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Abstract Salinity is an abiotic stress which affects the

morphological and physiological characteristics of plants.

In order to evaluate the effects of different concentrations

(0, 40, 80, 120 and 160 mM) of NaCl on some mor-

phological and physiological parameters in Roselle, an

experiment was conducted using a simple randomized

design with three replications. The results showed that

salt stress decreased plant height, number of leaves and

shoot fresh weight. In addition, there were no differences

between treatments in the fresh and dry weight of flowers,

significantly, but the number of flowers decreased in the

treatments of 120 and 160 mM NaCl. The total phenolic

content showed a significant reduction between the con-

trol and other concentrations except for 40 mM NaCl, but

the total anthocyanin content showed a significant

increase in 40 mM NaCl. The results of this study indi-

cated the possible effect of the low saline concentration

on the increase of anthocyanin content, with no change on

flower yield.
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Introduction

Roselle (Hibiscus sabdariffa L.) as a tropical wild plant

with secondary metabolites, such as organic acid, antho-

cyanins, flavonoids and polyphenols, has some useful

properties for human health. Most studies on the calyces of

Roselle in human and animal trials have indicated several

biological effects such as antioxidant effects (Kaur and

Kapoor 2002; McKay et al. 2009), hepatoprotective effects

(Amin and Hamza 2005), nephroprotective effects (Lee

et al. 2009), cytotoxic (Chang et al. 2005; Lin et al. 2005;

Liu et al. 2006), hypolipidemic effects (Hopkins et al.

2013), anti-obesity effects (Herranz-López et al. 2012;

Chang et al. 2014), anti-diabetic effects (Peng et al. 2011)

and anti-hypertensive effects (Mozaffari-Khosravi et al.

2009; Seck et al. 2017). Furthermore, these calyces are

consumed as jam, syrup, hot or cold drinks and also as

natural food colorants.

The phenolic and anthocyanin compounds found in

Roselle are the most frequent metabolites (Borrás-Linares

et al. 2015) with medicinal properties. Phenolic compounds

with antioxidant activity and free radical scavenging are

among the most important compounds in medicinal plants

(Waśkiewicz et al. 2013; Cai et al. 2004). In this plant,

anthocyanins also have antioxidant bioactivity (Wang et al.

2000; Wu et al. 2016).

Environmental stresses have been caused a significant

enhancement in total phenol and anthocyanin contents by

several reports (Chalker-Scott 1999; Parida and Das 2005;

Eryılmaz 2006). Some studies have shown that salt stress in

Roselle changed the physiological, morphological and

phytochemical characteristics. Trivellini et al. (2014)

reported an increase in electrolyte leakage, abscisic acid

content and a reduction in flower fresh weight, anthocyanin

content and chlorophyll fluorescence parameters. Galal

(2017) and Gadwal and Naik (2014) showed that NaCl

affected the germination rate, vegetative growth of seed-

lings, length of seedlings, fresh weight, dry matter of

seedlings, seed viability index, chloroplast pigments as

well as chlorophyll and carotenoid biosynthesis. The

objective of the present research was to evaluate the effect
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of different salinity levels on the content of total antho-

cyanin and phenol, as well as on some morphological

characteristics in Roselle.

Materials and methods

Plant material and cultivation conditions

Roselle seeds were immersed in 1% sodium hypochlorite

for 10 min and then drained and washed with distilled

water until the neutral pH was reached. The seeds were

cultivated in pots containing a soil/humus mixture (4:1,

v/v) and grown in a greenhouse located in Sari, Iran

(latitude, 36�440N; longitude, 53�070E), under natural

environmental conditions (^ 25 �C). The pots were

planned in a simple randomized design with 3 replicates

and 6 samples per replication. Thirty days after sowing

the seeds, salt stress was applied and continued for

10 days after flowering. The treatments included: 0 mM

NaCl (control), 40 mM NaCl, 80 mM NaCl, 120 mM

NaCl and 160 mM NaCl. Five plants were sampled ran-

domly from each treatment at 60 days after sowing and

were measured growth and phytochemical characteristics

such as plant height, shoot fresh and dry weight, flower

fresh and dry weight, number of flowers per plant, num-

ber of leaves, total anthocyanin content and total phenolic

content.

Preparation of samples for spectrophotometric

assays

Dried flowers of H. sabdariffa were powdered and then

extracted with 80% ethanol by maceration at room tem-

perature. The extracts were concentrated using a rotary for

evaporation and dried using a freeze dryer.

Determination of total phenolic and total

anthocyanin contents

The total anthocyanin content was specified according to

the pH differential method (Sutharut and Sudarat 2012; Lee

et al. 2005). The total phenolic content of the hydroalco-

holic extracts was determined by the Folin Ciocalteu

method at 765 nm (Nićiforović et al. 2010). The calibration

curve was plotted using different amounts of gallic acid

(6.25, 12.5, 25, 50, 100 lg/ml). The total phenolic and

anthocyanin content was determined respectively as mil-

ligrams of gallic acid equivalents per gram of the extract

and milligrams of cyanidin 3-glucoside equivalents per

100 g of extract.

Statistical analyses

For the statistical analysis was used the SPSS package

program version 23.0. Data analysis was done by one-way

ANOVA and compared by Duncan’s multiple range test

(DMRT) at P[ 0.05%.

Results and discussion

In this study, the analysis of variance showed differential

responses to salinity levels (Table 1). The mean compar-

ison of different characteristics was presented in Table 2.

Salt stress caused a significant decrease in plant height in

160 mM NaCl, which was about 32% after 30 days of

treatment. The number of leaves indicated a significant

decrease of 26% between the control treatment and 120 and

160 mM NaCl. The shoot fresh weight showed significant

differences between treatments of 0 and 40 mM NaCl with

120 and 160 mM NaCl, whereas there was no difference

between treatments in shoot dry weight under salt stress.

During different treatments, salt stress did not have any

effect on flower fresh and dry weights. Exposure to 120 and

160 mm NaCl also resulted in 34% and 30% significant

decreased respectively, compared to the control condition

in the number of flowers. On the basis of the previous

studies, photosynthesis (Yang et al. 2011), biomass and

flower parameters (Trivellini et al. 2014) are affected by

salt stress in the Hibiscus genus. The reduction rate of plant

growth is a usual response to salinity, especially on leaf

parameters and plant height, because of the decrease in

some factors such as protein synthesis, energy and lipid

metabolism and photosynthesis rate, as well as less avail-

able carbon to growth for osmotic adjustment within the

cells (Parida and Das 2005; Cheeseman 1988). While

studying the gene expression profiles of H. tiliaceus under

salt stress condition, Yang et al. (2011) found that this plant

was protected through coordination of the genes associated

with the gene transcription, signaling, detoxification path-

ways and downstream cell transport.

The total phenolic content and total anthocyanin content

were investigated as phytochemical characteristics. There

was a significant decreasing rate in phenolic content

between the control and other concentrations, except

40 mM NaCl. Telesiñski et al. (2008) also reported a

similar response in bean leaves as a result of the accumu-

lation of Cl-ions. However, some studies in couple and

Salvia mirzayanii leaves indicate that the increase in phe-

nolic content was as a result of the increasing phenol

biosynthesis in low or moderate saline conditions and then

it had a decreasing rate in high concentrations (El-Mashad

and Mohamed 2012; Valifard et al. 2014). The difference

in phenolic content under salt stress could be related to
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plant tissue, species, salinity levels, duration of salinity and

the primary levels of phenol content (Waśkiewicz et al.

2013).

The total anthocyanin content showed a significant

increase at 40 mM NaCl and then it reduced significantly

with increasing salt concentration. Concerning the different

individual anthocyanin compounds which constitute total

anthocyanin, Trivellini et al. (2014) reported that the

decrease in total anthocyanin was mainly due to the

reduction of cyanidin 3-sophoroside in Roselle flowers

under 200 mM NaCl. In this study, an increase in the rate

of anthocyanin synthesis in Roselle flowers in low salt

concentration could be important because it serves as a

major source of antioxidant properties (Tsai et al. 2002).

Anthocyanins, as a strong antioxidant molecule protecting

plants in oxidative stress (Nagata et al. 2003), have been

induced by different concentrations of salinity in some

plants including rice (Daiponmak et al. 2010), tomato and

red cabbage (Eryılmaz 2006) and the halophyte species

Sesuvium portulacastrum (Slama et al. 2017).

The results of correlation coefficients between the

studied characteristics in Roselle are shown in Table 3.

These results showed that there was a positive and signif-

icant relationship between shoot fresh weight, shoot dry

weight and number of leaves. There was a significant rel-

evance between shoot fresh weight and anthocyanin con-

tent. Also, the phenolic content had a positive and

significant relationship with plant height, the number of

leaves, shoot fresh weight and number of flowers. In

addition, there was no significant relevance between the

phenolic and anthocyanin contents in this study. This result

is the same as those reported by Borrás-Linares et al.

(2015). Despite of that anthocyanins have been traced in

different tissues of the plant includes flowers, fruits, leaves,

roots and branches (Chalker-Scott 1999), but due to the fact

that its amounts are affected in the environmental condi-

tions and different stages of development (Steyn et al.

2002), so there is no significant correlation between

anthocyanin content and other studied traits except the

fresh weight of the plant. The may be due to linkage and

pleiotropy (Adams 1967) or environment (Aastveit and

Aastveit 1993) could justify the correlation between the

traits.

Table 1 Analysis of variance performed on characteristics for Roselle at five salinity levels

Characteristics df Mean square of salt concentration Mean square of error F Coefficient of variation

Plant height 4 189.80ns 90.30 2.10 5.18

Number of leaves 4 6.45* 0.58 11.10 7.80

Shoot fresh weight 4 35.36* 6.23 5.67 6.08

Shoot dry weight 4 4.32ns 2.74 1.58 3.81

Flower fresh weight 4 0.28ns 0.27 1.04 5.92

Flower dry weight 4 0.10ns 0.05 2.10 5.11

Number of flowers 4 0.64ns 0.22 2.96 4.52

Anthocyanin content 4 4778.65* 75.25 63.50 4.61

Phenolic content 4 12.67* 3.28 12.68 9.36

*Significant at P\ 0.05; **Significant at P\ 0.01; nsNot significant

Table 2 Mean performance of characteristics of Roselle at five salinity levels

Characteristics NaCl concentration

0 mM 40 mM 60 mM 120 mM 160 mM

Plant height (cm) 68.00 ± 1.80a 58.67 ± 18.01ab 55.83 ± 0.76ab 54.17 ± 6.83ab 46.00 ± 8.76b

Number of leaves 12.83 ± 0.29a 12.83 ± 0.29a 12.33 ± 1.15a 10.83 ± 0.29b 9.50 ± 0.87b

Shoot fresh weight (g) 25.59 ± 2.43a 27.36 ± 10.5a 23.56 ± 1.53ab 20.67 ± 3.11b 19.00 ± 3.48b

Shoot dry weight (g) 6.14 ± 0.62a 8.48 ± 1.83a 7.63 ± 1.25a 6.26 ± 1.18a 5.57 ± 2.65a

Flower fresh weight (g) 2.76 ± 0.39a 3.16 ± 0.66a 3.38 ± 0.18a 3.44 ± 0.40a 2.83 ± 0.77a

Flower dry weight (g) 0.96 ± 0.26b 1.08 ± 0.28ab 1.28 ± 0.01a 1.02 ± 0.07ab 0.96 ± 0.22b

Number of flowers 3.33 ± 0.29a 2.83 ± 0.29ab 3.00 ± 0.50ab 2.17 ± 0.29b 2.33 ± 0.76b

Anthocyanin content (mg/100 g extract) 173.83 ± 0.67b 241.85 ± 19.26a 139.33 ± 2.00d 155.63 ± 0.17cd 158.89 ± 0.92bc

Phenolic content (mg GAE/g extract) 39.97 ± 2.74a 37.80 ± 0.99ab 35.01 ± 1.79bc 33.14 ± 0.92cd 30.55 ± 1.96d

The different letters shows significant differences at 5% (Duncan’s test)
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Conclusion

In brief, salinity promoted several physiological and bio-

chemical changes in Roselle including the reduction of

plant height, the number of leaves, shoot fresh weight, the

number of flowers per plant and total phenolic content, and

also an increase of total anthocyanin content in 40 Mm

NaCl. In this study, the salinity sensibility of Roselle in

high salt concentration could be closely related to the

decrease in total phenol and anthocyanin content as pro-

tective factors in oxidative stress. Due to the special

importance of anthocyanins and phenolic compounds, as

the main metabolites in the therapeutic effects of this plant

and the high relationship of these values with the amount of

antioxidant activity, the significant enhancement in the

amount of anthocyanin in low salinity levels (40 mM

NaCl) without significant reduction in the flower yield, as

well as the amount of phenolic content, could be consid-

ered in studying the culture of Roselle in slightly saline soil

for increasing the anthocyanin content. Further studies are

necessary to investigate the molecular mechanism of the

anthocyanin biosynthesis in the reaction of different saline

levels in Roselle.
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