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Abstract:  Enzymatic activity and soluble protein content in relation to salt stress tolerance were investigated in 

Calendula officinalis seedlings after 24 days of treatment with different salt treatments, including 

NaCl, CaCl2, MgCl2 and mixtures of them. The marigold seedlings were used in order to investigate 
the possible salt-inducible responses and the possible alleviative role of calcium and magnesium salts 

in respect with adverse salinity conditions. Activity of superoxide dismutase (SOD; EC 1.15.1.1) and 

peroxidase (POD; EC 1.11.1.7) generally slightly decreased under salt treatments, with minor 
variations from the value recorded for control series and within applied treatments. Catalase (CAT; EC 

1.11.1.6) activity was stimulated by NaCl salinity and MgCl2 addition; its activity was found to be 

lowest under calcium and magnesium chloride treatments solely. 
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Introduction 

 

Marigold (Calendula officinalis L.) is the common name for Calendula genus of 

Asteraceae family. Calendula is stated to possess antispasmodic, mild diaphoretic, anti-

inflammatory styptic, antihemorrhagic, emmenagogue, vulnerary, and antiseptic properties 

[DUKE & al. 2002; BARNES & al. 2007; EBADI, 2007; YBERT & DE LAAGE, 2007]. 

Traditionally, it has been used to treat gastric and duodenal ulcers, amenorrhea, 

dysmenorrhea and epistaxis; crural ulcers, varicose veins, hemorrhoids, anal eczema, 

proctitis, lymphadenoma, inflamed cutaneous lesions (topically) and conjunctivitis (as an eye 

lotion) [EBADI, 2007; KHALID & al. 2012]. Phytochemical studies have reported four main 

groups of constituents, for Calendula, namely flavonoids, polysaccharides, volatile oil and 

triterpenes [AZZAZ & al. 2007; BARNES & al. 2007].  

Animal studies have reported wound-healing and anti-inflammatory effects, 

supporting the traditional uses of calendula in various dermatological conditions. The anti-

inflammatory effect is due to the triterpenoid constituents, although flavonoids may 

contribute to the activity. The reputed antispasmodic effect may be attributable to the volatile 

oil fraction. In addition, immunostimulant activity has been reported for high molecular 

weight polysaccharide components. Clinical research assessing the effects of calendula 
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preparations is limited, and rigorous randomized controlled clinical trials are required 

[BARNES & al. 2007]. 

Salinity is one of the most severe environmental factors limiting the productivity of 

agricultural crops. Most crops are sensitive to salinity caused by high concentrations of salts 

in the soil [PITMAN & LAUCHLI, 2004]. The cost of salinity to agriculture is estimated 

conservatively to be about $US 12 billion a year, and is expected to increase as soils are 

further affected [GHASSEMI & al. 1995]. An alarming scenario has been described in this 

context, including a future dominated by salinity and aridity in agriculture, fresh water scarce 

and consequently food crisis [GRIGORE & al. 2014]. Hence, the necessity to elucidate the 

salt-mechanism tolerance in plants with medicinal properties is a condition of great interest.   

There are several studies focused to salt stress in C. officinalis; they refer to 

influence on germination [GHARINEH & al. 2013; SEDGHI & al. 2010; TORBAGHAN, 

2012], or impact of exogenous salicylic acid on growth parameters in marigold under salt 

stress [BAYAT & al. 2012]. Few studies refer on antioxidant activity under salt stress 

conditions [CHAPARZADEZ & al. 2004].  

Therefore, the aim of this study is to investigate several biochemical responses of the 

medicinal plant C. officinalis subjected to different salt treatments; in addition, calcium and 

magnesium salts are discussed in relation to the possible role in alleviating NaCl effects. 

 

Materials and methods 
 

Plant material, treatment and growth conditions 

In order to investigate the effect of salt solutions on several biochemical parameters 

in C. officinalis L. seedlings, an experiment was conducted in controlled laboratory 

conditions based on a completely randomized design. Marigold (C. officinalis) seeds were 

obtained from Agricultural Research and Development Station, Secuieni Neamt, Romania. 

Intact seeds, which were homogeneous and identical in size and colour, and free from 

wrinkles, were chosen. These seed were then sterilized with sodium hypochlorite 10% for 30 

seconds and were washed with sterile distilled water. After that, 30 marigold seeds were sown 

and germinated in plastic pots. After 7 days (corresponding to a uniform seedlings 

emergence) salt treatments started and were carried out by adding 100 mL of salt solutions 

(or distilled water for the control treatments) to pots once per week. The follow treatments 

were applied: 50mM NaCl, 50mM NaCl + 10mM CaCl2, 50mM NaCl + 20mM MgCl2, 

100mM NaCl, 100mM NaCl + 10mM CaCl2, 100mM NaCl + 20 MgCl2, 150mM NaCl, 

150mM NaCl + 10mM CaCl2, 150mM NaCl + 20mM MgCl2, 10mM CaCl2, 20mM MgCl2. 

The NaCl concentrations were chosen as optimal after performing previous trial at different 

concentrations. Concentrations of calcium and magnesium chloride were preferred according 

to previous research experiments [GRIGORE & al. 2012]. The biochemical analyses were 

conducted at 24-days old seedlings; five different individuals from each treatment were 

selected to measure all the analyzed parameters.  

 

Preparation of extracts and assay enzyme 

Marigold seedling sample (0.3g) were homogenized with phosphate buffer 

(pH=7.5). After that the homogenates were centrifuged the supernatants were used for 

enzyme assays.  
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Superoxide dismutase (SOD) activity was estimated by recording the decrease in 

absorbance of superoxide-nitroblue tetrazolium complex by the enzyme [WINTERBOURN 

& al. 1975]. About 3 mL of reaction mixture, containing 0.1 mL of 1.5 mM nitroblue 

tetrazolium (NBT), 0.2 mL of 0.1 M EDTA, 2.55 mL of 0.067 M potassium phosphate buffer, 

and 0.01 mL of enzyme extraction, were taken in test tubes in duplicate from each enzyme 

sample. One tube without enzyme extract was taken as control. The reaction was started by 

adding 0.05 mL of 0.12 mM riboflavin and placing the tubes below a light source of 215 W 

florescent lamps for 5 min. The reaction was stopped by switching off the light and covering 

the tubes with black cloth. Tubes without enzyme developed maximal colour. A non-

irradiated complete reaction mixture, which did not develop colour, served as blank. 

Absorbance was recorded at 560 nm and 1 unit of enzyme activity was taken as the quantity 

of enzyme that reduced the absorbance reading of samples to 50% in comparison with tubes 

lacking enzymes.  

 Peroxidase (POD) activity was determined spectrophotometrically by measuring the 

oxidation of o-dianisidine at 540 nm [MOLLER & OTTOLENGHI, 1966] with slight 

modification. The reaction was started by adding 0.1 H2O2 0.05% on mixture reaction 

containing 0.2 mL of enzyme extraction, 0.8 mL distillated water and 1.5 mL 1% o-

dianisidine. After 5 min. the reaction was stopped with 2.5 mL H2SO4 50%. One unit of POD 

activity was expressed as the amount of enzyme that produced a change of 1.0 absorbance 

per min. 

Catalase (CAT) activity was measured according to the method described by Sinha, 

1972. Briefly, the assay mixture consisted of 0.4 mL phosphate buffer (0.01 M, pH 7.0), 0.5 

mL hydrogen peroxide (0.16 M) and 0.1 mL enzymatic extract in a final volume of 3.0 mL. 

About 2 mL dichromate acetic acid reagent was added in 1 mL of reaction mixture, boiled 

for 10 min, cooled. Changes in absorbance were records at 570 nm. CAT activity was 

expressed as the amount of enzyme needed to reduce 1 µmol of H2O2 per min. The activity 

of these enzymes (SOD, POD and CAT) was expressed as unit per mg proteins (U/mg 

protein). 

The determination of soluble protein content was determined according to 

BRADFORD method (1976) with bovine serum albumin as standard. Thus, this assay is 

refers to the binding of Coomassie Brilliant Blue G-250 at aromatic amino acid radicals and 

measuring the colour at 595nm. 

Statistical analysis. The statistical analysis was performed using Student t-test. 

Values with p<0.005 were considered as statistically significant. 

 

Results and discussion 
 

Enzymatic activity 

 There is no uniform response of Calendula seedlings with respect to salinity 

stress, regarding the investigated enzymatic activity: SOD, CAT, and POD (Fig. 1, Fig. 2 

and Fig. 3).  

Superoxide dismutase activity was registered to be visibly higher only in plants 

subjected to elevated concentration of 150 mM NaCl (14.27%), comparatively with un-

stressed plants and other salt treatments. However, the other values remain only slightly 

lower than in control samples. In all cases, the addition of calcium and magnesium chloride 

to NaCl corresponds to lower values than those recorded for NaCl treatments solely. SOD 
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activity showed a significant decrease (p<0.05) in case of singular treatment with CaCl2 and, 

respectively, MgCl2. 

 

 
Fig. 1. Effect of NaCl, CaCl2, MgCl2 and their combination on SOD activity of  

C. officinalis (Values are means ± SE of 5 replicates); ∗significant at p< 0.05 

 

 SOD is an important antioxidant enzyme and is the first line of defence against 

oxidative stress in plants [ALSCHER & al. 2002; JITESH & al. 2006]. The production of 

toxic superoxide free radicals appears to be a universal problem in aerobic cells exposed to 

different type of stress. The elimination of superoxide by superoxide dismutase (SOD) 

produces H2O2 which in turn is removed by various peroxidase or catalase. 

Usually, salt stress in cultivars differing in salt tolerance evidenced an increased 

SOD activity in salt-tolerant genotypes of pea, cotton, tomato and wheat; therefore, induction 

of SOD activity was suggested as a reason for improved tolerance to salinity in these species 

[HERNANDEZ & al. 1993, 1995, 1999; GOSSETT & al. 1994; MITTOVA & al. 2003; 

SAIRAM & al. 2005] and in general [SHARMA & al. 2011]. However, there are exceptions 

from this general statement; SOD activity may decrease in several species under salt 

conditions or it may vary in the same species in different investigated organs. For instance, 

in tobacco leaves, SOD activity increased, while in the roots of the same plant, SOD activity 

decreased [MYTINOVA & al. 2010]. In Plantago major exposed to NaCl stress, the roots 

were characterized, unlike leaves, by high constitutive activity of SOD [RADYUKINA & al. 

2009]. In forage sorghum seedlings, salinity of 50 and 100 mM NaCl induced significant 

increase in SOD activity, in tolerant genotypes compared to sensitive group [HEFNY & 

ABDEL-KADER, 2009]. Other data report that under salinity conditions (50 and 100 mM 

NaCl), CAT (and POD) activity decreased in Calendula officinalis [CHAPARZADEH & al. 

2004]. 

 CAT activity has been found to be higher in NaCl stressed plants (50 and 100 mM 

NaCl), while under 150 mM NaCl, the activity was almost imperceptibly lower than the 

control (Fig. 2). Interestingly, the smallest value of CAT in plants under 150 mM NaCl 

salinity treatments (-1,6%) is inversely correlated to SOD activity under the same conditions 

(14.27%). The sodium chloride mixed to CaCl2 and MgCl2 induces different responses. The 

addition of magnesium chloride to all NaCl treatments implies higher values of CAT activity 
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than the control plants; addition of calcium chloride show lower and higher values 

comparatively with the control. However, only under elevated 150 mM NaCl salinity, the 

added calcium and magnesium chloride seem to increase the CAT activity compared to NaCl 

treatment alone. By application of the singular treatment with CaCl2 the activity of CAT 

showed a significant decrease (p < 0.01).  

 

 
Fig. 2. Effect of NaCl, CaCl2, MgCl2 and their combination on CAT activity of  

C. officinalis (Values are means ± SE of 5 replicates); ∗∗significant at p < 0.01 

  

 Catalases are haem-containing tetrameric enzymes involved in the removal of H2O2 

and during salt stress and other abiotic stress conditions [WILLEKENS & al. 1997]. Abiotic 

stresses cause either enhancement or depletion of CAT activity [EL-SHINTINAWY & al. 

2004; SHARMA & DUBEY, 2005; NOREEN & ASHRAF, 2009]. For instance, in 

strawberry (Fragaria x ananassa Duch., cv. Selva) leaves under NaCl stress, there was an 

inhibition in CAT activity [TANOU & al. 2009]. In Plantago major roots subjected to NaCl 

stress a lower CAT activity has been reported [RADYUKINA & al. 2009]. In nine genetically 

diverse pea (Pisum sativum) cultivars exposed to salt stress, a decreased CAT activity has 

been found, while SOD activity was enhanced by salinity conditions [NOREEN & ASHRAF, 

2009]. In tobacco leaves, CAT activity declined under salinity stress [MYTINOVA & al. 

2010]. 

 POD activity in NaCl stressed plants show fairly lower values when compared with 

control plants (Fig. 3). The mixed salts (NaCl with calcium and magnesium chloride) induced 

different values, as compared with control or series stressed with NaCl solely. For instance, 

MgCl2 added to 50 and 150 mM NaCl imply slightly higher values than those recorded in 

plants subjected only to corresponding NaCl treatments. 
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Fig. 3. Effect of NaCl, CaCl2, MgCl2 and their combination on POD activity of C. officinalis  

(Values are means ± SE of 5 replicates) 

 

 Plants contain abundant amounts of peroxidases that are involved in H2O2 

scavenging; they are associated with the cell wall where they generate phenoxy compounds 

from cinnamic acids [JITESH & al. 2006]. Activity of POD has been markedly enhanced by 

salt stress in several genetically diverse pea cultivars [NOREEN & ASHRAF, 2009]. 

 

Soluble protein content 

 Under salinity conditions, the registered values are generally higher than in control 

(Fig. 4). The NaCl treatment induces values very closed to those registered for control; 

however, the mixture of NaCl with calcium and magnesium chloride increased the soluble 

protein content as compared with control series. Plants treated only with CaCl2 and MgCl2 

have the highest values of soluble protein content. As regards the protein amount in stress 

condition, the data reported from literature is abundant numerous and greatly variable. 

Therefore, some authors [AGASTIAN & al. 2000] published that soluble protein content 

increases at low salinity and decreases at high salinity in Morus sp. Depending on NaCl 

concentrations, in some wheat varieties (Faur, Iasi, Fundulea) the protein content was 

reduced in 4 days old seedlings, but it tends to increase after 168 and 240h of salt treatment, 

as compared to control [OPRICĂ, 2011]. On the other hand soluble protein amounts of leaves 

significantly decreased in response to salinity at some species like Paulownia imperialis and 

P. fortunei [AYALA-ASTORGA & ALCAREZ-MELENDEZ, 2010; PARVAIZ & 

SATYAVATI, 2008; PARIDA & DAS, 2005]. However, in other study [FAYEZ & 

BAZAID, 2014], the soluble protein of barley leaves was slightly changed in response to salt 

and water deficit stresses as well as with the combined treatments (salicylic acid and KNO3). 
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Fig. 4. Effect of NaCl, CaCl2, MgCl2 and their combination on soluble protein content of  

C. officinalis (Values are means ± SE of 5 replicates); ∗∗significant at p < 0.01 

 

Conclusions 
 

There is no uniform response of Calendula seedlings with respect to salinity stress, 

regarding the investigated enzymatic activity: SOD, CAT, and POD. SOD activity, usually 

considered as a first line of defense against oxidative stress, shows no important increase as 

a response of salt stress. The soluble protein content registered values generally higher than 

in control plants, with highest values recorded in the case of plant series subjected to calcium 

and magnesium chloride. 
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