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ABSTRACT 

The present experiment was conducted throughout two successive seasons (2016 and 2017) at 
the nursery of Horticulture Research Institute, ARC, Giza, Egypt. It aimed to study the individual and 
the combined effects of different lead (Pb) concentrations (0, 300, 600 and 900 ppm) and different 
salinity levels (0, 4000 and 8000 ppm) with application of EDTA at 5% on the growth characters, 
chemical constituents and to evaluate Pb extraction by the halophyte Sesuvium portulacastrum L. 
plant as a profess of phytoremediation. The results revealed that using the highest lead concentration 
(900 ppm) gave the lowest values of plant height, numbers of branches/plant, fresh and dry weight of 
shoots and roots, chlorophyll a, b and carotenoids in both seasons. The plants which received the 
highest salinity level (8000 ppm) attained the highest superiority in plant height, number of 
branches/plant, number of roots/plan, root length, fresh and dry weight of shoots and roots, 
chlorophyll a, b, carotenoids,  total carbohydrates in the leaves, total phenols, and total indols.  The 
interaction between Pb at 0 and 300 ppm and salinity level 8000 ppm increased plant height, root 
number /plant, fresh and dry weight of shoots and roots and carotenoids. Using Pb at 600 ppm and 
salinity level at 800 ppm proved its mastery in raising accumulation of Pb in shoot and root in both 
seasons. The bioaccumulation coefficient (BAC) was increased using Pb at 600 ppm with 8000 ppm 
salinity. Treating plants by Pb at 300 and 600 ppm with 8000 ppm salinity gave the highest values of 
bioconcentration factor (BCF). The translocation factor (TF) values were more efficient for 
phytoremediation at moderate and higher Pb levels.    
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Introduction 
 

Sesuvium portulacastrum L. is a sprawling perennial halophyte and one of the fast growing 
herbaceous, belonging to the Aizoaceae family and is commonly known to accumulate large 
quantities of salts in its above ground tissues, shade tolerance used also for sand-dune fixation and as 
lawns like PlatinumTE Paspalum. Moreover, it is a model promising plant species for 
phytoremediation of heavy metal polluted soils (Zaier et al., 2010 and Ghnaya et al., 2013).  

Phytoremediation, is defined as the use of plants to remove pollutants from the environment and 
(or) to render them harmless, is a low cost, environmentally friendly, and effective method for the 
decontamination of soils polluted by heavy metals (Liang et al., 2017 and McGrath et al., 2001). The 
Phytoremediation method is based on three essential steps conditioning the ultimate deposition of 
metals within the shoots. The first one is that the pollutants absorption through root system followed 
by metal transportation from the roots to the shoots and at last the detoxification and sequestration of 
metals within the shoot tissues. Lead phytoextraction from salty soils is a difficult task because this 
process needs the use of plants which are able to tolerate salt and accumulate Pb within their shoots. It 
has recently been suggested that salt-tolerant plants are additional appropriate for heavy metals 
extraction than salt-sensitive ones commonly used in this approach. 

Preferably, plants used in phytoextraction should present, the following characteristics 
(Sakakibara et al., 2011, Shabani and Sayadi 2012 and Ali et al., 2013) tolerance to high 
concentrations of metals, accumulate high concentrations in their aerial tissues, rapid growth, high 
biomass production, profuse root system and easy to cultivate and harvest. 

Contamination of the environment by heavy metals has increased sharply at the beginning of 
the 20th century, as a result of industrial revolution and excessive population growth, posing major 
environmental and human health problems worldwide (Abdelhafez and Li, 2014). Lead is one of the 
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most abundant heavy metals and its toxic effects cause environmental and health problems because of 
its stability in contaminated site with progressively accumulated in different terrestrial and aquatic 
ecosystems (Tiwari et al, 2013 and Barrutia et al. 2010).  Contamination of lead indicates one of the 
major threats to soil system.  

Salinity is one of the major abiotic constraints, manifesting as osmotic stress at an early and 
ionic stress at later phases of plant growth, consequently affecting plants survival mechanisms at 
cellular, tissue and whole plant level (Hasegawa et al., 2000, Munns and Tester 2008). These 
halophytic plant species are morphologically, anatomically and physiologically well adapted to thrive 
and flourish in soils with high salt concentrations (Flowers and Colmer 2008, Lokhande and 
Suprasanna2012). Salinity increases mobility and availability amount of heavy metals in soils (Acosta 
et al., 2011 and  Kadkhodaie et al., 2012). Addition of Na Cl increased the exchangeable ions of Pb 
which  may enhance it,s   mobility, (Chu et al., 2015). 

Ethylene diamintetra acetic acid (EDTA) is regarded as a highly effective chelate and the 
technique involves titrating metal ions with a complexion agent or chelating agent (Ligand). The 
finding that both H-EDTA and Pb-EDTA are mobile within plants also has important implications for 
the use of metal chelates in plant nutritional research.  The synthetic chelate EDTA forms a soluble 
complex with many metals, including Pb. (Vassil et al. 1998) the finding that both H-EDTA and Pb -
EDTA are mobile within plants also has important implications for the use of metal chelates in plant 
nutritional research.  The addition of EDTA significantly increased the incorporation and transport of 
heavy metals, reduced the uptake of heavy metals by the plant cell wall, and increased the proportions 
of cellular soluble constituents, especially with regard to lead, (Li et al., 2018). 

Recent research has focused on the use of halophytes thus; this study discusses this progress on 
the utilization of halophytes, their tolerance mechanisms to salt and heavy metal toxicity, and their 
potential for phytoremediation in lead metal contaminated saline soils. 

This study was performed throughout two successive seasons (2016) and (2017) at the nursery 
of Horticulture Research Institute, Agriculture Research Center, Giza, Egypt. The aim of this study 
was to find out the effect of ethylene diamintetra acetic acid (EDTA) on lead (Pb) element in salinity 
soil at one level of EDTA (5%), four levels of lead (0, 300, 600 and 900 ppm) and three levels of 
NaCl at (0, 4000 and 8000 ppm) on growth characters, uptake and accumulation of lead in Sesuvium 
portulacastrum plants. 
 
Materials 

Plastic pots of 25 cm diameter filled with about 5 kg of mixture of sand + compost 15% clean 
without lead. The physical and chemical properties of the used sandy soil and compost are presented 
in Tables (a) and (b). 

 
Table (a): The physical and chemical analysis of the used sand in the experiment 

 
Particle size distribution (%) 

S.P. 
Ec 

ds/m 
pH 

(Cations meq/l) (Anions meq/l) 

Soil 

texture 

Coarse 

sand 

Fine 

sand 
Silt Clay Ca++ Mg+ Na+ K+ HCO3 Cl- SO4

- 

 84.26 10.20 0.62 4.92 24.2 7.24 6.8 12.03 5.48 50.91 11.94 0.89 55.78 23.69 

 
Table (B): Chemical properties of the used compost. 
 Macro elements (ppm) Micro elements (ppm) O.C 

% 

O.M 

% 

C/N 

% 
pH 

Ec 

(ds/m) 

Compost 

N P K Ca Mg Zn Fe Mn Cu 

1.41 0.47 1.82 0.17 0.74 28.4 10.2 110 40 12.5 21.5 8.9 8.1 4.1 

 
Procedure: 
 

- Rooted cuttings of 18-20 cm. height and about 5.2 g weight of shoot were selected for planting in the 
two seasons. 

- On April 1st, the plants were planted in 25 cm diameter plastic pots (one plant/pot) in the two seasons. 
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- Plastic pots were filled with 5 kg soil , after which soil was artificially enriched with Pb using Pb 
(NO3)2 salt to each pot in increasing concentrations (0, 300, 600 and 900 ppm) and NaCl  (0, 4000 and 
8000 ppm) each with three replicates. The clean soil without Pb and NaCl was used as a control. Each 
pot in the experiment was one time supplemented one time with EDTA at 5 g /kg−1 dry soil.  
-The experimental design of the two seasons was a factorial experiment in randomized complete 
block design (RCBD), with three replicates. The main plots were assigned to Pb treatments, whereas, 
the sub plots exhibited the different NaCl treatments. Thus, 12 treatments were included in the 
experiment (4 Pb treatments  ×3 salinity levels). Every experimental unit contained 4 plants and every 
treatment was represented by 12 plants. 

Regular agricultural practices such as weeding, fertilization, watering ….. etc were carried out 
whenever needed . 

After 3 months from planting i.e. suitable for harvest, the following data were recorded  
- Plant height (cm) 
- Number of branches/plant 
- Number of roots/plant and root length for the longest root (cm) 
- Fresh and dry weight of shoots and roots (g) 
 
Bioaccumulation coefficient (BAC) 

The bioaccumulation coefficient (BAC) was expressed as a ratio of Pb in shoot to that in soil 
(Li et al., 2007and Cui et al., 2007), calculated as follow: 
Bioaccumulation Coefficient [BAC] = Pb shoot/ Pb soil 
 
Bioconcentration factor (BCF) 

The bioconcentration factor (BCF) was represented as the Pb concentration ratio in plant roots 
to soil (Malik et al. 2010), calculatedas as follows: Bioconcentration Factor [BCF] = Pb in root/ Pb in 
soil  

If Bf > 1, then the plants can be accumulators; BF= 1 there is no influences, and if the BF< 1 
then the plant can be an excluder (Radulescu, et al., 2013).  
 
Translocation factor (TF) 

The translocation factor (TF) depicts the ability of the species for translocation of the metal 
from roots to shoots (Ghnaya et al., 2007). 
TF = Pb2+ in dry shoots (μg g−1)/Pb2+ in dry roots (μg g−1). 
 
Chemical constituents: 

In fresh leaf samples, photosynthetic pigments (chlorophyll (a), chlorophyll (b) and carotenoids 
were determined according to Lichtenthaler and Wellburn (1985) as (mg/g f.w.) Total carbohydrates 
% of dry leaves was determined according to A.O.A.C. (1995). 
-Phenols content in the leaves:  (mg/g f.w.) according to A.O.A.C. (1990). 
-Indoles content in the leaves: (mg/g f.w.) as recorded by Larsen et al. (1962) the concentrations were 
calculated as mg indole acetic acid/100g fresh weight. 
 
 Statistical analysis 

Data were statistically analyzed using MSTAT (1985), whereas Duncan's multiple range Test 
(Waller and Duncan, 1969) was used for elucidating the differences between means of the different 
treatment at 0.05 level. 

 
Results and Discussion 
 
Growth characters 

The growth characters are important parameters used to assess the survival and adaptation of a 
given species to environmental factors that decisively control growth and biomass production. 

It is evident from data in presented Table (1), that using Pb concentration at 300 ppm revealed 
insignificant effects on plant height and number of roots comparing with control in the two seasons. 
Meanwhile, in both seasons Pb 300 ppm showed significant difference comparing with control on 
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number of branches. On the other hand, supplying plants with the highest one (900 ppm) significantly 
decreased plant height and number of branches/plant comparing with that gained from control in both 
seasons. However, significant increment in number of roots, comparing with control and other 
treatments was detected due to supplying plants with the moderate Pb concentration (600 ppm) in the 
two seasons. The length of root hadn’t clear trend with all treatments of lead.  

Plant height, number of branches, length of roots and number of roots were gradually increased, 
with significant differences, commencing from soil saline at 4000 pm, recording the highest mean by 
supplying plants with the highest salinity level of 800 ppm as indicated in, in Table (1). In the matter 
of the interaction, results show cleary that plants which received the highest salinity level (800 ppm) 
and untreated with lead proved their mastery for giving  the highest values of plant height (44.2 and 
45.3 cm) and number of branches ( 122.9 and 125) in the two seasons, respectively and then followed 
those  treated with Pb at 300ppm. The great influence of NaCl in improving growth characters of the 
plant was noticed by Rajaravindran and Natarajan (2012) who proved that the highest numbers of 
leaves, leaf area, shoot length, root length, fresh and dry weights were recorded at 600 mM NaCl 
concentration and the plant growth was significantly improved by salt levels at 200–600 mM 
concentration, as found by Inès et al., 2017 on Sesuvium portulacastrum plant. Also Suprasanna et al. 
(2013) explained it further grows at severe salinity of 1000 mM NaCl without any toxic symptoms on 
the leaves.  
 
Table 1: Effect of different Pb concentrations and salinity levels with EDTA on some vegetative 

growth characters and rooting of Sesuvium portulacastrum L. plant in the two seasons. 

Mean 8000 4000 Control Mean 8000 4000 Control 

Salinity levels 
(ppm) 

Lead  
Concentrations 
 ( ppm ) 

2nd season 1st season  
Plant height (cm)  

40.6a 45.3a 38.8b 36.1bc 40.5a 44.2a 40.3bc 36.9cd Control 
38.8a 44.3a 37. 6b 34.5c 36.2a 43.0a 39.5bc 35.2de 300 
30.9b 33.4cd 30.8de 28.5ef 32.1b 35.5d-f 32.1ef 28.6fg 600 
25.7c 27.2fg 25.6fg 24.3g 26.7c 30.3f 26.4gh 23.3h 900 

 37.6a 33.7b 30.9c  38.2a 34.6b 31.0c Mean 
Number of branches/plant  

107.3a 125.0a 112.0c 85.0e 107.5a 122.9a 110.5b 89.3e Control 
104.9b 120.4b 110.7c 83.5ef 103.7b 118.3a 107.6bc 85.4ef 300 
92.3c 108.3c 96.3d 72.3g 91.5c 102.6c 95.4d 76.6g 600 

80.77d 94.3d 80.0f 68.0h 83.3d 97.1d 83.7f 69.2h 900 
 112.0a 99.75b 77.2c  110.23a 99.3b 80.13c Mean 

Root length (cm)  
21.8c 23.4c 22.5cd 19.5f 20.4b 22.9c 21.1cd 17.3e Control 
24.3a 29.6a 26.1b 17.3g 25.3a 30.2a 27.2b 18.6de 300  

23.17b 26.8b 20.6ef 22.1c-d 24.1a 27.6ab 21.6c 23.1c 600  
20.5d 20.6ef 20.0f 20.9d-f 20.7b 18.1e 22.0c 21.9c 900  

 25.1a 22.3b 19.9c  24.7a 22.97b 20.23c Mean  
Number of roots/plant  

5.53b 6.2c 5.8cd 4.6e 5.67b 6.3cd 5.9cd 4.8e Control 
5.67b 6.0cd 6.0cd 5.0de 5.77b 6.2cd 6.1cd 5.0e 300  
7.84a 9.7a 7.8b 6.0cd 7.87a 9.5a 7.9b 6.2cd 600  
5.97b 6.3c 5.9cd 5.7cd 6.00b 6.4c 6.1cd 5.5de 900  

 7.05a 6.38b 5.33c  7.10a 6.50b 5.38c Mean  
Means within a column having the same letters are not significantly different according to Duncan's multiple range test 

(DMRT)  

 Xu  et al .(2016)  found that the ways in physiological and molecular level adopted by halophytes are 
numerous as well as the changes in photosynthetic and transpiration rate, the sequestration of Na+ to 
extracellular or vacuole, the regulation of stomata aperture and stomatal density. Moreover, the 
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buildup  and synthesis of the phytohormones because the  relevant gene expression underlying these 
physiological traits, like the strain  signal transduction, the regulation of the transcription factors, the 
activation and expression of the transporter genes, the activation or inhibition of the synthetics and so 
on. This review focuses on the analysis advances of the regulation mechanisms in halophytes form. 
 
Fresh and dry weight of shoots and roots 

Significant decreases in fresh and dry weights of shoot and root comparing with control were 
detected due to supplying plants with the highest lead concentration (900 ppm) in both seasons. In 
contrast, significant increases in the same trait were noticed due to treating plants with the lowest Pb 
concentration (300 ppm) comparing with the other  treatments (600 and 900 ppm) in the two seasons 
as presented in, Table (2). Meanwhile, either untreated plants or those which received the lowest lead 
concentration gave means closely near together. On the other hand, positive significant influences on 
the same parameters comparing with control were detected due to applying the different salinity 
treatments in both seasons, where supplying plants with salinity at 8000 ppm proved mastery in 
elevating the same trait in both seasons as, reviewed by Rajaravindran and Natarajan (2012). The 
interaction, revealed the prevalence of treating plants which received the highest salinity level (8000 
ppm) with untreated Pb in elevating the fresh and dry weight of shoot and root in the two seasons. In 
contrast, the lowest record was a result of plant which received the highest Pb concentration (900 
ppm) and untreated with salinity.  
 

Table 2: Effect of  different Pb concentrations and salinity levels with EDTA on the fresh and dry 
weight shoots and roots  of Sesuvium portulacastrum L. plant in the two seasons. 

Mean 8000  4000 Control Mean 8000  4000  Control 

         Salinity levels 
                     ( ppm) 

Lead  
concentrations  
( ppm) 

2nd season 1st season  
Fresh weight of  shoots (g)  

53.6a 62.4a 54.9bc 43.6de 54.5a 64.5a 55.8b 43.2d Control 
52.9a 59.7ab 54.0c 45.2d 55.1a 65. 8a 55.0bc 42.6d 300  
44.7a 56.4bc 42.9de 36.4f 43.6b 52.1c 40.6de 38.1ef 600  
37.3b 43.9d 39.6ef 28.3g 34.1c 40.3de 35.6f 26.3g 900  

 55.9a 47.7b 38.1  55.6a 46.8b 37.6c Mean  
Fresh weight of roots (g)  

5.85a 6.36a 6.14a 5.07b 5.98a 6.40a 6.17a 5.11b Control 
5.60a 6.11a 6.01a 4.74b 5.66a 5.94a 5.99a 5.05b 300  
3.88b 4.73b 3.51c 3.40c 3.90b 4.12c 3.67c 3.93c 600  
3.42c 4.42b 2.95c 2.91c 2.73c 3.56c 2.40d 2.22d 900  

 5.40a 4.65b 4.03c  5.00a 4.55b 4.8c Mean  
Dry weight of shoots (g)  

6.41a 7.49a 6.59bc 5.15e 6.30a 7.37a 6.62bc 4.91de Control 
6.07a 7.25ab 5.93cd 5.03ef 5.92a 7.25ab 6.30c 4.20f 300  
5.49b 6.99ab 5.40de 4.10g 5.47b 6.92a-c 5.21d 4.27ef 600 

4.62c 5.58de 4.45fg 3.83g 4.36c 5.01d 4.14f 3.94f 900 

 6.83a 5.59b 4.53c  6.64a 5.57b 4.33c Mean  
Dry weight of roots(g)  

1.97a 3.31a 1.56bc 1.04d 1.92a 3.20a 1.47c 1.10de Control 
1.85a 3.2a 1.46c 0.95de 1.73b 2.90a 1.39cd 0.91ef 300  
1.17b 1.90b 0.87de 0.74d-f 1.14c 1.93b 0.81ef 0.69fg 600  
0.97c 1.78bc 0.63ef 0.51f 1.01d 1.81b 0.72fg 0.50g 900  

 2.54a 1.13b 0.81c  2.49a 1.09b 0.80c Mean  
Means within a column having the same letters are not significantly different according to Duncan's multiple range test 
(DMRT)  
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Chemical constituents  
 
Plant pigments 

Data exhibited in Table (3), showed that using lead concentration at 300 ppm detected 
insignificant influence on chlorophyll a, b and carotendioes comparing with control in the two 
seasons. However, treated plants with the highest Pb at 600 and 900 ppm significantly decreased the 
chlorophyll a, b and carotendioes comparing with control in the two seasons. 
 
Table 3: Effect of   different Pb concentrations and salinity levels with EDTA on chemical 

constituents of Sesuvium portulacastrum L. plant in the two seasons. 

Mean 8000  4000 Control Mean 8000  4000  Control 

 Salinity levels  
(ppm )     

 
Lead 
 Concentrations 
 ( ppm )   

2nd season 1st season  

Chlorophyll a (mg/g fw)    
0.64a 0.76a 0.61bc 0.55de 0.65a 0.78a 0.60bc 0.57b-d Control 
0.63a 0.75a 0.57b-d 0.56cd 0.63a 0.76a 0.58bc 0.55c-e 300  
0.55b 0.62b 0.56cd 0.48f 0.57b 0.62b 0.57b-d 0.51e 600  
0.50c 0.55de 0.50ef 0.46f 0.53c 0.58bc 0.52de 0.50e 900  

 0.67a 0.56b 0.51c  0.69a 0.57b 0.53c Mean  
Chlorophyll b (mg/g fw)  

0.20a 0.21a 0.20a 0.18ab 0.21a 0.25a 0.22a-c 0.17c-e Control 
0.17a 0.19ab 0.17a-c 0.16a-c 0.19a 0.23ab 0.19b-d 0.16d-f 300  
0.13b 0.14b-d 0.12cd 0.14b-d 0.14b 0.17c-e 0.11fg 0.15d-f 600  
0.11b 0.12cd 0.10d 0.12cd 0.12b 0.13e-g 0.09g 0.14d-g 900  

 0.17a 0.15a 0.15a  0.19a 0.15b 0.16b Mean  
Carotendioes (mg/g fw)  

0.62a 0.70a 0.65ab 0.52df 0.62a 0.73a 0.63b 0.51ef Control 
0.58a 0.68a 0.60bc 0.47e-g 0.59a 0.69a 0.60bc 0.49ef 300  
0.50b 0.54c-e 0.56cd 0.41g 0.51b 0.53de 0.57cd 0.43gh 600  
0.45c 0.45fg 0.49d-f 0.40g 0.46c 0.47fg 0.50ef 0.41h 900  

 0.59a 0.58a 0.45b  0.61a 0.58a 0.46b Mean  
Total  carbohydrates (%)     

47.24a 61.47a 50.01b 30.25f 44.82a 59.34a 50.91c 24.21i Control 
46.79a 53.91b 45.21c 41.25d 44.87a 50.30b 43.34d 40.97e 300  
36.21b 42.03e 34.21e 32.38e 38.05b 41.83f 38.85f 33.47g 600  
27.69c 29.33fg 28.43fg 25.32g 29.56c 30.77gh 30.11gh 27.81hi 900  

 46.69a 39.47b 32.30c  45.78c 40.55b 31.62c Mean  
Total phenols (mg/g fw)  

0.094b 0.101ab 0.097ab 0.084b 0.093b 0.098ab 0.093ab 0.089b Control 
0.104ab 0.120ab 0.100ab 0.094ab 0.101ab 0.105ab 0.101ab 0.097ab 300  
0.117ab 0.133ab 0.120ab 0.099ab 0.101ab 0.131ab 0.122ab 0.100ab 600  
0.131a 0.145ab 0.136ab 0.111ab 0.129a 0.144a 0.134ab 0.110ab 900  

 0.125a 0.113ab 0.097b  0.119a 0.112a 0.099a Mean  
Total indoles (mg/g fw)  

0.882a 0.985 a 0.847b    0.815b 0.921a 1.110a 0.835b 0.817bc Control 
0.777b 0.845b 0.810b 0.675cd 0.798b 0.810bc 0.891b 0.692ed 300  
0.633c 0.685c 0.655c 0.565f 0.671c 0.725cd 0.690de 0.598ef 600  
0.573d 0.605df  0.580e     0.535f 0.583d 0.535f 0.640d-e 0.573f 900  

 0.780a 0.732b 0.646c  0.795a 0.764a 0.670b Mean  
Means within a column having the same letters are not significantly different according to Duncan's multiple range test 
(DMRT)  

 
Total carbohydrates, total phenols and total indoles 

Concerning the effect of the different treatments on total carbohydrates, it is clear from data 
exhibited in Table (3), the mastery of plants supplied with the untreated lead (0ppm) and lowest lead 
concentration (300 ppm), followed with significant difference, by plants which received  moderate 
lead concentration (600 ppm) for increasing total carbohydrates in the two seasons. In contrast, the 
lowest record in the two seasons resulted from plants which received the highest lead concentration 
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(900 ppm) in the two seasons. Meanwhile, the different salinity treatments varied in their effect on 
such parameter.  However, the highest soil salinity (8000 ppm) gave the highest value of total 
carbohydrates comparing with the control in the both seasons. In the matter of the interaction, plants 
untreated with Pb and supplied with the highest soil salinity (800 ppm) gave rise to utmost high value 
in the two seasons. Meanwhile, the opposite was the right for plants which received the highest Pb 
concentration (900 ppm) and treated with all soil salinity levels (0, 4000 and 8000 ppm) which gave 
the lowest means in the two seasons. 

Evidently, data registered in Table (3) reveal that using the lead treatments (0, 300, 600 ppm) 
gave means closely near together, then using the highest lead concentration (900 ppm) gave the high 
value of total phenols in the two seasons. Furthermore, supplying plants with the saline levels (0, 4000 
and 8000 ppm) gave no significant differences compared by that obtained from the above treatments. 
The interaction, on the other hand, revealed that the very close values can be ignored for total phenols 
as a result of treating plants which received all lead concentrations with  all salinity levels. 

The highest total indoles content presented in Table (3) was gained as a result of using the 
untreated lead, followed significantly by that obtained from the lowest lead concentration (300 ppm) 
in both seasons. In this connection, the decrement in total indoles may be due to using the high 
concentration of lead (900 ppm). The different soil salinity treatments, on the other hand, were 
different in their effect on total indoles accumulation. However, it could be concluded that soil salinity 
at 8000 ppm proved its mastery in raising total indoles content in the two seasons. In contrast, 
untreated plants with salinity recorded the lowest means in both seasons. In the matter of the 
interaction, plants which received the highest salinity level (8000 ppm) and untreated with Pb 
recorded the utmost high values in the two seasons. The opposite was the right as a result of plants 
untreated with salinity and highest lead concentration (900 ppm) in the two seasons. 
 
Pb concentration in plant tissues 

Concentration trends of Pb uptake among the different plant tissues (shoot and root) in 
Sesuvium portulacastrum are presented in Table (4). The shoot Pb concentrations were higher than 
the root Pb accumulation as reviewed by Zaier et at, (2014) on Sesuvium portulacastrum plants, the 
highest accumulation of Pb was found in the shoot (3457 and 3599) followed by roots (2935 and 3011 
ppm ) of plants treated by salinity at 8000 ppm with Pb 600 ppm in the two seasons, respectively. 
However, the lowest concentration of Pb was found in the shoot followed by roots in untreated plants 
(control) with salinity at the  low concentration of (Pb 300 ppm) in the two seasons. Meanwhile, lead 
treatment at 600 ppm  caused an increment in the  Pb concentrations in the shoot(3165 and 3299 ppm)  
and root (2650 and 2704 ppm) comparing with other treatments in both seasons, respectively. On the 
other hand, plants treated by salinity at 8000ppm revealed high response in this respect.  

 
Phytoremediation potential 

Concerning the effect on the bioaccumulation coefficient (BAC), bioconcentration factor 
(BCF), data scored in Table (4) indicated that treating plants with the high salinity level (8000 ppm) 
was the best where, it gave the utmost high values in the two seasons. Meanwhile, the highest Pb 
concentration (900 ppm) resulted in the highest mean in the two seasons. With respect to the 
interaction, the significantly increase recorded of BAC (6.39 and 6.21ppm) and BCF (5.66 and 
5.52ppm) were obtained as a result of treating plants by lead at 300 ppm with salinity level of 8000 
ppm in the two seasons, respectively.  

The significantly highest translocation factor (TF) was registered from treating plants by lead at 
900 ppm comparing with the other treatments. On the other hand, the significant by highest record of 
translocation factor (TF) was recorded at untreated salinity in both seasons. Additionally, the 
interaction of treating plants by 900 ppm with control salinity led to significant increase TF in the two 
seasons.  

The bioaccumulation coefficient (BAC), bioconcentration factor (BCF), and translocation factor 
(TF) values facilitate to spot the suitableness of plants for phytoremediation (i.e., phytoextraction 
or phytostabilzation) by explaining the buildup characteristics and translocation behaviors of 
metals in plants. Plants with BCF, BAC, and TF values > 1 are thought-about promising 
phytoextractor, suitable for extraction, while those with BCF and TF < 1 are not suitable for 
phytoextraction/phytostabilzation (Fitz and Wenzel, 2002 and Radulescu et al., 2013).  
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Table 4: Effect of   different Pb concentrations and salinity levels with EDTA on Pb (ppm) of Sesuvium 
portulacastrum L. plant in the two seasons. 

Mean 8000  4000 Control Mean 8000  4000  Control 

Salinity levels 
 (ppm)      

   
Lead 
 concentrations 
 ( ppm)    

2nd season 1st season  
Pb accumulation of shoots (ppm)  

 ---  ---  ----  ----  ----  ----  ---  ---- Control 
1726c 1862d 1893c 1423e 1643c 1916de 1635ef 1379f 300 
3299a 3599a 3334 ab 2964bc 3165a 3457a 3243ab 2795c 600 
2820b 3376a 2919bc 2165d 2703b 3198a-c 2837bc 2076d 900 

 2210a 2036b 1638c  2142a 1928b 1563c Mean 
Pb accumulation of roots (ppm)  

 --- --- --- ---  --- --- --- Control 
1448c 1655ef 1459f 1231f 1439c 1697d 1435de 1186e 300 
2704a 3011a 2823ab 2278cd 2650a 2935a 2727ab 2292c 600 
2360b 2636a-c 2485bc 1959de 2186b 2464bc 2259c 1837d 900 

 1826ba 1692b 1367b  1773a 1605a 1328b Mean 
BAC  

-- --- --- ---  --- --- --- --- Control 
5.75a 6.21a 6.31a 4.74d 5.48a 6.39a 5.45b 4.60c 300 
5.50a 6.00ab 5.56bc 4.94cd 5.28a 5.76ab 5.41b 4.66c 600 
3.13b 3.75e 3.24e 2.41f 3.00b 3.55d 3.15d 2.31e 900 

 3.99a 3.78a 3.02b  3.93a 3.50b 2.89c Mean 
BCF  

 --- --- --- ---  --- --- --- Control 
4.83a 5.52a 4.86ab 4.10cd 4.79a 5.66a 4.78b 3.95cd 300 
4.51a 5.02ab 4.71bc 3.80d 4.42a 4.89ab 4.55bc 3.82d 600 
2.62b 2.93e 2.76ef 2.18f 2.43b 2.74e 2.51e 2.04e 900 

 3.37a 3.08b 2.52c  3.32a 2.96b 2.45c Mean 
TF  

 --- --- --- ---  --- --- --- Control 
4.64c 2.55f 5.27d 6.11c 4.52b 2.82e 5.17c 5.57c 300 
6.31b 4.40e 7.33b 7.21b 6.51a 4.22d 7.65b 7.55b 600 
6.87a 4.01e 8.30a 8.30a 6.57a 3.59d 7.22b 8.91a 900 

 2.74b 5.23a 5.41a  2.66c 5.04b 5.51a Mean 
Means within a column having the same letters are not significantly different according to Duncan's multiple range test 

(DMRT)  

Conclusion 
  

From this study, the halophyte specie, Sesuvium portulacastrum, exhibited enhanced the 
growth characters when using NaCl salinity until 8000ppm. The plants can a strong tolerance and 
accumulation ability to lead when cultivated on Pb-contaminated soil. The user of EDTA has 
significantly promoted Pb translocation from roots to shoots. Furthermore, the value of BCF, BAC, 
and TF the plants have economic and ecological values. Thus, S. Portulacastrum is suitable for the 
remediation of Pb-contaminated saline soil. 
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