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ABSTRACT: Antioxidant enzyme activities and foliar contents of ascorbic acid and ABA (abscisic acid) were 
determined in two Casuarina species, C. equisetifolia (CSIRO 18355); C. junghuhniana (CSIRO 19489) 
subjected to salinity stress (NaCl) of different concentrations (0, 50, 100, 150mM). Sampling was done after 35 
days of treatments in leaves (needles). The activities of antioxidant enzymes which include superoxide 
dismutase, catalase, ascorbate peroxidase, peroxidase and glutathione reductase were significantly high in 
the salinity stressed leaves. Quantitative differences were also noticed in foliar ascorbic acid and ABA contents 
in two Casuarina species with response to salinity. The leaves of C. junghuhniana accumulated more ascorbic 
acid and ABA under salinity stress compared to C. equisetifolia. The results indicate that C. junghuhniana 
exhibited higher activities of  antioxidative enzymes as well as more accumulation of ascorbic acid and ABA 
under salinity stressed conditions. Our data demonstrate that C. junghuhniana exhibits better salinity stress 
adaptive traits compared to C. equisetifolia.   
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INTRODUCTION   
Plants experience a multiple of stress of which salt stress is important one which affects tremendously the 
physiology of plants (Negrao et al., 2019). As other major crops in India, Casuarina is also subjected to 
environmental stresses, particularly salinity stress. The stresses most commonly associated with water 
deficits are drought, high salinity and low temperature (Bohnert et al. 1994; Magdy et al. 2004). When CO2 
fixation is limited because of stomata closure caused by water deficit, the rate of active oxygen formation 
increases in chloroplasts because an excess of excitation energy that is not dissipated by the protective 
mechanisms, is used to form reactive oxygen species (ROS) such as hydrogen peroxide (H2O2), superoxide 
(.O2-), hydroxyl radicals (.OH)  and singlet oxygen (1O2) (Asada and Takahashi 1987, Scandalios 1993). Plants 
possess defense antioxidant mechanisms, which can overcome this oxygen toxicity and delay the deleterious 
effects of free radicals  and these ROS attack lipids, proteins and nucleic acids, causing lipid peroxidation, 
protein denaturation and DNA mutation  (Bowler et al. 1992, Foyer et al. 1994, Cost et al. 2005, Gupta and 
Huang, 2014). Plants are endowed with a complex antioxidant system to cope with ROS (Asada 1992, 
Smirnoff 1995, Noctor and Foyer 1998, Prochazkova and Wilhelmoya 2007), which includes three general 
classes: 1. lipid-soluble, membrane-associated antioxidants (e.g. -tocopherol, -carotene); 2. small, water-
soluble antioxidant molecules (e.g. ascorbate, glutathione); and 3. enzymatic antioxidants. The enzymatic 
system in turn includes superoxide dismutase (SOD), which catalyze the reaction from superoxide (.O2

-) to 
H2O2

  and catalase (CAT), guaiacol-type peroxidases and enzymes of the ascorbate-glutathione cycle, e.g. 
ascorbate peroxidase (APX) and glutathione reductase (GR), which function to detoxify the H2O2 produced. 
ABA, the phytohormone plays prominent role in various physiological and biochemical processes related to 
environmental stresses (Gibson et al. 1991, Sauter and Harberg 2000, Khadri et al. 2007). ABA can be 
formed in many parts of the plant, mostly in leaves, roots and ripening fruits.  Although, agronomic traits of 
Casuarina are well characterized, physiological and biochemical characteristics under salinity stress 
conditions are elusive. The main objectives of the present study were to evaluate the antioxidative potential 
and accumulation of ABA in two species of Casuarina as influenced by salinity stress. The results provide 
information for selecting the Casuarina species with the best tolerance to salinity stress. 
 

MATERIALS AND METHODS    
Casuarina species such as: Casuarina equisetifolia Forst. CSIRO  18355 and Casuarina junghuhniana Miq. 
CSIRO 19489 were employed in the present study. The Casuarina  seeds were procured from IFGTB 
(Institute Of Forest Genetics and Tree Breeding)  Coimbatore, Tamil Nadu, India. Seeds were surface 
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sterilized with 5% sodium hypochlorite, thoroughly washed with distilled water and germinated in trays 
containing a red coarse sand, watered daily with a half-strength Hoagland  nutrient solution (Hoagland and 
Arnon 1950). Separate trays were used for each Casuarina species. Once a week trays were rinsed with tap 
water to avoid salt accumulation. After three months, small seedlings in the trays were transferred to pots. 
The pot soil  had  pH of 7.5 and seedlings were allowed to grow in the pots for three months in the open air. 
Six month old seedlings were used for all the experiments. The average photoperiod during the growth 
period was approximately  12 hours. The average temperature were 28-320C during day  and 22-250C 
during night. 
The seedlings were divided into four groups. One group of seedlings was maintained under non-salinized 
conditions which served as control plants. The watering solution for control plants consists of tap water and 
one-fourth strength of Hoagland nutrients. Other three group were salinized by irrigation daily to soil 
capacity (500 ml d-1) with the nutrient medium containing 50 mM, 100 mM and 150 mM NaCl. All the plants 
used in this study were of comparable size. Young and fully matured needles were taken at 35 days after 
salinity treatments for all the experiments described below.   
Enzymes are extracted from leaf tissues using an ice-cold mortar and pestle, 60 mg 
polyvinylpolypyrrolidone and 1ml of following optimized extraction media: SOD (100mM K-phosphate 
buffer, pH 7.8, 0.1mM EDTA, and 0.1% Triton X-100); CAT, GR (100mM K-phosphate buffer, pH  7.0 and 
0.1mM EDTA); APX (50mM K-phosphate buffer, pH 7.0 and 1mM ascorbate) and Peroxidase (POD) (50mM 
K-phosphate buffer, pH 7.0). The resulting slurry was centrifuged at 15000Xg for 15min at 4 oC. The 
supernatants were collected and used for the assays of protein content by the method of Bradford  (1976) 
and  enzyme activities. The activity of SOD (EC 1.15.1.1) was assayed by measuring its ability to inhibit the 
photochemical reduction of nitro-blue tetrazolium (NBT) adopting the method of Beauchamp and Fridovich 
(1991).  The 3ml reaction mixture contained: 50mM k-phosphate buffer (pH 7.8), 10mM methionine, 
1.17mM rifoflavin and 56mM NBT and suitable enzyme extract. Rifoflavin was added in last and switching 
on the light started the reaction. The reaction was allowed to take place for 30 min. and stopped by 
switching off the light. The absorbance of solution was measured at 560 nm and from which the absorbance 
of the unirradiated reaction mixture that served as respective blank was deducted. A560 was plotted as a 
function of fresh matter equivalent of enzyme extract used in the reaction mixture. From the resultant graph 
fresh matter equivalents of enzyme extract corresponding to 50% inhibition of the reaction was read and 
considered as one enzyme unit. 
The activity of CAT (EC 1.11.1.6) was estimated by measuring the rate of decomposition of H2O2 by the 
method of Havir and McHale (1987). Each 3 ml reaction medium contained 50mM K-phosphate buffer, pH 

7.0, 12.5mM H2O2 and 20 l enzyme extract. The decrease in H2O2 followed the decline in optical density at 
240nm and activity was calculated with the extinction coefficient (40mM-1cm-1at 240nm) for H2O2. Enzyme 
activity is expressed as mmol H2O2 reduced (decomposed) mg-1protein min-1. GR (EC 1.6.4.2) activity was 
measured by oxidized GSH – dependent oxidation of NADPH using the method of Foyer and Halliwell 
(1976). The reaction mixture contained 25mM Tris-MgCl2 (pH 7.6), 5mM NADPH, 50mM GSSG and 1ml 
enzymes extract. The change in absorption at 340nm (E=6.2 mM-1cm-1) was recorded over 2.5 min. Enzyme 

activity is expressed as mol NADPH oxidized mg-1protein min-1. 
APX (EC 1.11.1.11) activity was estimated by monitoring the decline in absorbance at 240nm following 
Nakano and Asada (1981). Each 3ml reaction medium contained 50mM K-phosphate buffer, pH 7.0, 0.1mM 

H2O2 and 20 l enzyme extract. The amount of ascorbate oxidized was calculated using extinction coefficient 
of 2.8 mM-1cm-1 and the activity has been expressed as mmol ascorbate oxidized mg-1protein min-1.   POD 
(EC 1.11.1.7) activities were determined with quaiacol at 470nm (extinction coefficient 25.2mM cm -1) 
following the method of Polle et al.. (1994). The reaction mixture contained 100mM K-phosphate buffer (pH 
6.5), 16mM guaiacol, 10% H2O2 and enzyme extract in a 3ml volume. Enzyme activity is expressed as mol 
substrate (quaiacol) oxidized mg-1 -protein min-1. Ascorbic acid content was estimated by the method of  
Barakat et al. (1973). Fresh leaf was homogenized with 5ml of 0.4% oxalic acid and was centrifuged at 6000 
rpm for 10 min. The supernatant was saved and the pellet reextracted twice with the same volume of the 
solvent. The supernatants were pooled and used for estimation of total content of ascorbic acid. The pink 
colour was titrated with 0.025% 2, 6-Dichlorophenol indophenol (DCPIP). The faint pinkish colour 
developed during titration was taken as the end point. The titre value was noted and the concentration of 
total ascorbic acid was determined using the formula given by Barakat et al. (1973) and  expressed as 
mg/gfw. 
Extraction and quantification of ABA was done following Daie and Wyse (1982).  One gram of the leaf tissue 
was homogenized with 15ml of extraction medium containing 80% methanol, 100mg/1 butylated hydroxy 
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toluene (BHT) and 0.5g/l citric acid monohydrate. These suspension was centrifuged at 1000xg for 20min at 
40C. The supernatant was passed through Sep-Pak-C-18 cartridge and the pooled washings were evaporated 
under vacuum. The residue was partitioned three times against equal volume of ethyl acetate (pH 3.0). 
Resulting organic phase was evaporated and the residue was re-dissolved in 2ml of TBS buffer (pH 7.5). The 
aliquots were conjugated with bovine serum albumin (BSA) and the conjugate was administered 
subcutaneously to albino rabbits (1kg body weight). The antibodies were extracted from rabbit’s blood and 
were used for the estimation of ABA. 
ELISA was performed on a 96 well micro titration plate following Daie and Wyse (1982). Each well on the 

plate was coated with 100 l coating buffer (1.5gl-1 Na2CO3, 2.93gl-1 NaHCO3  and 0.02gl-1 NaN3, pH 9.6) 

containing 0.25 gml-1 antigen of the hormone. The coated plates were incubated for overnight at 40C and 
then kept at room temperature for 32-40min. After washing four times with PBS-tween 20 (0.1%, v/v) 
buffer (pH 7.4), each well was filled with 50 l of 20 gml-1 antibody raised against ABA antigens, 
respectively. The plate was incubated for three hours at 280C and then washed as given before. One hundred 
microliters of 1.25 gml-1 IgG horse radish peroxidase substrate was added to each well and incubated for 1h 

at 300C. The plate was rinsed five times with above PBS-tween 20 buffer and 100 l of solution containing 
1.5mgml-1 O-phenylenediamine and 0.008% (v/v) H2O2 was added to each well. The reaction was stopped 

by adding 50 l of 6N H2SO4. The colour development in each well was detected using ELISA reader 
(Multiscope, Labsystems, Finland) at optical density A490. 

Five independent determinants from individual plants were used for statistical analysis. Student’s t-test and 
analysis of variance (ANOVA) were used for analyzing significant differences between the control and 
treated plants (p 0.05).  
 

RESULTS AND DISCUSSION  
When plants are subjected to salinity stress the balance between, the production of ROS and the quenching 
activity  of anti-oxidants is upset often resulting in oxidative damage. It has been reported that H2O2 and O2 
may play an important role in the mechanisms of salinity injury (Scandalios 1993; Cost et al. 2005). The 
activity of  H2O2 quenching enzymes like catalase, peroxidase and other reactive oxygen scavenging enzymes 
like superoxide dismutase, ascorbate peroxidase and glutathione reductase have been altered under salinity 
stress. Figs. 1-3 (SOD, CAT, GR) and Tables 1-2 (APX, POD)  shows antioxidant enzyme activities   in leaf 
extracts of  two Casuarina species under control and salinity stressed  (50, 100, 150mM) conditions. The 
activities of all the enzymes were high in the two salinity stressed Casuarina. However, C. junghuhniana  
recorded  significantly high activities of all the antioxidant enzymes under salinity stress. For instance, C. 
junghuhniana showed significantly increased activity of SOD (200.11 units/mgpro/min), CAT (41.46 
mmol/mgpro/min), GR (99.34 mol/mgpro/min), APX (61.09 mmol/mgprp/min), POD (49.98 

mol/mgpro/min) at 150mM salinity treatments when compared to control plants (134.63 

Units/mgpro/min, 13.83 mmol/mgpro/min, 45.52 mol/mgpro/min, 20.63 mmol/mgpro/min, 12.01 

mol/mgpro/min, respectively).   Although salinity stress caused increase the enzyme activities in the leaf 
extracts of C. equisetifolia, the differences were not significant. Catalases and peroxidases (APX and POD) 
play an essential role in scavenging from the H2O2 toxicity. The combined action of CAT and SOD converts 
the toxic  superoxide radical (O2*-) and hydrogen peroxide (H2O2) to water and molecular oxygen (O2), thus 
averting the cellular damage under unfavorable conditions like salinity stress (Sairam and Tyagi 2004, 
Wang et al. 2004, Koca et al. 2006). The activity of GR which was relatively high in salinity stressed plants 
might be able to increase the ratio of NADP+/NADPH, thereby ensuing availability of NADP+ to accept 
electrons from photosynthetic electron transport chain and to facilitate the regeneration of oxidized 
ascorbate (Noctor et al. 2002, Masood et al. 2006). Significantly, high activities of antioxidant enzymes in C. 
junghuhniana clearly demonstrate more efficient antioxidant system functioning at significantly high rates, 
compared to C. equisetifolia.  
The level of ascorbic acid was investigated in the leaves of two casuarina species (Fig. 4). In  C. 
junghuhniana, ascorbic acid content was significantly increased by 0.99 mg/gfw at 150mM salinity 
treatments compared to control plants (0.28 mg/gfw). On the other hand, at 150mM salinity salinity 
treatments in C. equisetifolia, the enhancement of ascorbic content was 0.47 mg/gfw when compared to 
control plants (0.21 mg/gfw).  Oxygen free radicals may be scavenged by AA (reduced ascorbic acid) or may 
lead to the production of H2O2 which can be detoxified by ascorbic acid in the presence of ascorbate 
peroxidase (Castillo and Greppin  1986, Alhakimi and Hamada 2001). An additional involvement of ascorbic 
acid as an antioxidant was proposed for the reduction of oxidized tocopherol (Wefer and Sies 1988, Smirnoff 
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and Wheeler 2000, Wang and Kao 2007). Tocopherol is associated with membrane lipids against 
peroxidation (Suarna and Southwell-Keely 1991). In the resent study, although the two Casuarina species 
showed more content of ascorbic acid with increasing salinity stress, C. junghuhniana possessed 
comparatively high amounts of ascorbic acid, providing an evidence for efficient role of this metabolite as 
antioxidant under salinity stress.     
Among the plant hormones, ABA is known as the stress hormone considering its role in plant adaptation to 
environmental stress, particularly salinity (LaRosa et al. 1985). In the present study, significant differences 
in ABA content were found among the species. There was approximately two-three fold increase in ABA 
content in salinity-stressed leaves compared to control plants. However, C. junghuhniana possessed nearly 
two fold higher amount of ABA compared to C. equisetifolia under salinity stressed conditions (Fig. 5). ABA 
accumulation in higher plants was reported to be related to oxidative stress tolerance in plants (Bellaire et 
al. 2000). Further, ABA is also known to  induce the expression of antioxidant enzyme genes in plant tissue 
(Guan et al. 2000).  
 

CONCLUSION 
Our data in this study clearly showed the differential antioxidative responses among  two Casuarina species, 
in which C. junghuhniana (CSIRO 19489) was superior with respect to the antioxidative defence metabolism 
and ABA accumulation compared to C. equisetifolia (CSIRO 18355) under unfavorable environmental stress 
like salinity.  
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Fig. 1. Effect of salinity stress on superoxide dismutase activity in the leaves of two Casuarina species. Each 

value is the mean S.E. of five independent determinations (P 0.05).  
 

 
Fig. 2. Salinity stress-induced changes on the activity of catalase in two Casuarina species. Each value is the 

mean S.E. of five independent determinations (P 0.05).  
 

 
Fig.. 3. Effect of salinity stress on glutathione reductase activity in the leaves of two Casuarina species. Each 

value is the mean S.E. of five independent determinations (P 0.05). 
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Table 1. Influence of salinity stress on  ascorbate peroxidase (mmol/mgprotein/min) activity in two 
Casuarina species 

 
The data are expressed as mean s.e. for six independent determinations (P 0.05). 
 

Table 2. Peroxidase activity  ( mol/mgprotein/min)  in two  Casuarina species subjected to salinity stress. 

 
The data are expressed as mean s.e. for six independent determinations (P 0.05). 
 

 
Fig.. 4. Salinity stress effects on ascorbic acid content in the leaves of two Casuarina species. Each value is 

the mean S.E. of five independent determinations (P 0.05). 

 
Fig. 4. Effect of salinity stress on abscisic acid content in the leaves of two Casuarina species. Each value is 

the mean S.E. of five independent determinations (P 0.05).  


