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 Salinity defined as the major of abiotic stress factors, which affect several stages in the 
life cycle of the plant. Seed germination and seedling establishment are the most 

important stages in plant growth and development on salinity habitats. Therefore, this 

study was conducted to reveal the tolerance of Molokhia (Corchorus olitorius L.) seed 
with Dead Sea water, sea water, and NaCl.  The growth chamber experiment reported 

the effect of a serial concentration of Dead Sea water, sea water, and NaCl (3‰, 6‰, 

9‰, and 12‰) and deionized water as a control was used on Molokhia seeds. The 
experiment investigated germination percentage, germination rate, germination index, 

and relative germination rate were measured. Early seedling growth measurements, 

stomatal conductance and morphological structure of leaves were also studied. This 
study found that the percentage of germination, germination index and germination rate 

of seeds significantly decreased (P<0.05) as the concentrations of salinity increased in 

all treatments. In addition, the germination percentage and relative germination rate was 
observed no significant (P>0.05) variation between the Dead Sea water and sea water 

treatments at 3‰ and 6‰ concentrations of salinity. Interestingly, 3‰ of Dead Sea 

water significantly increased (P<0.05) on early growth of Corchorus olitorius L. which 
is the hypocotyl / radical length increased and the optimal leaf area 7.60 mm2 was 

recorded.  In addition the results of leaf thickness and stomatal length significantly 

(P<0.05) increased while the leaf succulence significantly reduced (P<0.05). The 
findings of this study revealed that the salt  tolerance during germination stage exists 

within Molokhia that exemplify a genetic material for development of salt tolerance of 

Molokhia. Therefore, more study should be conducted on Molokhia plant to understand 
the ecophysiological strategies for the survival under low salinity environment 

conditions escpically under 3‰ of the Dead Sea water. In addition at 3‰ Dead Sea 

water have expedient to be used for germination Corchorus olitorius L. seed  due to 
increased the biomass of seedling and leaf area. 
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INTRODUCTION 
 

 Salinity and drought are the two major environmental and abiotic stress factors that can reduce productivity 

and development of plants. The salinity of soil and water is caused by soluble salts due to the deterioration and 

dissolving of rock, as well as concentrated as a result of evaporation. Saline soils cover a substantial portion of 

our earth's surface, with estimates varying from 400 to 950 million ha [70, 68]. The problem in the utilization of 

the vast areas of saline soils and the abundant sources of saline water sources around the world is a long-

standing one. One problem is the production of crops in arid and semi-arid regions is the accumulation of salts 

in the soil. Vast areas of land around the entire world have been rendered unproductive due to the accumulation 

of salt, either deposited from irrigation water or a natural source [19, 33]. In response to the problem of soil 

salinity, the crop plants show a reduction in seed germination percentage, plant growth and development stages 

of the plants [21, 33, 58]. This response in the reduction has been observed in many species that are exposed to 

many differing levels of salinity and types of salt [39, 26]. 

 Many researchers have studied seed germination and early seedling growth under various salt environments 

[34,27,38]. The research findings reveal that these are the two critical and sensitive stages in the life cycle of 
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plants. As such, the selecting of salt-tolerant plants is necessary as different species of plants respond differently 

to saline environments [38,25,34]. That is returning to diverse ionic compositions with a range of concentrations 

of dissolved salts in plants [73]. The seeds of halophytes, and glycophytes, germinate best under freshwater 

conditions [27, 25, 7, 72]. However, the germination of halophytic seeds in saline conditions shows better 

results than glycophytic seeds because the former can withstand salinity [38, 49].  Although germination means 

seedling emergence, technically it is the renewal of growth activity that results in fracture of seed coat and 

emergence of the seedlings [14]. Therefore the successful germination and seedling growth depend on the 

amount and frequency of precipitation, and the capability of the seed to germinate and grow when the osmotic 

potential is low and soil moist. The first indicator of plant response to salinity is reduction of leaf expansion. So, 

the anatomy and morphology of the leaves are typically affected by saline culture. Generally, salinity increased 

leaf succulence, delayed growth, lower quantities of specific enzymes, total protein and nucleic acids, while the 

specific activities and concentrations remain constant in accordance with slower growth rate [67, 78]. 
 Corchorus from family Malvaceae, that consists of  50 to 60 species with about 30 species found in Africa 
[20]. The Molokhia is a leading leafy vegetable cultivated, traded and consumed in many countries. In fact, 
Molokhia (Corchorus Olitorius L.) is an essential green, leafy edible vegetable that is mainly known for its fiber 
product, jute and besides its leafy vegetables [32]. The leaves are highly nutritious, rich in proteins, vitamins A, 
C and E, beta-carotene, iron, calcium, thiamin, riboflavin, niacin, and folate. Indeed dietary fiber and essential 
amino acids [71,53]. Also, C. olitorius is a seasonal herb that can grow from 20 cm to a height of nearly 1.5 m 
depending on the cultivar. The stems are spindly with simple rectangular to lanceolate leaves with serrated 
boundary and featured hair-like teeth at the base. The fruit of the plant is an angular capsule while it bright 
yellow flowers are small. The wild species of C. olitorius grow in the Savannah, in fallow or abandoned fields, 
often near lakes, rivers, and swamps, they often grow up to a height of 1250 m. Molokhia grow best in hot and 
humid climates, where the annual precipitation is between 600 to 2000 mm. Also, it grows well in sandy loam 
soil that pushes hard on the heavy clay that is rich in organic matter [18]. The seeds of C.olitorius are a record as 
natural tolerant growing in a broad range of soils and climates [55]. The seeds also display a high grade of 
dormancy that can be split using hot water treatment [63].  In this study, the effect of the Dead Sea water, sea 
water and NaCl at different concentration on the germination behavior and early seedling growth of Molokhia 
that differ in their tolerance to salt was investigated. Growth, biomass, stomata density, and stomata length were 
measured and the morphological structure changes were observed during salt stress.  
 

MATERIALS AND METHODS 
 
Plant material: 
 Seeds of C. olitorius were obtained from Al- Haddad Agricultural Nurseries, Jordan. Seeds were kept in the 
dark and cool room to main the germinability of seeds are  100%.  The experiment was carried out in the Tissue 
Culture Laboratory of Department of Biology, Faculty of Science, Universiti Putra Malaysia from February 
2015 to Jun 2015. 
 
Seed Sterilization:  
 Mature, healthy and equal sized of seeds were sterilized in sodium hypochlorite 10 % (w/v) for 10 min and 
rinsed several times (5-6) with sterilized deionized water according to method reported by Panuccio et al.[57] 
with slight modification.  
 
Salinity treatments: 
 Four different concentrations of Dead Sea water obtained from Jordan, sea water obtained from Port 
Dickson, Malaysia and NaCl (Sigma chemical company, USA), which are 3‰, 6‰, 9‰, and 12‰ (ppt) were 
used and deionized water as a control [6] whereas the salinity of solutions was determined by using salinity 
meter (HANNA® Model HI 98312). 
 
Germination experiment: 
 Mature, healthy and equal sized of Molokhia seeds (25 seeds) were placed on double Whatman filter paper 
(no.1) in sterilized petri dishes (9 cm diameter) containing with 5 ml of deionized water or each salinity 
solution. The petri dishes were hermetically sealed with parafilm to prevent evaporation and kept in the growth 
chamber at 25 ± 1°C.   
 The experiment was conducted in a completely randomized design with four replicates and repeated seven 
times. Seeds were considered germinated when radicle had extended at least 2 mm [60]. The number of 
germinated seeds was recorded daily until day 7. On day 10, the length of hypocotyl, radicle and the biomass of 
each seedling were measured by selecting five seedlings randomly from each petri dish [42].  
 
Germination measurments:  
 Germination percentage (GP), germination rate (GR), germination index (GI), and relative germination rate 
(RGR) for each treatment were calculated according to the following formula: 
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(GP) was calculated using a formula by Kandil et al. [36]: 
              GP =     Number of germinated seeds X 100 
                            Total number of seed sown 
(GR) and (GI) were calculated using a formula by Kader and Jutzi [35]:    
              GR =  ∑ GT1 / T1 + …. + GTn /Tn. 
              GI = ∑ Gt / Dt. 
(RGR) was calculated the following formula  according to Li [42] :  
              RGR = (N1/C1 + N2/C2+ N3/C3· · · + Nx/Cx)/X. 
 
 Whereas GT is the seeds germinated every day, and T refers to the day during the trial; Gt is the seed 
germinated in t days and Dt is the number of germination day corresponding; N is the percentage of seeds 
number germinated each day; X is the number of days from seeding corresponding to N.  
 
Measurement of seedling growth: 
 A total of 20 seedlings from each treatment were sampled randomly on day 10.  The length of hypocotyls, 
radicals, leaves area, and leaf succulent were measured according to the method described by Li [42] The fresh 
weights (FW) of leaves, hypocotyls and radicles were measured followed by oven dried at 70 °C for 72 h 
following the measurement of dry weight (DW) [56].  Leaf succulence was calculated using the formula [74, 11, 
5]. 
              Succulence (g/area) = (FW-DW)/area. 
 
Anatomical Study of leaf anatomy:  
 The fresh leaves were fixed in FFA70 for 6-24 hr. The samples were dehydrated throughout in a serial of 
diluted ethanol [24]. Samples were embedded in wax blocks and sliced into the thin section of 5 µm thickness 
and stained with Safranin O and Fast Green [24]. Anatomical of leaves were viewed under light microscope 
type (Leica DMLB) with (Leica DFC295) camera by (Leica application suite V4) software. The thickness of the 
leaves was measured.  
 
Stomatal conductance and length:  
 Stomatal conductance and length were measured according to the method by Schletz [64] with some 
modifications. Selected section of stomatal conductance was chosen and calculated by using this formula: 
Stomatal conductance = N/ (10* 0.04), where N is the number of stomata per field and 0.04 is the size of field 
by mm2. 
 
Statistical analysis: 
 All data was analyzed using SPSS (window version 21.0., SPSS Inc., Chicago, IL, USA). The analysis of 
variation, One - way ANOVA at (P<0.05) was performed, to determine the significant level between the group 
and within group experiment. Also Tukey (HSD method of multiple comparisons) was carried out to mean 
comparison.  
 
Results: 
The effects of treatments on the germination of Molokhia: 
 This study found that Dead Sea water, sea water and NaCl reduced the germination of Corchorus olitorius 
L. seed as shown in Table 1.  Germination Percentage (GP), germination index (GI) and germination rate (GR) 
significantly reduced (P<0.05) when concentrations of salinity increased for all treatments. Furthermore, 
germination reduced drastically on concentration of salinity more than 9‰, for example, GP, GI and GR in 6‰ 
Dead Sea water are 86.80%, 211.3 and 20.2 compared with 22.8, 41.7 and 5.44 in 9 ‰ Dead Sea water 
respectivley.  
 
Table 1: Means of the germination percentage, germination index, germination rate, and relative germination rate of Molokhia at different 
concentrations of salinity. 

Salinity concentrations Germination percentage Germination index Germination rate Relative germination rate 

Control e98.35±1.49  252.39±0.04 m 22.49±0.10 m g1.00±0  

3‰ Dead Sea water ef93.24±3.00  237.25±0.13 k 21.47±0.19 l fg0.95±0.01 

6‰ Dead Sea water def86.80±4.64  211.29±0.05 h 20.19±0.23 i ef0.87±.06  

9‰ Dead Sea water bc22.88±5.38  41.74±0.04 d 5.54±0.52 d bc0.23±0.10  

12‰ Dead Sea water ab13.72±3.35  21.52±0.02 b 3.07±0.30 c ba0.13±0.08  

3‰ Sea water ef93.91±2.34  239.33±0.02 l 21.46±0.14 k fg0.95±0.01  

6‰ Sea water def89.25±3.12  225.83±0.04 j 20.43±0.15 j efg0.90±0.01  

9‰ Sea water c34.27±5.03  76.43±0.03 f 8.01±0.09 f d0.34±0.06  

12‰ Sea water c25.78±5.52  57.33±0.03 e 5.97±0.14 e cd0.26±0.05  

3‰ NaCl de86.51±2.44  220.07±0.04 i 19.84±0.39 h ef0.87±0.01  

6‰ NaCl d79.66±3.29  188.80±0.04 g 18.90±0.33 g e0.80±0.09  

9‰ NaCl ab13.37±2.074  22.34±0.03 c 3.05±0.10 b ab0.13±0.07  

12‰ NaCl a7.67±1.45  10.50±0.02 a 1.50±0.007 a a6 0.07±0.0 

  Means with different letters are significantly (P<0.05) by Tukey HSD method of multiple comparisons. 
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Table 2: The effect of salinity on Molokhia leaves, hypocotyls, and radicals fresh weight (n= 20, ± SD). 

Salinity concentrations Leaf (mg) Hypocotyl (mg) Radical (mg) 

Control 3.32±.09f 6.32±.07h 3.29±.22h 

3‰ Dead Sea water 4.39±.06h 7.16±.03i 4.06±.05i 

6‰ Dead Sea water 3.24±.13 f 6.08±.06g 2.46±.06g 

9‰ Dead Sea water 2.79±.08b 4.97±.06f 1.31±.11cd 

12‰ Dead Sea water 2.0±.09  a 3.73±.06c 1.01±.02ab 

3‰ Sea water 3.55±.05g 5.08±.08f 3.19±.05h 

6‰ Sea water 3.24±.06f 4.32±.07e 2.12±.08f 

9‰ Sea water 2.50±.06c 3.98±.08d 1.42±.07d 

12‰ Sea water 2.02±.08b 2.95±.09b 1.11±.08bc 

3‰ NaCl 3.25±.07f 4.91±.07f 2.61±.06g 

6‰ NaCl 3.01±.08e 4.19±.04e 1.82±.05e 

9‰ NaCl 2.81±.07d 2.83±.10b 0.99±.09ab 

12‰ NaCl 1.99±.08b 2.28±.09a 0.80±.10a 

Means with different letters are significantly (P<0.05) by Tukey HSD method of multiple comparisons. 

 

Table 3: The effect of salinity at Molokhia leaves, hypocotyls and radicals dry weight (n= 20, ± SD). 

Salinity concentrations Leaf (mg) Hypocotyl (mg) Radical (mg) 

Control 1.92±.078g 4.25±.041h 1.56±.12f 

3‰ Dead Sea water 3.49±.091h 5.04±.051i 3.50±.08g 

6‰ Dead Sea water 1.86±.058efg 3.85±.041g 1.31±.08e 

9‰ Dead Sea water 1.55±.047cd 2.91±.075ef 0.99±.02bc 

12‰ Dead Sea water 1.03±.041a 2.15±.077b 0.59±.05a 

3‰ Sea water 1.89±.077fg 3.02±.080f 1.23±.05de 

6‰ Sea water 1.74±.063ef 2.93±.073ef 1.09±.07cd 

9‰ Sea water 1.48±.084c 2.81±.073e 0.98±.05bc 

12‰ Sea water 1.23±.095b 1.86±.058a 0.70±.08a 

3‰ NaCl 1.73±.084ef 2.61±.062d 1.01±.04bc 

6‰ NaCl 1.69±.068de 2.42±.073c 0.90±.09b 

9‰ NaCl 1.20±.051ab 1.85±.073a 0.62±.07a 

12‰ NaCl 1.03±.052a 1.80±.086a 0.56±.06a 

Means with different letters are significantly (P<0.05) by Tukey HSD method of multiple comparisons. 

 
Table 4: The effect of salinity at Molokhia hypocotyl/radical length, root/shoot ratio, and leaf area (n= 20, ± SD).  

Salinity 

concentrations 
Hypocotyl(cm) Radical (cm) Leaf area (mm2) Root/Shoot ratio 

Control 2.37±.27f 3.69±.41e 5.75±.54g 0.252±.01 k 

3‰ Dead Sea water 2.90±.24g 5.79±.29f 7.60±.45h 0.410±.00 L 

6‰ Dead Sea water 2.37±.21 f 3.63±.36 e 5.70±.58 g 0.230±.01 h 

9‰ Dead Sea water 1.45±.20d 1.26±.14bc 4.20±.63e 0.221±.00 e 

12‰ Dead Sea water 1.08±.09bc 0.82±.03a 2.60±.51bcd 0.185±.01 a 

3‰ Sea water 2.46±.30 f 3.57±.28 e 5.75±.54g 0.233±.01 j 

6‰ Sea water 1.95±.11e 1.94±.13d 4.95±.49f 0.232±.00 j 

9‰ Sea water 1.24±.10cd 1.30±.12c 3.20±.25d 0.228±.00 g 

12‰ Sea water 0.92±.09ab 0.93±.06ab 2.20±.25b 0.226±.00 f 

3‰ NaCl 2.35 ±.16 f 3.58±.24 e 4.90±.39f 0.232±.00 i 

6‰ NaCl 2.07±.15e 1.93±.07d 3.55±.21cd 0.218±.01 d 

9‰ NaCl 0.98±.08abc 0.91±.05a 2.45±.43bc 0.203±.01 c 

12‰ NaCl 0.79±.05a 0.69±.03a 1.40±.31a 0.197±.00 b 

Means with different letters are significantly (P<0.05) by Tukey HSD method of multiple comparisons. 

 
Table 5: The effect of salinity at Molokhia leaf thickness, leaf succulence, stomata density, and stomata length. 

Salinity 

concentrations 
Leaf thickness (mm) Leaf succulence (g/area) 

Stomatal conductance 

)2(Per mm 

Stomata length 

(µm) 

Control a129.05± 0.99  b0.24±.01  d68.33±1.44  f22.06±1.11 

3‰ Dead Sea water b162.46±0.97  a0.11±.007  d64.16±1.44  g22.37±0.96  

6‰ Dead Sea water e218.13±1.10 b0.24±.02  c50.83±2.88 f20.02±2.04  

9‰ Dead Sea water h242.45±1.91 bcd0.29±.02 b40.00±2.50  d16.75±1.80  

12‰ Dead Sea water j267.34±1.67  ef0.38±.03 b37.50±2.50  bc11.00±0.84  

3‰ Sea water c204.48±1.82  bc0.28±.004 c51.66±1.44  f21.52±1.61  

6‰ Sea water f222.70±1.02  bcd0.30±.01 c49.16±1.44  e0.83  16.58± 

9‰ Sea water h243.42±0.56  cde0.32±.02 b37.50±0.00  cd12.62±1.47  

12‰ Sea water k273.64±0.59  def0.36 ±.01 b36.66±1.44  ab11.50±1.09  

3‰ NaCl d215.06±0.72  bcd0.31±.03 c49.16±1.44  f21.68±1.17  

6‰ NaCl g235.19±0.89  f0.42±.03 b36.66±1.44  e±1.10 18.02 

9‰ NaCl i256.04±0.65  g0.65±.02 a23.33±1.44  ab9.96±0.71  

12‰ NaCl l291.42±0.87  g0.68±.05 a21.66±1.44  ab9.11±0.88  

Means with different letters are significantly (P<0.05) by Tukey HSD method of multiple comparisons. 
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Fig. 1: Show the effect of different salinity treatments on leaf anatomy of Molokhia is presented as follow: (A) 

control; (B) Dead Sea water 3‰; (C) Dead Sea water 6‰; (D) Dead Sea water 9‰; (E) Dead Sea water 

12‰; (F) Sea water 3‰; (G) Sea water 6‰; (H) Sea water 9‰; (I) Sea water 12‰; (J) NaCl 3‰; (K) 

NaCl 6; (L) NaCl 9‰; (M) NaCl 12‰. Where P: Palsaide cells, S: Spongy cells, Vs: Vascular bundel 

tissue, St: Stomata, Sc: Stomata chamber, Ic: Interacellular space, Ue: Upper epiderm, Le: Lower 

epiderm. 

 

The Effects of treatments on early seedling growth of Molokhia: 

  

 The impact of salinity on the seedling growth of C. olitorius (leaf biomass, hypocotyl biomass and radicle 

biomass) significantly affected by salinity summarized in Tables 2 and 3. The fresh/dry weight of the plant was 

significantly reduced (P<0.05) when the concentrations of salinity increased. Interstingly, 3‰ Dead Sea water 
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recorded that growth is  positively correlated (P<0.05) with the fresh/dry weight results of leaf, hypocotyl, and 

radicle.  The Findings are also indicating that the symptoms of salt toxicity appears at high levels of salinity; 

9‰ and 12‰ of Dead Sea water, sea water, and NaCl.  

 Results of salinity treatments versus leaf area, leaf succulence, root/shoot ratio and (radicle, hypocotyl) 

length, demonstrated in Tables 4 and 5. leaf area, root/shoot ratio and (radicle, hypocotyl) length significantly 

decreased (P<0.05) when concentration of salinity increased for all treatments, except at 3‰ Dead Sea water. In 

addition 3‰ Dead sea water had more effects on the length of radical than hypocotyl. Moreover leaf succulence 

per area (water content in leaf) increased when salinity increased, in opposite 3‰ of Dead Sea water showed the 

lowest significant (P<0.05) value of leaf succulence per area within control or all other treatments. 

 

Leaf anatomy, stomata density, and stomata length: 

 

 Table 5 shows the anatomical structure of leaf changed with Dead sea water, sea water and NaCl. Stomatal 

conductance in treated leaves decreased when salinity increased for all treatments comparison with the control 

treatment as shown in Table 5. 3‰ Dead Sea water recorded significantly (P<0.05) the highest mean value 

comparison with 3‰ of sea water and NaCl treatments, also the stomatal conductance indicating no significant 

(P>0.05) decrease between 3‰ of the Dead Sea water and control treatment. Stomata length also decreased as 

the concentration of salinity increased except at 3‰ of the Dead Sea water treatment showed significantly 

increased of stomata length (P<0.05). 

 Table 5 and Figur 1 shows leaf thickness and the anatomical structure of leaf changed with Dead Sea water, 

sea water and NaCl treatments. The thickness of the leaf increases with salinity increases in C. oiltours leaf 

(P<0.05). Spongy cells were showed clearly denser in leaves treated by high salinity (9‰ and 12‰) in all 

treatments than in untreated leaves (Figure 1 (D-E-H-I-L-M)). As a consequence, the intercellular spaces in the 

spongy tissues in treated leaves were smaller at high salinity concentrations than untreated leaves (Figure 1 (D-

E-H-I-L-M)). Also, intercellular spaces in the spongy tissues of treated leaves at low salinity levels of all 

treatments were bigger than untreated leaves (Figure 1 (B-C-F-G-J-K)). The light microscopic photograph 

showed that the leaves have high stomata numbers in control and low salinity concentration of all treatments 

comparison with the high salinity concentration of all treatments. 

 

Discussion: 

 

 Seed germination and early seedling growth are important stages in the history of plants and salt tolerance 

under various salinity concentrations, so the primary suspicion for this static was that the plant having the 

highest tolerance during germination phase will be the most tolerant succeeding in growth phases. The 

responses of salt on the germination rates and percentages of germinated seeds at a particular time differ 

condiserably among species and cultivars [40]. Little is known about seed germination and erarly seedling 

growth of Molokhia leafy vegetable to salinity abiotic stress, and  no previous study about the effect of the Dead 

Sea water on seed germination and early seedling growth of Molokhia. This study found that the germination of 

Molokhia (Corchorus olitorius L.) seed with Dead Sea water, sea water, and NaCl significantly reduced with the 

increased the percentage of salinity. Interestingly, we have found that the germination of Molokhia showed that 

the mechanisms of (Corchorus olitorius L.) seed were influenced by percentage of salinity. Seed germination in 

saline condition is affected by salinity in several ways. therefore, salinity have an effect on seeds germination 

through creating the external osmotic potential that restrict water uptake [17]. Thus, it is thought that increasing 

the percentage of salinity cause osmotic pressure increased in Corchorus olitorius L seed that eventually entry 

of water into seed also decreased.  In addition, higher percentage of salinity which is more than  6‰, causing the 

germination of Corchorus olitorius L seed reduced drastically. This results indicated that high percentage of 

salinity effects on the seed metabolisms that consequently the germination of Corchorus olitorius L seed 

reduced drastically.  Bouaziz and Hicks [9] and Ratnakar and Rai [59] reported that salt stress caused delay in 

seed germination as it hampers the metabolism of stored materials.  

 According to  Hasegawa et al. [30], salt composition, salinization is implicated from different anions and  

cations, but the most important cations and anions are Na+ and Cl- where Cl- causes imbalances of nutrient  and 

high toxicity in plants whereas Na+ cause distribution of soil.  Therefore, the effects of toxicity of sodium and 

chlorine ions on the germination seeds has adverse effects on the density and yield of plants [54, 37]. The results 

of this study are supported by Munns [50] and Mguis et al. [47], whereby the factors that negatively affect of 

seed germination incorporate sensitivity to salt tolerance and drought stress. Moreover, Jamil and Rha [34] 

reported that the germination percentage and germination rate of Cabbage and sugar beet declined as when the 

concentration of salinity increased. Therefore, the widespread level of tolerance to the low concentration of the 

Dead Sea water and sea water and the high percentage of germination of seeds at 3‰ of sea water/Dead Sea 

water is an indication that the exclusion of Molokhia from  saline environment cannot mainly be the result of 

any negative effect of salinity on seed germination.  However, that seeds treated at high levels of salinity failed 
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to germinate at a salinity of lower levels may be important in the exclusion of species from the saline 

environment. 

 Dead Sea water, sea water and NaCl also have effects on the growth of early seedling of Corchorus 

olitorius L. The seedling growth of Molokhia treated in 3‰  Dead Sea water significantly increased  compared 

with control. This means that Molokhia seedling grown at 3‰ Dead Sea water was reached a relatively higher 

fresh/dry weights without any signs of toxicity symptoms. That regard to the salt contains, the Dead Sea water 

contains raw materials for plant fertilizer [48]. On the other hand, this study found that 9‰ and  12‰ Dead Sea 

water, sea water and NaCl significantly reduced on the early growth of  Corchorus olitorius L. seedlings. This 

reduction is due to the osmotic potential that inhibits the absorption of water and intake of nutrients by radicle 

[29]. The first plant parts that are directly connected with soil where absorb water and supply of water to all 

parts of the plant are the radicle and hypocotyl. Jamil and Rha [34] reported that the lengths of radicle and 

hypocotyl are the most important characteristics of salt stress. The length provides an important proof of the 

response of plants to salt stress. At low concentration of salinity 3‰ and 6‰ of sea water and NaCl treatments 

the degeneration of radicle and hypocotyl development may lead to effects of toxicity of the Na+ and/or Cl- in 

their tissues due to an unbalanced intake of nutrient and osmotic stress [15,28]. Meanwhile, at high salinity 9‰ 

and 12‰ of sea water and NaCl treatments, the elongation of radicle/hypocotyl is inhibited and causes 

nutritional imbalance in the plant. This is due to interference of saline ions which leads to the accumulation of 

ions, especially Na+ and Cl-, causing toxicity and slowing down the absorption of water [76,28].  

 The effect of these three type of salinity on the leaves thickness, leave area, succulence, stomatal 

conductance and length of C.olitorius was also studied.  The most dramatic response to salinity and measurable 

of the whole plant is decreasing of stomatal pores. Stomatal responses occur as a result of the salts outside and 

around the roots that cause osmotic effects [51]. The impact of salinity on stomatal conductance is more 

noticeable than stomatal length in Molokhia. The leaf thickness and  leaf succulence significantly  increased as 

the percentage of salinity increased. On the other hand, stomata conductance and length significantly reduced 

when salinity increased, except at 3‰ Dead Sea water. In addition,  decline in the stomatal conductance for 

treatments of the sea water and Nacl showed similarities. Accordingly, salinity effects on stomatal conductance 

directly among to synthesis of abscisic acid (ABA) and perturbed water relations[51, 3, 4].  Schroeder et al. [66] 

and Schroeder [65] showed that the stomatal opening mechanism induce the inhibition of K+ in guard cells on 

the plant treated with salinity. Sivaguru et al. [69] and Yin et al. [77] also reported that salinity  treated plants 

inclined towards stomatal closure and the induction of abscisic acid that coordinates, K+/ Cl- ion channels at the 

plasma membrane of the guard cells. This lead to stomatal closure due to reduced transpiration [41]. There are 

effects of salinity stress on the structure of stomatal are obvious have developed techniques that enable the 

survive in stressed conditions. For example, wheat plant and other cereals to overcome turgor loss and stomatal 

closure for variety amount of water [61]. In this study, Molokhia seedlings respond differently to the three types 

of treatments with four levels of concentration each. The NaCl treatments showed the highest of leaf thickness 

and succulence and the highest reduction in stomatal conductance and  length. This findings suggests that 

Corchorus olitorius L. seedlings treated with NaCl appear to be more sensitive to  than Dead Sea water and sea 

water. This findings are agreement with Farshidi et al. [22]. In fact, the closing of stomata is a very effective 

measure in the protection for plants, especially these prone to critical stress levels [23]. The values for Nacl, sea 

water and the Dead Sea water proposed that this levels of stress stimulate the critical leaf water potential except 

at 3‰ of the Dead Sea water. So the stomatal pores initiation to closure and narrow, causing stoppage of CO2 

uptake for photosynthesis and stomatal transpiration [31,2,45,62]. Whereas the other resistive mechanisms of 

3‰ of Dead Sea water treated plants may associated with the aggregate of hairs around the stomatal aperture, 

that enable the increase of stomatal resistance to water loss [52,1]. 

 Loreto et al. [44] were observed the relationship between stomatal conductance, mesophyll conductance, 

and mesophyll thickness. The findings revealed there was a positive correlation between the stomatal 

conductance and mesophyll conductance that affect diffusion of CO2  and rate of photosynthesis inside leaf 

cells. Thus, mesophyll thickness was inversely correlated with mesophyll conductance and leaf porosity. Further 

reduction in K+ content under the condition of increased salinity may damage the photosynthetic machinery 

[13], thereby decreasing the rate of growth under salt stress. 

 In the present study, the leaf area is decreased by (33% – 43.4%), (59% - 100%) for treatments of salinity 

stress for NaCl and sea water respectively. There is an increase of 132% for treatment at 3‰ of the Dead Sea 

water whereas the leaf area is decreased by (45.2%- 99.1%) for treatments at 6‰, 9‰, and 12‰ of the Dead 

Sea water.  Dead Sea water  contains the raw material that act as plant fertilizer [48]. 

 In last study Meiri and Poljakoff-Mayber  [46] obtained bean leaves when exposed to salinity, the leaf area 

growth decreased (which to a certain extent depends on cell division) and increased in thickness of leaves, thus 

the increasing of leaves bean thickness due to increasing of palisade layer and the size of spongy cell (mesophyll 

layer), in addition the thickness of the epidermal cells changed, as the number of cells per area unit that regarded 

to the expansion of both epidermis cells upper and lower, which appear the salinity affected on the extension of 

both epidermal cells more than cell division. Further, published data that salinity increases succulence and leaf 



113                                                                   Ayat Taneenah et al, 2015 

Advances in Environmental Biology, 9(27) December 2015, Pages: 106-116 

 

thickness in plants like Cakile maritime [16], Nitraria retusa, and Atriplex halimus [10] Brassica napus L. [22] 

are similar to the present results. Debez et al. [16] showed that succulence is one of the adaptations to increased 

salinity. These results are consistent with the investigations on other glycophytes as Gossypium hirsutum [43] 

and Hordeum vulgare [12].Increased leaf thickness by limited water passing and the constraints to save water 

renders the leaves succulent. Thus, increased leaf succulence by salt sequestration within the hypodermal tissue 

was a salt managerial method [75].Increasing of leaf thickness can be referred to the water storage in the 

hypodermal tissue, which affected of leaf thickness values especially under high salinity. Therefore, salinity 

stimulates the increasing of leaf thickness and fresh weight owing to water storage perhaps contributes to 

decreased toxicity of salinity [22]. 

 Submicroscopic study found that  shoots of Corchorus olitorius L. seedlings treated with Nacl, it is found 

the succulence increased causing the cells bigger more than the cells of the another treated leaves or/and control 

leaves, that prefers of Cl- effects on the intracellular spaces [8]. An interesting finding is not many 

submicroscopic changes take place in the treatment of salinity from the Dead Sea. Blumenthal-Goldschmidt and 

Poljakoff-Mayber [8] investigated the effects of different concentration of salinity on A. halimus leaves. The 

finding revealed that NaCl and Na2So4 salinity caused similar changes in the anatomy of the leaves. However 

the changes that take place for Na2So4 less server than NaCl, while the leaves of plants that grow naturally near 

the Dead Sea water showed no such changes on the anatomical leaves of the plants that are less than one year 

old, whereas the plants have been exposed to the Dead Sea water for long time may damage the internal cellular 

structure as found during the anatomical examinations of the plants [8]. 

 

Conclusion: 

 

 Corchorus olitorius L. showed high tolerance to Dead Sea water, sea water and NaCl up to 6‰. Dead Sea 

water at 3‰ have potential to be use for germination Corchorus olitorius L. seed  due to increased the length of 

hypocotol, radicle and leaf area. of this means Molokhia has an especially mechanism for tolerance of salinity 

stress at low concentration of the Dead Sea water at the seedling stage. Meanwhile, at the germination stage 

seeds germinated well but not as good as the control. This implies that the salt tolerance of plants varies at 

different stages of plant development. The level of salt tolerance at the germination phase may vary from that at 

the seedling phase and/or growth phase. As such the plant is equipped with numerous strategies for survival in 

the different phases of development. It is also found that plants of the same species have different ways of 

dealing with the various types of salinity. Therefore, further research is necessary to determine whether plants 

demonstrate some general patterns of salt tolerance at different stages of development. 
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