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Abstract  
Soil salinity is a major environmental constraint to plant growth and productivity. It was investigated 

the effects of different sodium chloride concentrations on Calendula officinalis seedling growth, pigments, 
proline and protein contents as well as antioxidant responses. Physiological and biochemical parameters 
were assessed in the seedling after 9 and 36 days of salt treatment with 50 and 100 mM NaCl. Salinity 
affected most of the considered parameters. Results showed that the growth and pigment (chl a, chl b, and 
Car) contents was not negatively affected by the concentration salt. After 9 days of salinity at marigold 
seedling it was observed a significant increase of superoxide dismutase (SOD), catalase (CAT) and 
peroxidase (POD) activities at 50 mM NaCl as compared to control plant but these were generally 
decreased at 100 mM NaCl. Moreover, after a prolonged stress (36 days) a decrease of these enyzmes 
activity was observed with increase of salinity. The saline stress increased proline content of marigold 
seedling with the increase of NaCl concentration at 36-days old. 
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Abbreviations: SOD – superoxide dismutase, CAT – catalase, Chl a - chlorophyll a, Chl b - chlorophyll b, 
ROS - reactive oxygen species, POD – Peroxidase, SD - standard deviation 

 
 
1. Introduction 
Increasing of world population marks a serious need to create new crop cultivars and 

medicinal plants with high growth and production at any environmental situations (GRIGORE 
& al. [1]). Medicinal plants have been used for traditional prevention and treatment of diseases 
and using herbal medicines have a long history (KOMATSU [2]). Plant plays a vital role in 
medicine as well as in alternative medicine because they develop the ability for the formation of 
secondary metabolites which are in turn used to restore health and heal many diseases. 
Productivity and plant growth are greatly affected by environmental stresses and among 
unfavourable conditions salinity is the most widespread in the world (GRIGORE & al., [3]). 
Salinity is one of the most brutal environmental stress factors causing drastic changes at 
physiological or molecular levels of plants; in fact no toxic substance restricts the plant growth 
more than salt on world scale (MUNNS and TESTER [4], GRIGORE & al., [5]). A 
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considerable amount of land in the world is affected by salinity which is increasing day by day. 
Salt stress negatively presents an increase threat to plant agriculture. The impact of saline stress 
has been studied upon some selected medicinal plants which have a lot of significance in the 
system of medicine (MUHAMMAD and HUSSAIN [6], GHASSEMI-GOLEZANI & al., [7]). 
It is well know that salinity reduces plant growth and there are differences to saline stress 
among species and cultivars (ROMERO-ARANDA & al., [8]). Calendula officinalis L. mostly 
known as ”pot marigold” belongs to the Asteraceae (Compositae) family. It is an annual with 
bright or yellow orange daisy-like flowers which is used for medicinal or culinary purposes, 
especially in phytotherapy as well as for ornamental purposes (KHALID and TEIXEIRA DA 
SILVA [9]). Calendula officinalis has long been used because of its rich ethnomedicinal 
importance. It has considerable interest for potential health benefits, including protective effects 
against development of cancer, inhibition of existing tumor cells, anti-inflammatory activity, 
antioxidant activity, cardiovascular protective effects, hepatoprotective, immunomodulatory, 
cicatrizing and antiviral effects (KHAN & al., [10]). Moreover, a number of classes of chemical 
compounds have been found, the main ones being volatile oils, carotenoids, flavonoids, 
terpenoids, coumarins, quinines, aminoacids, carbohydrates, lipids and other constituents 
(KHAN & al., [10]). Phenolic compounds (flavonoids and phenolic acids) and saponins are 
both abundant in marigold (BUTNARIU and CORADINI, [11]). The objective of the present 
study was to investigate changes of photosynthetic pigment (Chl a, Chl b, and Car) content, 
antioxidant enzymes activity, proline and soluble protein amounts in young marigold plants 
under under 0, 50mM and 100 mM NaCl as response to salinity stress. 

 
2. Material and Methods 
Plant material and growth conditions 
Study of C. officinalis L. tolerance to salinity stress was conducted in laboratory 

conditions, based on completely randomized design with three replications. Calendula 
officinalis seeds were obtained from Agricultural Research and Development Station, 
Secuieni Neamt.  

Intact seeds, which were homogeneous and identical in size and colour, and free from 
wrinkles, were chosen. These seeds were sterilized with sodium hypochlorite 10% for 30 
seconds and then were washed with sterile distilled water. After that, 30 marigold seeds were 
grown in pots salinized with sodium chloride solution (50 mM, 100 mM) and distilled water 
(control). Solution of sodium chloride and distilled water were applied as drench (10 ml per pot) 
after every 3 days. All analyses were performed at 9 days old and 36 days old when seedlings 
were uprooted randomly.  

 
Enzymes activity assay 
Preparation of enzyme extracts 
Calendula seedling sample (0.3g) were homogenized with 0.1 M phosphate buffer 

(pH=7.5). After that the homogenates were centrifuged at 15,000 × g for 15 min at 4°C, and 
the supernatants were used for enzyme assays. 

Superoxide dismutase (SOD) activity was estimated by recording the decrease in 
absorbance of superoxide-nitroblue tetrazolium complex by the enzyme (ATENIE & al., 
[12]). 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 
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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 color. A non-irradiated complete 
reaction mixture, which did not develop color, 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 (3, 30-dimethoxybenzidine) at 540 nm (MOLLER and 
OTTOLENGHI [13]) with slight modification. The reaction was started by adding 0.1 H2O2 
0.05% on mixture rection 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, 
[14]. 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 recordes 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). 

 
Photosynthetic pigment content assay 
Chlorophyll a, chlorophyll b and carotenoid content assays were performed according to 

LICHTENTHALER [15]. Thus, 50 mg fresh leaves were homogenized in 3 ml 80% acetone. 
Homogenates were centrifuged at 4°C for 15 min (3000 rpm). Finally the volume was made 
to 5 ml and used then for the analysis. Absorbances were determined at 645, 663 and 470 nm, 
respectively and pigment contents were evaluated and expressed in mg/g fresh weight (FW) 
using the following equations: 

Chlorophyll a (Chl a) = (11.24×A662 - 2.04×A645)  
Chlorophyll b (Chl b) = (20.13×A645 - 4.19×A662)  
Carotenoids = [(1000×A470 - 1.9×Chl a - 63.14×Chl b)/214]  
 
Proline determination  
Proline was quantified by using ninhydrin reagent and measured according to BATES & 

al., [16]. Seedling samples from each variety were homogenized in 3% sulfosalycilic acid 
(w/v). To the collected supernatant, 2 ml ninhydrin acid and 2 ml glacial acetic acid were then 
added. The mixture was heated to 100oC under stirring for 1h. The reaction was stopped by 
using an ice bath and the reaction mixture was then extracted with 4 ml of toluene. The 
absorbance of toluene layer was spectrophotometrically determined at 520 nm wavelength 
with toluene as the blank. Concentration was determined from standard curve and calculated 
on a fresh weight basis (μmol proline/g FW). 

 
Protein estimation 
Proteins were estimated by the method with bicinchoninic acid (SMITH & al., [17]).   
 
Statistical analysis.  All experiments were carried out with three independent repetitions 

and the results were expressed as the mean values ± standard deviation (SD). The statistic 
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significance of the differences between treated samples and control ones was assessed by 
means of the student t test. 

 
3. Results and Discussions 
Effect of salt stress on plant growth  
In order to define salt stress tolerance or sensitivity of marigold seedlings, the effects of 

sodium chloride treatment on size of the cotyledons or first leaves, hypocotyls and radicles 
were tested (Table 1). The hypocotyl height of marigold seedlings was the most sensitive to 
salt stress, under higher NaCl concentrations at 9-days old. On the contrary, at 36 days the 
hypocotil lengths showed no significant changes at 50 mM NaCl concentration, but it was 
observed a highly significant decreased with doubled NaCl concentration. The cotyledon 
lengths indicated at 9 days a highly significant decrease at 50mM level. Length of first leaves 
of marigold seedlings under the NaCl stress indicated a decrease at 100mM NaCl. It is worth 
noting that the salinity had highly significant effect on radicle length at both ages of marigold 
seedling especially at 100mM concentration. 

 
Table 1. The effect of NaCl concentrations on several growth parameters at different 

developmental stages of Calendula officinalis seedlings 
 

NaCl 
(mM) 

Cotyledon 
(cm) 

Hypocotyl (cm) First leaves 
(cm) 

Radicles (cm) 

Days Days Days Days 
9 9 36  36  9  36  

0 2.34±0.27 10.19±0.98 12.1±1.87 4.24±0.89 16.22±2.07 17.2±1.67 
50 1.91±0.58** 9±1.23** 12.25±1.87 4.51±0.81 15.16±2.35 17.11±3.16 
100 1.67±0.30 8.01±0.78 9.56±1.28** 3.11±0.52** 14.04±1.76** 14.57±2.88** 

Means values (± standard deviation) of 5 replicates; significance level: P ≤ 0.01(**) 
 
Salt stress may affect medicinal plants on different physiological stages. Salinity stress has 

been reported to cause adverse effects on germination, growth and vigor, metabolism, flowering 
and fruiting processes and physiology, ultimately causing diminished economic yield and also 
quality of produce (SAIRAM and TYAGI, [18]). Literature indicating that plants are particularly 
susceptible to salinity during the seedling and early vegetative growth stage 
(HASANUZZAMAN & al., [19]). One of the most salt-sensitive growth stages which are 
severely inhibited with increasing salinity is seed germination stage. Seedling growth is another 
vegetative stage negatively affected by salinity. Thus, seedling growth of Thymus maroccanus 
(BELAQZIZ & al., [20]), Ocimum basilicum (RAMIN, [21]), Chamomilla recutita (ALI & al., 
[22]) and Origanum majorana (RAZMJOO & al., [23]), Rosmarinus officinalis (KIAROSTAMI 
& al., [24]) were severely decreased under salt stress. On the other hands, most studies have 
demonstrated reduction in growth under salinity stress in various plants like tomato (ROMERO-
ARANDA & al., [8], cotton (MELONI & al., [25]), sugar beet (GHOULAM & al., [26]), 
rosemary (KIAROSTAMI & al., [24]) and many others. However, there are differences in 
tolerance to salinity among species and cultivars. 

Growth inhibition is a common response to salinity and plant growth is one of the most 
important agricultural indices of salt stress tolerance as indicated by different studies of 
PARIDA and DAS [27]. The response of radicles growth to salinity stress in relation to shoot 
growth varies with the level of NaCl used and the genotype. More observation from most 
authors found that root was less afected by salinity than shoot (CHAPARZADEH & al., [28], 
PEREZ-ALFOCEA & al., [29]). Our findings suggested that different length changes of the 
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diverse organs growth are related to the impacts of NaCl concentrations, the duration of 
treatment and the age of marigold seedlings.  

 
Effect of salt stress on photosynthetic pigments content 
Table 2 show the effect of salt stress, using different concentrations of sodium chloride 

on the photosynthetically active pigments contents estimated in C. officinalis seedlings at the 
vegetative stages. The results show the relation between chlorophyll a or chlorophyll b and 
the concentration of sodium chloride had fallowed generally the same path at both ages of 
marigold seedling. The general trend reflects a gradual increase in the pigments content by 
increasing salt concentrations. The present data show that the amounts of chlorophyll a, 
chlorophyll b and carotenoids were not significant increased with the increase of sodium 
chloride levels in comparison to control in both 9 day-old and 36 day-old seedlings. It is clear 
from Table 2 that chlorophyll a content predominated over chlorophyll b, at both intervals 
studied. An increase in the chlorophyll content might be due to the osmotic adjustment 
mechanism developed by the plants, while a decrease of this parameter might be associated 
with disruption in cellular functions and damage to photosynthetic electron transport chain 
due to accumulated toxic ions. In terms of carotenoids at marigold seedling 9-days old it was 
observed a little increase when these were grown at 50 mM and 100mM concentrations. The 
same trend of carotenoids content was observed in marigold seedling 36-days old. A 
statistical analysis indicated that the observed differences were significant, only for the two 
chlorophyll a and b at 9 days old of marigold seedling. 

 
Table 2. Changes in chlorophyll a (Chl a) and chlorophyll b (Chl b) contents, and carotenoids (Car) (mg.g–1 FW) 

in marigold seedling subjected to salt stress induced by sodium chloride (mM) 
 

NaCl 
(mM) 

chlorophyll a  
(mg.g–1 FW) 

chlorophyll b  
(mg.g–1 FW) 

Carotenoids 
 (mg.g–1 FW) 

Days Days Days 
9  36  9  36  9  36  

0 0.22±0.007 0.272±0.03 0.09±0.001 0.100±0.009 0.017±0.0003 0.018±0.002 
50 0.24±0.04 0.276±0.03 0.10±0.02 0.207±0.01 0.019±0.003 0.018±0.002 
100 0.24±0.04* 0.31±0.04 0.11±0.01* 0.11±0.01 0.02±0.003 0.02±0.003 
Means values (± standard deviation) of 3 replicates; significance level: P ≤ 0.001(*) 

 
Usually, a plenty of data suggest that there is a decrease of pigment content in plants 

subjected to salinity conditions. For instance, it is a commonly reported phenomenon and in 
various studies, this may be due to membrane deterioration (DJANAGUIRAMAN & al., 
[30]). The decreasing chlorophyll content with increasing salinity in plants may be explained 
by arising activity of enzyme responsible for the degradation of chlorophyll like 
chlorophyllase (FARISSI & al., [31]). Thus, most of researches indicate that increasing 
salinity level generally decreased the photosynthetic pigments (chlorophyll a, chlorophyll b 
and carotenoids) content as in Picea sp. (CROSER & al., [32]), Rosmarinus officinalis 
(KIAROSTAMI & al., [24]). Our results agree with few reports of increase of chlorophylls 
and carotenoids content like in Vetiveria zizanioides (L.) (MANE & al., [33]) under only the 
influence of lower levels of salinity 50 mM and 100mM NaCl or in Nicotiana tabacum 
(ÇELIK and ATAK, [34]). DHANAPACKIAM and ILYAS [35] find that the total 
chlorophyll content of the leaves of Sesbania grandiflora seedlings exhibited a little increase 
at 10 and 20 and 30 mM NaCl and decreased at 40 and 50 mM treatments. Carotenoids (Car) 
are necessary for photoprotection of photosynthesis and they play an important role as a 
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precursor in signaling during the plant development under abiotic/biotic stress (ASHRAF and 
HARRIS [36]). 

 
Antioxidant defence systems 
All variables environmental stresses (drought, cold, heat, salt stress, toxic heavy metals, 

herbicides or pathogen attack) have been reported to lead to the production of reactive oxygen 
species (ROS). In plants, ROS are continuously produced as products of metabolic pathways and 
also as part of defense response against biotic and abiotic environmental stresses. ROS production 
is an unavoidable part of metabolic processes in aerobic organisms. ROS include free radicals 
such as superoxide anion (O2•−), hydroxyl radical (•OH), as well as non radical molecules like 
hydrogen peroxide (H2O2), singlet oxygen (1O2), and so forth. The rapid increase in ROS levels 
by the consumption of molecular oxygen causes induction of antioxidants in the apoplast and in 
various cellular compartments. Thus, depending on the nature of the ROS species produced and 
the subcellular localization, they are detoxified with efficient enzymatic and non-enzymatic 
scavenging mechanisms (APEL and HIRT, [37]).  Among enzymatic ROS scavenging 
mechanisms, superoxid dismutase (SOD) play an important role catalyzing the breakdown of 
superoxide radicals to oxygen and H2O2. This enzyme provides the first line of defense against 
oxygen toxicity. The H2O2 is then scavenged by catalase (CAT) and a variety of peroxidases 
(POD) converting into H2O and O2. CAT (localized in peroxisomes and cytoplasm in leaf tissue, 
but not in chloroplast) is shown to be essential for oxidative stress tolerance. CAT is known to 
have low affinity to H2O2 than POD, which suggest that it is involved in mass scavenging H2O2, 
whereas POD is suggest to be involved in fine regulation of H2O2 (PALLAVI & al., [38]). SOD 
activity of marigold seedling under the effect of salt stress at two different ages is shown in Figure 
1. In response to stress, the activity of this metalloenzymes was significant increased (p<0.05) at 
50mM at 9-days old as compared to plants control. At this age of marigold seedling our results are 
in agreement with those reported for Cassia angustifolia (AGARWAL and PANDEY, [39]) which 
showed an initial increase of SOD activity at 50 mM NaCl and subsequent decline with 
increasing concentration of salt. By contrast, at the second determination (36-days old) SOD 
activity showed a declining pattern (by 34% at 50mM and by 52% at 100mM concentration) in 
marigold seedling with the increase of salinity. The SOD activity was higher at 36-days old than 
9-days old both in control (about two-time) and both levels of NaCl. By the other hand, SOD 
activity was lowest in the 36-days old seedlings growing at two NaCl concentrations that also 
showed low levels of ROS probably suggesting that high SOD activity was not needed. It is likely 
that the lowest SOD activity in marigold seedling under saline stress lead to diminishing the CAT 
and peroxidases activity. Our results are in agreement with salt stressed Catharanthus roseus 
(JALEEL & al., [40]) which showed a decrease of SOD activity at both levels 50 mM and 100 
mM NaCl. CAT is one of the most potent catalysts known which catalyzes the conversion of 
H2O2, a powerful and potentially harmful oxidizing agent, to water and molecular oxygen. 
Exposure to the salinity determined an increase of CAT activity in marigold seedling 9 days old, 
at both NaCl levels with the arrise of salinity (Figure 2). In contrast, the marigold seedling at 36-
days old recorded a significant decrease (38%) enzyme activity at 100 mM NaCl. At this age, the 
enzyme activity was decreased with the increased salinity. 

POD is another antioxidant enzyme developing in plants whereby these can escape the 
damaging effects of ROS. Thus, POD activity increased in seedling treated with 50 mM of 
sodium chloride (29%) but decreased in marigold seedling grown in 100 mM with 8% (Figure 
3). On the other hand, POD activity in marigold seedling at 36-days old was decreased, 
similar to CAT activity under the same saline condition. Thus, at this age, the highest 
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inhibitory effect (52%) of salinity on POD activity was recorded at 100 mM NaCl at marigold 
seedling. These results are in agreement with those reported by CHAPARZADEH & al., [28] 
who find that salinity (50 and 100 mM NaCl) induced a decrease in SOD and POD activities 
in marigold. LATEF [41] reported an increase in CAT activity in two wheat cultivars, 
Banysoif 1 and Sakha 68, while a decrease of the enzyme activity was found in cv. Seds 1 
under salt stress. RAHNAMA and EBRAHIMZADEH [42] reported at approximate level of 
sodium chloride (60mM and 90 mM) a decrease of CAT activity in two potato cultivars. CAT 
inhibition may suggest the presence of disturbances that reduce the cell’s ability to cope with 
oxidative stress, while an increase in CAT activity may suggest an active response of cells to 
oxidative stress (BONNINEAU & al., [43]). 

 
Effect of salt stress on protein content 
 At 9 days, the soluble protein content was reduced 22% in stressed plants exposed at 

50mM concentration compared to the non-stressed seedlings but at 100 mM concentration 
this was higher with 10% than control (Figure 4). At 36-days old, seedlings grown in salinity 
levels (50mM and 100mM) showed an increased of protein content that corresponded with 
the increase in salt concentrations. Thus, the highest soluble protein content was remaked in 
marigold seedling grown at the largest sodium chloride levels (100 mM). Statistical analysis 
did not show a significant difference during the two measurement periods. The harmful 
influence of salinity can affected negatively or positively the protein content. Many research 
demonstrate a decrease (CHEN & al., [44]) or an increase (KAPOOR and SRIVASTAVA 
[45]) of protein level in plants treated with different salt concentration. To survive under 
stress, plants accumulate proteins that protect cells from stress effects (WANGXIA & al., 
[46]). Salinity in the majority of cases lowers the level of protein in salt-stressed plant parts as 
a result of the decreased synthesis of protein as well as the increased activities of protein-
hydrolyzing enzymes. In certain cases, however, an increased protein level is noticed under 
salinity conditions, possibly due to the increased synthesis of new salt-induced proteins or the 
decreased activities of proteolytic enzymes (DUBEY [47]). One characteristic of saline stress 
is the removal of potassium ions by plant roots, which causes a physiological imbalance 
because potassium is necessary for protein synthesis (AYALA-ASTORGA and ALCARAZ-
MELÉNDEZ, [48]). If the stress is prolonged, it could affect protein synthesis and eventually 
cause it to decline (CAPLAN & al., [49]).  

 
Effect of salt stress on proline content 
Marigold seedlings grown in higher salinity level (100 mM NaCl) showed the smallest 

content of proline amount reduced being by 17% compared with those of the control plants at 
9-days old (Figure 5). At the next ages 36-days old of marigold seedlings it is noticed that 
proline amount tended to increase with saline treatments, especially at 100 mM NaCl. It must 
be mentioned that the marigold proline content increased with increase in duration of stress. 
In this way, accumulation of proline in the marigold seedling treated with 100 mM NaCl was 
by 2.8 times higher than control. 

Proline accumulation is important biochemical marker for plant reponse to salt stress as 
well as to other types of stress acting as radical scavenger and protects cells against salt 
induced oxidative stress (KUMAR & al., [50]). Besides being an osmoprotectant, proline also 
has a role in detoxification of reactive oxygen species under various stress conditions helping 
plants to counteract the salinity. This major osmoregulator acts as an antioxidant, stabilization 
of proteins and protein complexes and as a signaling/regulatory molecule (SZABADOS and 
SAVOURE [51]).  
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Figure 1. Changes in SOD activity on C.officinalis 
seedlings subjected to salt stress induced by several 

NaCl concentrations (Vertical bars indicate ± 
standard error) 

Figure 2. Changes in CAT activity on C.officinalis 
seedlings subjected to salt stress induced by several 

NaCl  concentrations (Vertical bars indicate ± 
standard error) 
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Figure 3. Changes in POD activity on C.officinalis 
seedlings subjected to salt stress induced by several 
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Figure 4. Changes in soluble proteins content on 
C.officinalis seedlings subjected to salt stress induced 

by several NaCl  concentrations (Vertical bars 
indicate ± standard error) 
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Figure 5. Changes in proline content on C.officinalis 
seedlings subjected to salt stress induced by several 
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standard error) 

 
Proline is a main osmolyte which accumulate under saline conditions in many plants 

including some medicinal plants such as ajwain (ASHRAF and OROOJ [52]), anise and 
coriander (ZIDAN and ELEWA [53]). Proline and glycinebetaine levels increased as the 
salinity level increased (KHAN & al., [54]). With regard to proline content, there is a strong 
correlation between increased cellular proline levels and the capacity to survive the effects of 
high environmental salinity (RADY & al., [55]).  

 
4. Conclusions 
Antioxidant enzymes activity (SOD, CAT, POD), grown parameters, assimilator 

pigments content (chl a, chl b and carotenoid), proline and soluble protein amounts of 
Calendula officinalis seedlings of 9-days and 36-days old were differently influenced by time 
exposure and the level of sodium chloride.  
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Comparing the mechanisms of antioxidant production in marigold seedling 36-days age a 
decrease of all enzymes was in direct relation with the enhacement of sodium chloride levels 
and thus possily caused an increase of protein content. 

At this age, the marigold seedlings have a great ability to adapt at applied NaCl 
concentration. The increase in photosynthetic pigment (chl a, chl b and carotenoid) amounts 
was perhaps due to low concentration of sodium chloride that seems not to inhibate this 
biosynthese. Our data showed that substantial differences of the salt stress effect correlated 
with duration of treatment were observed on marigold seedling growth. The significant 
highest marigold growth reduction was found at 100 mM NaCl at 36-days old for hypocotyl, 
first leaves as well as radicles. Marigold seedlings grown in the presence of 100mM NaCl 
showed higher proline content than control. The level of proline increased in seedling with 
increasing salinity. 
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