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Abstract: Hibiscus cannabinus and Hibiscus sabdariffa are two economically important plants from 

Malvaceae family. The germination and growth of plant is an important phonological stage, where the plants 

survival depends to it, especially in the saline conditions. Salinity tolerance in the arid and semiarid regions is 

one of the most important factors that effect on the agricultural production. The ability of seeds to germinate at 

high salt concentration in the soil is crucial importance for the survival and perpetuation of many plant species. 

Present study was carried out to test the effects of different salinity levels on germination and early seedling 

growth of Hibiscus cannabinus and Hibiscus sabdariffa, seedlings collected from different populations. The 

experiment was carried out using completely randomized design in three replication. Experimental treatment 

includes four levels of sodium chloride concentrations (-0.05MPa, -0.15MPa, -0.30MPa and -0.49MPa). The 

results showed rate of germination, radicle, hypocotyl and plumule length, moisture content, fresh wet and dry 

seedling weights and seed viability index were higher in control treatment when compared to treated seeds. At -

0.15MPa and more concentration, germination decreased significantly. This reduction in germination indicates 

that seeds of Hibiscus cannabinus showed more resistant to salt stress when compared to Hibiscus sabdariffa. 
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I. Introduction 
Indian agriculture has gone through a major revolution and the goal was achieved by use of high 

yielding varieties of crops that require frequent irrigation and application of fertilizers and pesticides. With this 

progress, the problems like salinity have also threatened the agriculture. Nearly half of the irrigated land and 

20% of the world’s cultivated land are currently affected by salinity [1]. Salt-affected soils are distributed 

throughout the world and no continent is free from the problem [2]. Globally, a total land area of 831 million 

hectares is salt affected.   

Salinity is a continuing problem in the arid and semi-arid tracts of the world. It could be alleviated 

using irrigation management and/or crop management. However, the former approach is outdated and very 

expensive. Nevertheless, the latter is economical as well as efficient and it enables to produce salt tolerant crop 

lines. But prior to that there is a need to confirm the presence of genetically based variation for salt tolerance 

among different species or varieties of a particular crop at different growth stages.  

Speed of germination and emergence is an important determinant of successful crop establishment [3]. 

Soil salinity may influence the germination of seeds either by creating an osmotic potential external to the seed 

preventing water uptake, or the toxic effects of Na+ and Cl- ions on the germinating seeds [4]. Salt and osmotic 

stresses are responsible for both inhibition or delayed seed germination and seedling establishment [5]. Under 

these stresses, there is a decrease in water uptake during imbibition; furthermore, salt stress may cause excessive 

uptake of ions
 
[6].  

The genus Hibiscus has more than 300 species which are distributed throughout tropical and 

subtropical regions of the world. Most Hibiscus species are used as ornamental plants, but many are believed to 

have certain medicinal properties; among them are Hibiscus cannabinus and Hibiscus sabdariffa. These are 

common wild plant and thought to be native to Asia or tropical Africa and are the shrubs belonging to the family 

Malvaceae. The plant is rich in phytochemicals and many parts of the plant, including seeds, leaves, fruits and 

roots, are used in various foods and beverages as well as having a multitude of health benefits. Seeds from these 

plants are used for oil extraction, the rest being used as feed. The oil is suitable as a lubricant and for 

illumination, for manufacture of soap, linoleum and in paints and varnishes. The plants are grown in the 

marginal lands in India and has shown tolerance to stress condition. Thus, these plants can be a good candidate 

species for farming on saline lands. 

The objective of the present study was to study the effects of salinity on the germination and seedling 

growth of Hibiscus cannabinus and Hibiscus sabdariffa at various sodium chloride (NaCl) concentrations. 

There are no reports seen in the studies of these plants to ascertain the limits of salt tolerance and its 

biochemical basis.     
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II. Materials And Methods 
2.1 Experimental design 

Healthy and uniform seeds of Hibiscus cannabinus and Hibiscus sabdariffa were procured from 10 

local research station. Seeds were stored in sterilized polythene bags to avoid contamination. Seed germination 

bioassay was used to test the effect of salt (NaCl) stress on the Hibiscus cannabinus and Hibiscus sabdariffa 

seeds under laboratory conditions. Seeds of Hibiscus cannabinus and Hibiscus sabdariffa were thoroughly 

washed with tap water to remove dirt and empty and undeveloped seeds. Seeds were surface sterilized with 

0.1% mercuric chloride solution for 5min and then washed 6 - 7 times with distilled water. Four salinity 

concentrations (0 as control), (-0.05MPa, -0.15MPa, -0.30MPa and -0.49MPa) of NaCl were used based on a 

preliminary test for salt tolerance of the species. Seeds were germinated in two folds of Whattman filter paper 

number 1 placed in 9cm diameter petridishes with 5 ml of test solution. Three replicates of 10 seeds each were 

used for each treatment. A seed was considered to have germinated at the emergence of the radical
 
[7]. The 

germinated seeds were recorded regularly. Germination was started after 48hrs and continued until the seventh 

day of experiment. The seed was considered to have germinated when both the plumule and radicle had 

emerged 1mm. The seventh day old seedlings were randomly selected from each petri dish and their average 

length was measured. Finally, they were oven-dried at 65°C for 24hrs to measure their mean dry weight
 
[8]. 

 

2.2 Determination of Growth parameters 

Different growth parameters such as germination percentage, germination rate, seedling (radicle, 

hypocotyl and plumule) length, seedling vigour index, fresh weight, dry weight and moisture content were 

determined in control and for treatment.  

Vigour index of the seedlings was estimated according to the formula
 
[9]. 

Seedling Vigour index = Total seedling length (mm) x germination percentage/ 100 

 

Statistical analysis: Data analysis was carried out by GraphPad Instat (version 3.10, Inc 2009) statistical 

software where one way analysis of variance (ANOVA) and mean values were compared by using Turkey’s 

multiple comparision test at 5% probability level. 

 

III. Results And Discussion 
Salinity is the most widespread abiotic stress and constitutes the most stringent factor in limiting plant 

distribution and productivity. Effect of different concentrations of NaCl (-0.05MPa, -0.15MPa, -0.30MPa and -

0.49MPa) was studied on the germination, seedling growth, vigour index and biomass.  

 

3.1 Seed germination and growth 

Seed germination is one of the most important phases in the life cycle of plant and is highly responsive 

to existing environment. In both cases, higher seed germination and vigour index was observed in control in 

comparison to the treatment. Seedlings of Hibiscus cannabinus and Hibiscus sabdariffa showed significant 

reduction in different growth parameters studied i.e. seed germination, length of radicle, hypocotyl and plumule, 

Plant length, vigour index, moisture content, fresh and dry weight of both the seedlings with -0.15MPa NaCl 

concentration (Table 1, Table 2 and Fig. 1-9). The inhibitory effect of salinity stress was proportional to the 

exposure period and salt concentration. The rate of inhibition of germination and growth parameters of two 

plants was in order: -0.15MPa > -0.05MPa. Maximum reduction (60.00% and 100%) in seed germination was 

observed with -0.15MPa NaCl solution at 24hrs of Hibiscus cannabinus and Hibiscus sabdariffa, respectively. 

Seedlings of two plants exhibited higher vigour index in control whereas significant reduction in vigour index 

was observed with -0.05MPa and -0.15MPa NaCl solution.  

The decrease in radical, hypocotyl, plumule length, vigour index and biomass was the manifestation of 

impaired metabolic activities due to the NaCl stress. The growth inhibition caused by different concentrations of 

NaCl solution is due to interference with plant growth processes like cell division and cell enlargement, 

inhibition in nutrient uptake, reduction in dry matter production due to inhibition of metabolic processes such as 

photosynthesis and respiration
 
[10]. 

Means comparison for these traits showed that the application of -0.15MPa salinity resulted in the loss 

of seedling length, seedling weight, germination percentage, germination rate and seed viability index of 

Hibiscus cannabinus as compared to control treatment (0 MPa salinity). Where there is no growth in the salinity 

treatment of -0.30MPa and -0.49MPa of both the plants.  

In the present study, the effect of salinity stress on germination and different growth parameters were 

carried out for Hibiscus cannabinus and Hibiscus sabdariffa. The Hibiscus cannabinus was found to be more 

resistant when compared to Hibiscus sabdariffa. 

At 1% salinity stress, reduction percentage of Hibiscus cannabinus for root length, hypocotyl length, 

plumule length and seedling length was found to be 81.55%, 90.37%, 69.02% and 81.23%, respectively. Where 
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as in case of Hibiscus sabdariffa, reduction percentage was observed to be 95.95%, 99.95%, 100% and 100%. 

Similarly, fresh weight, dry weight, moisture content and seed viability index, the reduction percentage of 

Hibiscus cannabinus was found to be 66.87%, 53.22%, 38.07% and 92.35%, respectively and reduction 

percentage  of  100%,81.39%, 100% and 100% was observed in Hibiscus sabdariffa (Table 3). 

  However, the most reduction in seedling length related to salinity level of -0.15MPa and -0.30MPa but 

it should be noted that levels -0.30MPa and -0.49MPa had no significant differences (no growth). In this 

relation, it can be said that salinity decrease radicle and plumule growth. Salinity, which is a result of osmotic 

pressure leads to reduction in water absorbance so there is reduction in cell division and differentiation leading 

to reduction of plumule and radicle length which will be explainable. Also the high sensitivity of seedling length 

to salinity stress may be attributed to the reduced transition of nutrients from cotyledons to caulicle under saline 

condition
 
[11]. Moreover, saline condition disturbs water uptake by seed, resulting in the reduction of plant 

hormones and enzymes production which consequently inhibits seedling's growth
 
[11, 12]. This finding is also 

supported by
 
Neumann (1995) where he reported that salinity can rapidly inhibit root growth and hence capacity 

of water uptake and essential mineral nutrition from soil
 
[13].  In plants, salt stress causes reduced cell turgor 

and depressed rates of root and shoot elongation
 
[14], suggesting that environmental salinity acts primarily on 

water uptake. Furthermore, high intracellular concentrations of both Na+ and Cl- can inhibit the metabolism of 

dividing and expanding cells
 
[15], retarding germination and even leading to seed death. Also NaCl may be 

inhibitory to the activities of some enzymes that may play critical roles in seed germination [16].  There are 

many reports which are in agreement with the present findings indicating that salinity stress severely reduces 

seed germination and early seedling growth in safflower
 
[17, 18] and other species such as triticale

 
[18] and 

chickpea
 
[19]. Similar result was observed by Chauhan and Johnson (2009) that the seed germination of jungle 

rice (E. colona) decreased linearly with increasing the NaCl concentration
 
[20]. In addition, Ghazizade et al. 

(2012) showed a significant reduction of seedling length, fresh weight and dry weight was observed due to salt 

stress for all of the studied genotypes
 
[21]. Also, Riti Thapar Kapoor (2011) in the study of Salinity - Induced 

Changes in Germination, Biomass and Physiological  Characteristics of  Oryza  sativa L reported that 

germination and early seedling growth was decreased by increasing salinity stress in Oryza  sativa plant
 
[22]. 

Along with, Amiri et al. (2010) in study of effect of salinity stress on germination and seedling growth indices 

of Cynara scoolymus and Echinacea purpurea reported that seedling dry weight was decreased by increasing 

salinity stress in both medicinal plants
 
[23]. 

 

Table 1: Means comparison of the effect of salinity stress on germination and growth parameters of 

Hibiscus cannabinus. 

 

Note: Means of traits at each column with similar letters did not have any significant statistical difference. 

a,b,c,d  Different superscripts in a raw differ significantly 

RL: Radicle length, HL: Hypocotyl length, PL: Plumule length, GR: Germination rate, PWW: Plant wet weight, 

PDW: Plant dry weight, SVI: Seedling viguor index. 
 

Table 2: Means comparison of the effect of salinity stress on germination and growth parameters of 

Hibiscus sabdarifffa. 

 

Note: Means of traits at each column with similar letters did not have any significant statistical difference. 

a,b,c,d  Different superscripts in a raw differ significantly 

RL: Radicle length, HL: Hypocotyl length, PL: Plumule length, GR: Germination rate, PWW: Plant wet weight, 

PDW: Plant dry weight, SVI: Seedling viguor index. 

Table 3: Reduction percentage of the effect of salinity stress on germination and growth parameters of 

Hibiscus cannabinus and Hibiscus sabdarifffa 

Salinity 

Levels 

(MPa) 

RL 

(cm) 

HL 

(cm) 

PL 

(cm) 

Seedling 

length (cm) 

GR (%) 

 

MC 

(%) 

PWW 

(gm) 

PDW 

(gm) 

SVI 

(%) 

0 6.83±0.48a 3.95±0.12a 1.00± 0.00a 11.78±0.50a 100.0±0.000a 0.2±0.02a 0.13±0.005a 0.11±0.008a 11.78± 0.67a 

-0.05 2.55±0.15b 2.63±0.14b 0.55±0.003b 5.73±0.27b 96.66±0.875a 0.1±0.01b 0.12±0.006b 0.93±0.012b 5.50±0.25b 

-0.15 1.26±0.10c 0.59± 0.00c 0.35± 0.053c 2.21±0.15c 40.00±2.626c 0.09±0.0c 0.05±0.004c 0.06±0.008c 0.88± 0.065c 

-0.30 0.00±0.00d 0.00±0.00d 0.00±0.000d 0.00±0.00d 0.00±0.000d 0.0±0.00d 0.00±0.000d 0.00±0.000d 0.00±0.000d 

   -0.49 0.00±0.00d 0.00±0.00d 0.00±0.000d 0.00±0.00d 0.00±0.000d 0.0±0.00d 0.00±0.000d 0.00±0.000d 0.00±0.000d 

Salinity 

Levels 

(MPa) 

RL 

(cm) 

HL 

(cm) 

PL 

(cm) 

Seedling 

length (cm) 

GR (%) 

 

MC 

(%) 

PWW 

(gm) 

PDW 

(gm) 

SVI 

(%) 

0 3.96±0.38a 6.13±0.11a 1.10± 0.00a 11.30±0.50a 100.0±0.000a 0.2±0.02a 0.16±0.005a 0.10±0.008a 10.78± 0.67a 

-0.05 1.67±0.05b 1.41±0.12b 0.09±0.003b 4.10±0.27b 80.00±0.875a 0.1±0.01b 0.94±0.006b 0.03±0.012b 3.50±0.25b 

-0.15 0.06±0.10c 0.02± 0.00c 0.08± 0.023c 1.21±0.15c 00.00±0.000c 0.09±0.0c 0.05±0.004c 0.02±0.008c 0.08± 0.065c 

-0.30 0.00±0.00d 0.00±0.00d 0.00±0.000d 0.00±0.00d 0.00±0.000d 0.0±0.00d 0.00±0.000d 0.00±0.000d 0.00±0.000d 

   -0.49 0.00±0.00d 0.00±0.00d 0.00±0.000d 0.00±0.00d 0.00±0.000d 0.0±0.00d 0.00±0.000d 0.00±0.000d 0.00±0.000d 
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Parameters Hibiscus cannabinus Hibiscus sabdariffa 

-0.05 (MPa) -0.15 (MPa) -0.05 (MPa) -0.15 (MPa) 

Root Length 62.66% 81.55% 57.82% 95.95% 

Hypocotyl Length 57.09% 90.37% 64.30% 99.49% 

Plumule Length 20.35% 69.02% 45.00% 100% 

Seedling Length 51.35% 81.23% 63.27% 100% 

Fresh weight 25.00% 66.87% 27.69% 100% 

Dry weight 32.25% 53.22% 18.60% 81.39% 

Moisture content 24.35% 38.07% 26.12% 100% 

SVI 53.05% 92.35% 70.84% 100% 

 

 
 

Graph1. Effect of different levels of salinity levels of germination percentage on H.cannabinus 

 

 
 

Graph2. Effect of different levels of salinity levels of germination percentage on H.sabdariffa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Graph3. Effect of different levels of salt stress on root length of H.cannnabinus and H.sabdariffa 
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Graph4. Effect of different levels of salt stress on hypocotyl length of H.cannnabinus and H.sabdariffa 

 

 
 

Graph5. Effect of different levels of salt stress on plumule length of H.cannnabinus and H.sabdariffa 

  

 
 

Graph6. Effect of different levels of salt stress on seedling length of H.cannnabinus and H.sabdariffa 

 

 
 

Graph7. Effect of different levels of salt stress on fresh weight of H.cannnabinus and H.sabdariffa 
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Graph8. Effect of different levels of salt stress on dry weight of H.cannnabinus and H.sabdariffa 

 

 
 

Graph9. Effect of different levels of salt stress on moisture content of H.cannnabinus and H.sabdariffa 

 

 
 

Graph10. Effect of different levels of salt stress on seedling vigor index of H.cannnabinus and 

H.sabdariffa 

 
 

IV. Epilogue 

In the present study, salt stress adversely affected the rate of germination, germination percentage, 

seedling length, shoot length, moisture content, seed viability index, fresh wet and dry seedling weights of two 

Hibiscus species plants (Hibiscus cannabinus and Hibiscus sabdariffa). Overall, it seems that salinity through 

enhancement of osmotic pressure leads reduction of water absorbance and disturbance in metabolic and 

physiological processes will be under its effect. So, it cause more delay in germination following by enhancing 

seed germination duration. In total, it can be concluded that salinity stress significantly decreased all studied 

traits of two plants and the result indicates that the Hibiscus cannabinus is more resistant to salt stress when 

compared to that of Hibiscus sabdariffa. 
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