity, the amount is increasing due to climatic change 
and irrigation practices (Zelm et al. 2021). It is considered 
as one of the foremost abiotic stresses affecting the arid 
and semiarid regions of the world (Abuelgasim & Ammad 
2019). Even in some coastal agricultural regions, like 
Bangladesh, salinity is affecting migration pattern of the 
farmers, stressing the affect and urgency of the problem 
(Chen and Mueller, 2018). 

According to an estimate, salinity is known to affect 
about more than 800 million hectares of the land 
worldwide (FAO, 2017). It is also an essential 
environmental problem in Pakistan mostly instigated 
through soil erosion and also caused by man due to long-
term irrigation misconduct. About 25% of the irrigated land 
has been affected by salinity in the country contributing to 
1.4 million hectares of the total cultivated land 
unproductive. The total damages caused by salinity in 
Pakistan are 15 to 55 billion rupees (Rs) (Anon, 2006).  

Salt stress endorses numerous damaging effects 
(Acosta-Motos et al. 2017). Salinity weakens plant growth 
and development mainly because of water stress, 

unnecessary uptake of Na+ and chloride Cl− ions that 
causes cytotoxicity and also because of nutritional 
disturbance (Hernandez et al. 2001; Isayenkov, 2012).  

Plants have adopted two mechanisms to cope with 
the salinity. The first one is ion dependent growth 
reduction that occurs within few minutes to days. The 
responses are closing of stomata and reticence of shoot 
cells expansion (Rajendran et al. 2009). The 2nd phase 
lasts from days or weeks and in this case the ion level 
increases to toxic levels and in response metabolic 
processes are slows down and there is premature 
senescence causing cell death (Munns and Tester, 2008; 
Roy et al. 2014).  

Salinity is accompanied with oxidative stress because 
of formation of reactive oxygen species (ROS) 
(Hernandez et al. 2001; Isayenkov, 2012). Overproduction 
of (ROS) has been listed in salt stress (Hussain et al. 
2016). ROS play twin part in salinity stress response. It 
functions as a harmful byproduct of stress and also has an 
activating role in triggering many pathways that may lead 
to protective responses (Ma et al. 2020).There are 
fundamentally four forms of cellular ROS, superoxide 
radical (O2), singlet oxygen (1O2), hydrogen peroxide 
(H2O2) and the hydroxyl radical (HO). Each has an 
oxidizing potential and a characteristic half-life (Azevedo 
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et al. 2006).  
Excess amount of ROS can cause impairment in 

proteins, DNA, chlorophyll and also in functions of 
membrane. Different ROS are generated by the plants, i.e. 
H2O2, (•O2ˉ) and •OH radicals (Azevedo et al. 2006). To 
deal with excess ROS, plants have an advanced system 
of defense to avoid any disparity between generation of 
ROS and their scavenging (Azevedo et al. 2006; Gill and 
Tuteja, 2010). Certain plants have salt exclusion 
mechanism that prevents the entry of salt to the plant 
cells, or the concentration of the salts can be lowered by 
sorting to the vacuoles (Khan et al. 2019). ROS can be 
hunted in two ways, one is enzymatic and the other is 
non-enzymatic pathway. The enzymatic defense system 
comprises SOD, CAT, guaiacol peroxidase (GPX) and 
APX (Azevedo et al. 2006, Munns and Tester, 2008). 
SODs remove O2 by catalyzation of its dismutation, one 
O2 is reduces H2O2 and the other is oxidized to O2 (Mittler 
et al. 2004; Singh et al. 2008). H2O2 produced in 
peroxisome is removed by CAT and involved in beta 
oxidation of fatty acids, photorespiration and purine 
catabolism (Polidoros and Scandalios, 1999). The 
reduction of GSH is catalyzed by GR, a molecule that 
contributes to many metabolic and anti-oxidative 
processes in plants. The NADPH dependent reaction of 
disulphide bond of GSSG is also catalyzed by GR and is 
thus essential for upholding the glutathione (GSH) pool 
(Reddy and Raghavendra, 2006; Chalapathi and Reddy, 
2008). The non-enzymatic system consists of lipophilic 
(tocopherols and carotenoids) and hydrophilic compounds 
(ascorbate and glutathione). Both these compounds 
decrease the level of ROS (Azevedo et al. 2006). 

Since long time, mankind is using maize as a staple 
food globally. It ranks 3rd amongst the most important 
cultivated crop plants in Pakistan (Tariq and Iqbal, 2010) 
and occupies over an area of 1052.1ha (Hassan et al. 
2011). Pakistan is ranked at 20th position worldwide in 
maize production while USA and China being at 1st and 
2nd positions respectively (UNFAO, 2018). Therefore, 
taking the economic importance of maize and antioxidant 
mechanism in mind, we carried out this study using two 
different maize varieties to sightsee the response of this 
plant to salinity stress. 
  
MATERIALS AND METHODS 

Seed collection and experimental setup 
The seeds of maize var. Azam were attained from 

Agricultural Research Centre, Sarai Naurang District Lakki 
Marwat KPK, Pakistan. The experimental work was done 
in the Green house of University of Science and 
Technology, Bannu. 

The seeds were germinated in pots having clay and 
sand (1:1 ratio). Seeds were germinated for two weeks 
and in the third week salt stress were given in three 
different concentrations, i.e. 50, 100 and 150 milli Molar 
(mM). Pots were watered uniformly till the germination. 

Control plants were watered regularly. The growth and 
germination conditions were same as described by Khan 
et al. (2016).    

Parameters studied 

Relative water content (RWC)  
RWC was determined as explained by Khan et al. 

(2016) by taking the fresh weight (FW) of roots of both of 
the varieties. The roots were then kept in water at 4oC for 
4hrs to note the turgid weight (TW). To analyze further the 
dry weight (DW), the roots rehydrated were kept for 2 
days at 80oC in oven. The following formula was used to 
determine RWC; 

RWC (%) = (FW-DW)/(TW –DW)*100 

Ions (Calcium, Sodium and Potassium) determination  
For ions determination, 25mg powdered root material 

was taken for digestion in 50ml tube using a mixture of 
H2SO4 and H2O2, 2:1(v/v). The sample was heated and 
20ml of distilled water (dH2O) was added with continuous 
shaking. The solution was then filtered with whatmann 
paper and was used for various ions determination by 
flame photometer (Rudge et al. 2009).  

Chlorophyll contents  
The plant fresh leaves were grinded in liquid nitrogen. 

25mg of the sample was taken. The sample was added 
with 5ml of methanol and magnesium oxide. The sample 
was placed for homogenization on a shaker for 2 h. then 
the material was centrifuged at 4000 rpm for 5 minutes as 
room temperature. The supernatant was taken in cuvette 
and the absorbance was measured at three different 
wavelengths (653 and 666 nm) on spectrophotometer 
against solvent blanks. Calculations of chlorophyll 
contents were made using the formula given below as 
stated by Lichtenthaler and Wellburn, (1983). 

Chlorophyll a = 15.65 A666-7.340 A653                        

Chlorophyll b = 27.05 A653- 11.21 A666 

ROS scavenging enzymes  
For ROS assay, 0.5g of roots were grinded in pestle 

and mortar followed by the addition of 50mm ice cold 
phosphate buffers (pH7.8). By mixing well, the extract was 
centrifuged two times at 4oC and 12000rpm for 15 
minutes. The extracted enzyme was then used for 
different antioxidant enzymes.   

H2O2 and MDA (Oxidative stress markers)  
Method of Velikova et al. (2000) was used for H2O2 

quantification. A mixture of extracted enzyme (1ml), 
1MKI.H2O2 (2ml) and 10mM KPO4 (1ml) buffer (pH7.0) 
was prepared. Absorbance was measured at 390nm.  

MDA level was estimated by the process of Daud et 
al. (2013). 2ml of reaction mixture containing 10% 
trichloroacetic and 0.5% thiobarbituric acid was added to 
1ml extracted enzyme. The mixture was kept in the tub 
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water at 95o C for 30 minutes and then directly put on ice 
for 15 minutes. Afterward, centrifugation of the samples 
was done at 4000rpm for 15 minutes followed by the 
measurement of absorbance at 532 and 600 nm.  

Ascorbate peroxidase activity (APX)  
A protocol of Nakano and Asada, (1981) was for APX 

activity. A reaction mixture of 3ml was prepared as 0.1 ml 
of 2 % H2O2, 0.1ml of 0.5mM ascorbic acid, and 2.7ml of 
50mM KPO4 (pH7.0) and enzyme extract (0.1 ml). Later 
on, the absorbance was noted down at 290 nm for 1 
minute. Annihilation coefficient (ε=2.8 mmol cm-1) were 
utilized for oxidizing the quantity of ascorbate.   

Catalase (CAT) activity  
CAT activity was determined using the methodology 

of Daud et al. (2013). The disappearance of H2O2 was 
measured at 240nm (E=0.036 mmol cm−1) by taking 25 µl 
of 10mM H2O2, KPO4 buffer of 25mM in 2.7ml and 100µl 
enzyme extract of reaction mixture. This activity was 
showed in terms of umol/mg min protein.  

Superoxide dismutase (SOD) activity  
Zhou et al. (1997) technique was used for determining 

the SOD activity by using spectrophotometer assay. 
Initially, beaker was filled by adding 3ml of reaction 
mixture, 2.725ml reaction substrate containing 15.5mg 
NBT, 0.02mg Riboflavin, 10mg NaEDTA, 485mg 
methionine in 250 ml, 25µl H2O2 and 25µl extract enzyme. 
The reaction mixture was kept at 4000lux in light intensity 
for 20minutes; in addition, both situations i.e. light and 
dark were used to control sampling. Distilled water (25 µl) 
was used to control sample alternative of extract enzyme. 
The absorbance was measured at 560nm.  

Peroxidise (POD) activity  
The activity of POD was calculated as described by 

Zhou et al. (1997). The reaction mixture containing 100µl 
of extract enzyme,  100µl  of  0.4% H2O2,  guaiacol 
(substrate) 100µl  of  1.5% and 2.7ml of 50mM KPO4 
buffer (pH  6.1) At  470nm increase in the absorbance 
were measured. The enzyme activity were determined 
and calculated in terms umol/mg min protein. 

Statistical analysis  
The experiment was conducted in randomized 

complete block design with three replicates per treatment. 
The data were recorded and analyzed by applying 
Analysis of Variance (ANOVA) and Least Significant 
Difference (LSD) Test (Steel and Torrie, 1984). 
 
RESULTS AND DISCUSSION 

Start of the 21st century is noticeable by increase in 
water scarcity, environmental pollution and the increasing 
amount of salinity in soil and water. Agriculture 
sustainability is threatened by two major problems, human 
population and the decline of cultivated land (Shahbaz 

and Ashraf, 2013).  
Salinity has become a gigantic problem for cultivated 

lands. The saline lands in hot and dry areas of the world 
have low agricultural potential. For this purpose, the 
present study was designed to investigate the response of 
antioxidant system to salinity stress in maize. 

Salt Stress Effect on Physiological Parameters 

Relative water content (RWC) 
Water status of the plant can be easily determined by 

its RWC. The plant metabolic activities are massively 
affected by the RWC of the plant and that can lead to 
tissue death (Lu et al. 2010; Ashraf, 2010). The amount of 
RWC has shown decreased in maize plants under salinity 
stress. The control plants, however, showed no reduction 
in RWC as shown in Figure (Fig.) 1. The RWC decreased 
with the increase concentrations of salt. There is almost 
about 30 to 50% decrease in RWC in both of the varieties. 
This reduction in RWC clearly pointed out the effect of 
salinity in these varieties. It has been shown that salinity 
effects are associated with many complex structural, 
physiological and biochemical processing that includes 
seed germination, plant growth and water and nutrient 
uptake (Akbarimoghaddam et al. 2011). Reduction in 
RWCs has been previously reported in different rice 
genotypes (Polash et al. 2018), different land races of 
wheat (Shtaya et al. 2020) and peanuts varieties 
(Meguekam et al. 2021). 

 
Figure 1: Relative water content determination in 

maize plants under salinity stress. 

IONS CONCENTRATION 

Na+ ions 
Our results as shown in Fig. 2 indicated that the 

uptake of Na+ ions taken up by the plants increased 
significantly with the increased concentrations of salt. An 
increase of 100% has been shown in the maize leaves 
when the plants were treated with 50mM of salt 
concentration. Similarly, an increase of 150% and 200% 
has been observed at 100 and 150mM salt 
concentrations, respectively. Likewise, significant results 
were shown by roots of maize. Roots showed an increase 
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of 65% at 50mM, 120% at 100mM and 130% (about 2-
fold) at 150mM over the roots of control plants (45%). 
Gomes et al. (2011) reported increased Na+ ratio in 
Spartina densiflora under salt stress. Wang et al. 2019 
reported disorders in ratios of K+/Na+ while working with 
two leaf types of Ricinus communis. Similar results were 
reported by Silva et al. 2021 showing increase in Na+ 
concentrations in soybean under salt stress. 

 

 
Figure 2: Response of maize to N+ ions concentration 

under salt stress. A (leaves) and B (roots) 

K+ ions 
K+ is an important and is the richest nutrient found in 

plants. It carries out very important enzymatic reactions, 
involved in ionic and pH homeostasis and maintain 
membrane potential (Maathuis, 2009; Ahmad and 
Maathuis, 2014). Salt stress is known for causing ionic 
imbalance (reductions in K+/Na+) which is basically 
associated with lower K concentration in the tissues 
(Hanin et al. 2016). In our study, leaves of maize showed 
a clear decline in K+ ions when the plants were applied 
with high salt stress. With increase slat concentrations, the 
amount of K+ ions was progressively decreased. The 
decrease in terms of percentage, as shown in Fig. 3, was 
65%, 70% and 75% at salt concentrations of 50, 100 and 
150mM, respectively. The control was at (82%) at zero 
salt concentration. Similar data was recorded for roots. In 
roots, the reduction was observed as 45% (50mM), 50% 
(100mM) and 55% (150mM). Yilmaz et al. (2014) found 
that salinity resulted in K+ ion reduction in different pepper 
varieties. Decrease in K+ ions in soybean has been 
reported recently by Silva et al. 2021 using different salt 

concentrations. 

 

 
Figure 3: Response of maize to K+ ions concentration 

under salt stress. A (leaves) and B (roots) 

Ca++ ions 
As shown in Fig. 4, significant data was obtained 

regarding Ca++ concentrations in leaves and roots of 
maize. Like other ions, Ca++ concentration also showed 
reduction with increased salt concentration. At high salt 
stress (100mM and 150mM), a considerable reduction of 
55% and 60% were found as compared to control which 
was (80%). Likewise, a decline in the amount of Ca++ 

concentrations has also been shown by the roots. The 
decreased noted was 52% (50mM) 55% (100mM) and 
60% at 150mM, respectively. A decrease in Ca++ ions 
were reported by Al-Khateeb et al. 2021 in date palm 
under salt stress. 
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Figure4: Response of maize to Ca++ ions 
concentration under salt stress. A (leaves) and B 
(roots) 

Chlorophyll contents 
The data shown in Fig. 5 presented a decline in 

photosynthetic pigments after the plants were applied with 
salinity stress. At 50mM concentrations the decrease was 
only 8% when compared to control. However, at 100Mm 
and 150mM, more significant reduction was noticed in 
both chlorophyll a and b contents which was about 3 fold 
decrease. Salinity along with drought has been found to 
decrease chlorophyll amount in the leaves of certain crops 
such as Carthamus tinctorius (Siddiqi et al. 2009), Vigna 
subterranean (Taffouo et al. 2010) and Phaseolus vulgaris 
(Taïbi et al. 2016). Salinity has been found to affect 
photosynthesis greatly as in cultivars of Oryza sativa with 
diverse salt tolerances, the ΦPSII and net CO2 absorption 
were negatively affected (Yang et al. 2020).  

 

 
Figure 5: Determination of chlorophyll contents in 

maize under salt stress. 

Malondialdehyde (MDA) 
Our experimental data showed an increase of MDA 

level both in leaves and roots in maize plants during salt 
stress. As evident from Fig. 6, the data showed an 
increase of .015% at 50mM while 0.25 and 0.3% of 
increase has been shown at 100 and 150mM 
concentrations of salt stress respectively. Our results 
confirmed the data with Farhoudi et al. 2015, who has 
listed an increase in MDA level in rapeseed cultivar. An 
increase in MDA level has also been reported by Shtereva 
(2015) in maize. 

 

 
Figure 6: Determination of chlorophyll contents in 

maize under salt stress. 

Hydrogen peroxide (H2O2) 
Plants accumulate H2O2 during stress. This activity 

was find out to know the degree of oxidative stress. The 
data suggested that activity of H2O2 was increased in both 
tissues of maize plants under salinity stress. An increase 
of about 2-fold has noted in the leaves and roots respond 
was almost the same as in the leaves. The data is 
represented in Fig. 7. This high increase of H2O2 denotes 
the formation of ROS under high salinity stress. Our 
results supports the finding of Shtereva et al. 2015 who 
reported increase level of H2O2 under salt stress in maize.  
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Figure 7: Determination of H2O2 in maize under salt 

stress. 

Catalase (CAT) 
Our present results (Fig. 8) indicated an increase for 

CAT activity with increasing salinity stress in leaves and 
roots of maize plant. At higher concentrations of salt 
(150mM) the increase is almost double as compared to 
control. Lower concentrations also showed an increase in 
CAT. A pronounced increase in CAT activity was found in 
roots of maize, almost 2-fold increase was observed. CAT 
is involved in converting H2O2 to H2O and ½ O2. Several 
enzymes are present in plants that degrade H2O2 (Del Rio 
et al. 2006). This increase suggested that maize has a 
very strong antioxidant mechanism to respond to ROS. 
Previous reports from Turkyilmaz et al. 2014 and Xia 
Zhang et al. 2014 have shown increase in CAT activity in 
barley leaves and Limonium sinense Kuntze when 
exposed to salt stress. 

 
 

 
Figure 8: Impact of salinity on CAT activity in maize 

Peroxidase (POD) 
Peroxidases are crucial enzymes that detoxify ROS. 

They are more active when the coordinate with SOD in 
dealing the rising levels ROS (Sobrino-Plata et al. 2009). 
Our research showed an increased level of POD both in 
roots and leaves of maize under salt stress. About 2-fold 
increase was found when the plant was elevated to high 
salt stress, i.e. 150mM. However, there was a 1.5 fold 
increase in POD in roots as can be seen in Fig. 9. Similar 
results have been listed by Demiral et al. 2005 in tomato 
plants when expose to high salinity stress. Increase level 
of POD in Limonium sinense Kuntze has been reported by 
Xia Zhang et al. 2014 when the plants were treated with 
high salt concentrations. 

 

 
Figure 9: Impact of salinity on POD activity in maize 

Ascorbate peroxidase (APX) 
Plants contain different ROS scavenging enzymes 

which are located at different sites, e.g. ascorbate 
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peroxidase (APX). These enzymes reduces H2O2 using 
AsA and /or GSH (Meyer et al. 2012; Noctor et al. 2014). 
Fig. 10 represented an increase in the activity of APX in 
roots and leaves under different salt concentrations. 
However, leaves didn’t show any pronounced increase in 
APX activity as compared to roots where 2-fold of an 
increase has been noted. Lee et al. in 2001 stated an 
increase in SOD, APX and GPX activities in leaves of rice 
plant under increase salt stress. Salinity has also been 
found to encourage excess amount of ROS accumulation 
(e.g., superoxide anions, OH-, and H2O2), causing damage 
to the membranes and macromolecules (Sharma et al. 
2019). 

 

 
Figure 10: Impact of salinity on APX activity in maize 

CONCLUSION 
Agri-crops show a variety of responses to salinity 

stress. Because of salt stress, not only the agricultural 
production of most crops is decreased but it also affects 
the physiochemical properties of soil as well as the 
ecological balance of that particular area. Salinization can 
be overcome by leaching out the salt at root zone and also 
by changes in farm management and most importantly by 
using salt tolerant plants.  
To increase the ability of salt tolerance in plants, better 
understanding of salt control mechanism on plant growth 
and salt tolerance mechanism at whole plant, organelle 
and molecular level is needed. 
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