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ABSTRACT

The study reported the effect of contamination of Sesuvium portulacastrum L. after exposure to Ag and Pb for
four weeks. The results showed that the total protein, chlorophyll, carotene, and biomass declined gradually by
elevating the heavy metal concentrations. Elemental analyses of the leaves were performed using scanning
electron microscopy with energy—dispersive- X-ray spectroscopy (SEM-EDS). The main mineral of control
treatment contained 11 elements including carbon (57.50%) followed by oxygen (22.76%) and trace iron and lead.
The minerals in the leaves treated with 100 mg L Pb exhibited 12 elements with high levels of lead (52.03%).
The leaves treated with 100 mg Lt Ag showed 11 elements with high levels of silver (43.02%) followed by carbon
(34.95%) and oxygen (11.18%). Anatomical study indicated that the Ag and Pb can accumulate in internal tissues
and causes several alterations such as shape of leaves, stems and roots, as well as thickness and number of cortical
parenchymal cells. In addition, unrecognized the endodermis, and exodermis, the root thickness was 663.21 um
in control group, while in Ag and Pb treatments were 498.32 um and 375.61 um respectively.
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INTRODUCTION

Heavy metals are serious pollutants and can adversely affect the environment, especially agricultural soils (Azizi
et al. 2020; Budovich 2021; Saleh Ibrahim et al. 2022; Naser et al. 2022). Plants can accumulate these elements
and thus affect downstream organisms (Ali et al. 2013). S. portulacastrum (L.) also called sea purslane, belongs
to the Aizoaceae family. It is a perennial succulent and facultative halophyte, grown in backshore zones of rocky
shores, coastal beaches, estuaries, tidal flats, and margins of salt marshes (Lokhande et al. 2013). S.
portulacastrum can accumulate and tolerate high concentrations of metals from contaminated sites via
phytoremediation without involvement from thiol metabolism (Lokhande et al. 2011). In addition, S.
portulacastrum can tolerate and accumulate salts; thus, they are better suitable to phytoextraction of heavy metals
from salty soils (Zaier et al. 2010). The role of S. portulacastrum in accumulating pollution has been studied by
many authors. Ghnaya et al. (2005) investigated the effects of accumulated cadmium, potassium, and calcium
concentrations in tissues on the growth of S. portulacastrum. Ghnaya et al. (2007) found high toxicity of the Cd
in the plants as a result of uptake of a large disturbance of the essential elements. Kalaikandhan et al. (2014)
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studied the effect of Cu and Zn on the pigment content such as carotene and chlorophyll A, B, as well as the total
chlorophyll seen in S. portulacastrum. Ayyappan et al. (2016) studied S. portulacastrum grown in soil
contaminated with heavy elements: The pollutants increased in the leaves versus the root and stem.
Bioaccumulation and tolerance of cadmium and copper were also reported on seedlings of S. portulacastrum by
Feng et al. (2018). The effects of Cu and Zn on the biochemical and ecophysiological contents of S.
portulacastrum were examined by Kalaikandhan et al. (2018). SEM/EDS microanalysis is an important
analytical method to study contamination (Miler & Gosar 2009). The SEM morphological changes and
distribution of different elements in pollution of cell scan are evaluated using SEM-EDX techniques (Raize et al.
2004). This technique was employed to evaluate the toxic contamination in the S. portulacastrum leaves, roots,
stems, fruits, soil, and water by some authors (Shakti & Sunita 2016). Our study evaluates the effects and
accumulations of different concentrations of Ag and Pb on S. portulacastrum. SEM/EDX was used for qualitative
and quantitative chemical analyses of the specimens.

MATERIALS AND METHODS

Plant material

Experiments were managed in Science College, Biology and Ecology Department at Basrah University. S.
portulacastrum were collected after rhizogenesis, grown in the laboratory, and then were added a various
concentrations of Ag and Pb for four weeks (control without heavy metals: 10, 25, 50, and 100 mg L* and the
interaction between Ag and Pb = Ty, T1o, T2s, Tso, T100 and Tag e pb). After four weeks, 10 plants were harvested
for analyses. The samples were taken, and their weights were stabilized to estimate the biomass. The physical and
chemical properties were determined using standard methods.

Preparation of concentration

The standard solutions were made by taking a dilution of Ag and Pb standard solutions (1000 mg L) form of
nitrate Pb (NO3)2 and Ag (NOs). Solutions were prepared and stored at 4°C. Analytical standard solutions (10, 25,
50 and 100 mg L*) were made from these stock solutions via serial dilutions according to the mitigation law.

N1 xV1=N2xV2

Estimation of photosynthetic pigments

The chlorophyll contents of fresh leaves were determined in 80% acetone via the literature (Arnon 1949). We
prepared 10, 15, 25 and 100 mg L. Then, 1 g of the sample was weighed via a Sartorius BL.210 balance and then
grind with 20 mL of 80% acetone and filtered. The granules were re-extracted by 10 mL of 80% acetone until it
become colourless. The chlorophyll in fresh leaves was determined using a spectrophotometer at 660 and 645 nm
and reported in mg g* of leaves. The chlorophyll concentration was determined by the formulae below:

Total chlorophyll (mg L) = [20.2 (Dess) + 8.02 (Dgss)] X V/1000 x W

Chlorophyll a (mg L) = [12.7 (Des3) - 2.69 (Dess)] X V/1000/W

Chlorophyll b (mg L) = [22.9 (Deas) - 4.68 (Dess)] x V/1000/W

where:

D = length of light path in the cell (1 cm)

V = volume (in mL) of the extract.

W = fresh weight (g) of sample.

Carotene estimation

The carotene contents were estimated by the method of Kirk & Allen (1965). The same chlorophyll extract was
measured at 440 nm in a spectrophotometer to predict the carotene.

Carotene (mg L) = [4.695 (D (C)) — 2.88 (D. (a)) + (D (b))] x VV/1000/W

Nitrogen and protein estimation
The nitrogen in the plant samples was estimated according to the literature (Cresser & Parsons 1979). The biomass
was estimated for fresh samples collected after 72 hours of exposure reporting in fresh weight m-2,

Anatomical study of S. portulacastrum
Fresh material of 100 mg L* S. portulacastrum was collected after one week from treatment. For anatomy of
samples, fresh material of leaves, stems and roots were fixed 24 hours in acetic acid (5 mL): formalin (5 mL):
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alcohol solution (90 mL) preserved in 70% alcohol, then dehydrated in ethyl alcohol series. The samples were cut
using a rotary microtome, and then stained in safranin and fast green followed by mounting via Canada balsam
(Johansen 1940). The samples were observed by Olympus CH4 light microscope and photographed by digital
camera DCE-2.

SEM and EDX microanalysis observation

The samples were treated to various concentrations of Pb and Ag for 30 days. Leaves of S. portulacastrum were
collected and dried in an oven at 60 °C for 24 hours. Leaves over 10 cm in diameter were sampled. Plant samples
were vacuum air-dried using an EDX Microanalyzer including. The 1-3 mm of leaves were used for the SEM
analysis. We determined the Ag and Pb via SEM-EDX spectroscopy and reported atomic weight percent in S.
portulacastrum as described (Islam et al. 2007).

Statistical analysis

Statistical package SPSS (Version 13.0) was used to determine the significance difference between treatments via
least significant difference (LSD). Data were tested at a significance level of p <0.05 by one-way analysis of
variance (ANOVA). All values were calculated as the means of three independent replicates.

RESULTS AND DISCUSSION

Chlorophyll estimation

Table 1 summarizes the results of the Pb, Ag, and interaction between them on chlorophyll a, chlorophyll b and
total chlorophyll. Total chlorophyll levels were reduced by elevating the Pb and Ag concentrations. At the last
week of experiments, we compared the 100 ppm concentration with the control. The control group exhibited a
chlorophyll a value of 1.087 mg L™ at baseline. It decreased to 1.084, 1.074, 0.974, and 0.825 mg L* by Tepio,
Tenzs, Teoso and Teoioo, respectively. The chlorophyll b was 0.674 mg L™ at Tepioo (Table 1), and the total
chlorophyll of leaves reduced by rising Ag concentration: 0.973 and 0.874 mg L, respectively, at Tagico. Total
chlorophyll was 1.002 mg L (Table 1). The Tey & aq appeared to decrease in chlorophyll concentration: It was
0.794 and 0.605 mg L at T1o0 for chlorophyll a and b, respectively. The Ag- and Ph-treated plants showed a
gradually decrease in chlorophyll by elevating the heavy metal concentrations. The Ag and Pb toxicities inhibit
many metabolic processes by inhibiting photosynthetic pigment synthesis in chlorophyll while also inhibiting
enzyme activity (3-aminolaevulinic acid dehydratase and protochlorophyllide). It also inhibits the Calvin cycle.
Our results are in agreement with previous work (Kalaikandhan et al. 2014). The results signalled increased total
chlorophyll and chlorophyll b content of S. portulacastrum at low concentration (Tep 25). They decreased at Tepso
and Teni00. Higher levels show that S. portulacastrum plants salient depression in photosynthetic pigments
(Kalaikandhan et al. 2014). The chlorophyll attribution (a/b) in Pb and Ag stress showed that chlorophyll b is
sensitive to Ag and Pb. Heavy metal causes a reduction in electron transport and affects photosystem Il. The
leaves in polluted environmental conditions have irregular chloroplast shapes with pockets inside the organelles.
This leads to larger surfaces of the chloroplasts leading to an increase in the total number of materials exchanged
between the cytoplasm and chloroplasts.

Table 1. Effects of Ag and Pb concentration on total chlorophyll content (mg/l fresh weight) on S. portulacastrum as a
function of exposure times (days).

Heavy metals Photosynthesis pigments Concentration
(ppm)
0 10 25 50 100
Pb Chlorophyll a 1087 1084 1.074 0974 0.825

b 0969 0953 1.033 0983 0674

total 1.981 1.054 1.066 1.028 0.882

Carotene 0.708 0.674 0.702 0.704 0.564

Ag Chlorophyll a 1087 1093 1.089 1.009 0.973
b 0969 00971 00956 0933 0.874

total 1.981 1.893 1755 1.082 1.002

Carotene 0.708 0.677 0.673 0577 0.377

Interaction between Pb and Ag Chlorophyll a 1087 1064 0976 0.894 0.794
b 0969 00944 0.994 0967 0.605

total 1.981 1.026 1.034 0985 0.874

Carotene 0.708 0.669 0675 0681 0534
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Carotenoid Estimation

The carotene concentration decreased in all treatments versus control: It was 0.377 mg L™ in Tag00 When treated
with Ag (Table 1). The carotenoid content is inhibited in response to Ag and Pb toxicities and indicates a severe
effect on the cell and its component parts. Decreases in carotenoid contents are in line with the literature (Mourato
etal. 2015). Many authors have reported that carotenoids protect the compaosition of chlorophyll and cells against
ROS under contamination stress due to replacement of peroxidation and demolition of chloroplast membrane
(Keunen et al. 2013; Mourato et al. 2015). The results in Table 1 showed that Pb concentrations at 25 ppm and
50 ppm (Teo2s and Tepso) exhibited higher negative effects than at 10 and 100 ppm (T ebi0and Tewioo). This is because
carotenoid content increased to protect the cell against these contaminants. The levels also, increased to 0.704 mg
L at Teuso. The Tenico degraded carotenoid pigments (0.564 mg L) by activating some mechanisms (Parmar &
Singh 2015). The increase indicates the important role of carotene in detoxifying ROS. However, higher levels of
metal and ion toxicity can affect photosynthesis leading to a destruction of the chloroplast ultrastructure (Keunen
etal. 2013; Mourato et al. 2015). Chlorophyll and carotenoids were markedly affected. The hydrogen peroxide
and malondialdeyde levels increased due to oxidative stress (Shakoor et al. 2014; Mourato et al. 2015).

Protein Estimation

Table 2 depicts Ag and pb on total protein of S. portulacastrum at 10, 25, 50 and 100 ppm versus control group.
The total protein content decreased by elevating heavy metals. S. portulacastrum was more effective to Ag, and
the total protein reached 6.57%. It was 8.99 % in T agi00, While in T pp & ag Was 7.83 % at 100 ppm.

Table 2. Effects of Ag and Pb on protein and accumulation content in S. portulacastrum.
Concentrations Heavy metal

Pb Ag Pb + Ag

Protein 0 13.07 13.07 13.07
content 10 11.02 16.22 11.87
25 9.75 14.06 9.55
50 9.06 11.19 9.76
100 6.57 8.99 7.83

Accumulation (mg g) 0 0 0 0
100 5428 2217 27.06

The decreased protein content in treated S. portulacastrum is similar to the literature (Guo et al. 2007; Zengin and
Kirbag 2007: Al-Hakimi & Hamada 2011). Treatments with 10 and 25 ppm Ag (T agio and Tages) increased the
total protein levels under contamination stress. This is due to the creation of stress proteins found in the Krebs
cycle such as enzymes. There are many reasons for the decreased protein levels under contamination stress such
as rises in protease activity and DNA-protein cross-links (Palma et al. 2002; Atesi et al. 2004) which decrease
the synthetic protein degradation. The Ag and Pb might decrease protein contents by the reduced uptake of K and
Mg. The binding of elements with sulfhydryl groups might be related to the Krebs cycle enzymes, phytochelation
biosynthesis, glutathione, or their replacement with metalloproteins (Pal et al. 2006). A decrease in protein
content may result in the upraised protease activity in various structural and fragmentation of proteins. This can
occur in DNA-protein cross-links (Palma et al. 2002; Hall 2002; Atesi et al. 2004).

Accumulation of Pb and Ag

Accumulation of Pb and Ag in S. portulacastrum treated with 100 ppm of Pb or Ag resulted in a lower
accumulation (22.17 pg g*tin fresh weight for Ag). This was 54.28 g g in fresh weight for Pb (Table 2). The
results indicated that S. portulacastrum can accumulate heavy metals. The metals enter roots and store in roots or
translocate to shoots by the xylem. In addition, the metals can bind toxic elements at cell walls of leaves and roots
or make up complexes with the organic acids or proteins. In other plants, the cells of root prevent translocation of
heavy metal from the roots to above-ground tissues (Paivoke, 2002; Ghnaya et al., 2005).

Biomass Estimation

Table 3 depicts alterations in the biomass as a result of heavy metal treatment. Biomass decreased by elevating in
the Pb and Ag concentrations; the biomass in Sesuvium treated with Pb, Ag, or both at 100 ppm was 7.173, 6.401,
and 5.776 g respectively. The highest values of Pb and Ag content caused the leaves to be oblong. The Pb and Ag
treatments reduced the biomass production of S. portulacastrum versus the control similar to the literature (Zaier
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etal. 2010). Lead decreased in root water absorption leading a significantly shorter shoot versus other treatments.
Several groups have shown that heavy metals severely affect the water status of sensitive-metal species by osmotic
potential of cell sap. This can affect transpiration and water content (Patra et al. 2004; Vernay et al. 2007).

Table 3. Effects of Ag, pb on biomass, total nitrogen of leaves and stem length in S. portulacastrum.

Factor Concentration Pb Ag Pb + Ag
Biomass 0 10.524 10.946  10.335
()] 10 10.801 14.268 6.906
25 9.938  10.881 6.763
50 9.126 9414 6.098
100 7173  6.401 5.776
Total Nitrogen 0 2.091 2.091 2.091
(mg g™t) 10 1.763  2.595 1,899
25 1.65 2.249 1.528
50 1.449 1.790 1.561
100 1.051 1.438 1.252
Stem length 0 10 10 10
10 1576  22.35 12.45
25 12.07 2432 10.21
50 9.55 12.99 9.66
100 9.02 9.33 8.67

Nitrogen estimation

The results showed a reduced percentage of nitrogen with an upraise in the Ag and Pb levels. The results are
reported in Table 3. The control treatment was 2.091 mg g™*. The nitrogen levels were 1.051, 1.438 and 1.252 at
100 ppm of Pb, Ag or both. The nitrogen reduced at higher concentrations of heavy metals due to downregulation
of denitrification enzymes in the cell membrane or periplasmic space (Dmitri & Maria 2008; Hamsa et al. 2017).
Heavy metals inhibit nitrous oxide reductase (Hewson & Fuhrman 2006; Hamsa et al. 2017).

Anatomical studies

Transverse sections of mesophyll

Cross sections of mesophyll in control treatment exhibited that the epidermis is covered with a thin cuticle and
trichomes, epidermis was uniseriate, cells are circular, semicircular, rectangular and square shaped. Mesophyll is
isobilateral by found palisade layer on two sides of mesophyll; spongy tissue occurs between the palisade layers
formed from 7 to 12 layers. The thickness of the palisade layer was between 35.77 um in control and 21.60 um
in Ag treatment and 20.67 in Pb treatment, while the spongy tissue was 15.66 um and 13.50 um in the Ag and Pb
treatments, compared to control (25.55 um; Table 4). The mesophyll in plants exposed to Ag and Pb exhibited
the reduced palisade layer, cells of palisade layer were sinuate and irregular in shape (Fig. 1). The shape of leaves
in control treatments was regular, the upper and lower epidermal cells contained large cells circular or oval shaped,
while in the treatments of leaves exposed to Ag and Pb were sinuate or irregular shaped, and the cells of upper
and lower epidermis were small in size and irregular shaped (Fig. 1). The thickness of the leaf blade was between
133.52 um in control treatment, however, it was 97.85 um and 70.45 um in Ag and Pb treatment (Table 4; Fig.
1). The vascular bundle midrib is solitary and surrounded by parenchymatic cells. This result is in agreement with
Metcalfe & Chalk (1950). The vascular bundle thickness was 125.77 um and 90.38 um in in Ag and Pb treatments
respectively (Table 4).

Table 4. Measurement of leaf blade in S. portulacastrum in micrometer (um).

Treatment Blade Upper epidermis Lower epidermis Palisade Spongy Midrib
thickness thickness thickness layer layer thickness
Control  (145.50-123.6) (27.88-12.33) (27.21-14.38) (41.22- (41.22- (121.2-100.12)
133.52 18.60 19.85 30.10) 19.61) 115.33
35.77 25.55
Ag (110.50-83.77) (20.20-5.81) (15.22-6.22) (28.43- (18.32- (132.36-
97.85 10.65 11.47 16.22) 11.22) 120.30)
21.60 15.66 125.77
Pb (85.10-35.90) (10.22-5.21 (12.20-8.22) (31.21- (15.32-9.80)  (105.54-75.11)
70.45 7.55 10.60 15.55) 13.50 90.38

20.67
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Fig. 1. Cross section of leaf blade of S. portulacastrum. (A-B) Control treatment; (C) Leaf exposure to Ag treatment; (D)
midrib exposure to Ag treatment (E) Leaf exposure to Pb treatment; (F) Leaf of interaction between Ag and Pb.

Transverse sections of stems

Anatomical analyses of stem of S. portulacastrum exposed to elements showed several alterations in the stem
compared with control treatment (Table 5; Fig. 2). Stems were undergone changes in shape, size, thickness and
number of cortical parenchymal cells (Fig. 2). Transverse section of stem of S. portulacastrum in control treatment
displayed that the stem is semicircular in shape. However, in Pb treatment was rectangle shaped, while it was
irregular and more sinuate in Ag treatment. Stem thickness was 1210.23 um in control group, while it was 850.43
pmand 910.20 um in the Ag and Pb treatments. Plant exposed showed reduced in stem thickness (Table 5). Lower
and upper epidermal cells were square-shaped or rectangular, uniseriate in control treatment, treated stems the
epidermis was increased in size and irregular in shape. Thickness of epidermis were 20.33 and 21.66 pum
respectively. The Ag and Pb treated plants observed alterations in stem structure compared to the control group
(Table 5; Fig. 2). Many authors reported that the alteration in the plant shape and cells shape due to the ability of
elements disrupt the hormonal balance (Gomes et al. 2011). In addition, some metals including Ag and Pb can
acuminated in cell walls and intercellular space (Gomes et al. 2011; Al-Saadi et al. 2013). The cross-sectional
view of S. portulacastrum stem (Fig. 2) showed reduction in conducting elements of the xylem and phloem as a
result of heavy metal, which is not in agreement with Gupta et al. (2011). The thickness of vascular bundles
reached 83.33 um in Ag and 95.50 um in Pb treatments compared to control plants (125.33 um; Table 5). Pith in
control group was found in the centre of stem created parenchymatous cells isodiametric or circular, thin layer
cells with intercellular spaces. Pith diameters were between 500.16 pum in control and 750.22 pm in the Ag and
620.52 in Pb treatments (Table 5; Fig. 2).
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Table 5. Measurement of stem tissues of S. portulacastrum in micro-meter (um).
Treatment Stem Epidermis Chlorenchyma Xylem Phloem Vascular bundle Pith
thickness thickness thickness thickness thickness thickness thickness
Control (1250-850) (22.30- (18.-100.50) (100.5- (45.25-30.25) (150.2-100.50) (650-350)
1210.23 10.25) 150.21 50.25) 3591 125.33 500.16
16.23 80.69
Ag (930-550) (25.25- (150.25-100) (75.25- (45.25-16.22) (100.50-52.50) (810-650)
850.43 15.25) 121.67 45.25) 23.23 83.33 750.22
20.33 60.43
Pb (1110-650) (25.25- (65.5-25.2) (10.50- (25.25-14.50) (125.12-75.35) (750-450)
910.20 16.25) 50.24 52.50) 20.51 95.50 620.52
21.66 75.55

Fig. 2. Cross section of stem and root of S. portulacastrum. (A-B) Stem of control group; (C) Stem of exposure to Ag
treatment; (D) Stem of exposure to Pb treatment; (E) Root of control group; (F) root of exposure to Ag treatment; (G) root in
exposures to Ag and Pb treatments.
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Anatomical root alterations in S. portulacastrum

Anatomical alterations between control group and the exposures to Ag and Pb were noticed (Table 6; Fig. 2). The
S. portulacastrum roots showed several alterations in shape, size, and arrangement of cortical cells. The transverse
section of roots exhibited uniseriate of upper and lower epidermal layers. It was square-shaped or rectangular. Its
thickness was 24.44 um, while in the roots exposed to the Ag and Pb decreased in thickness to reach 15.11 um
and 12.33 um in Ag and Pb treatments respectively (Table 6). The results showed that reduction in root thickness
because of acuminated of elements in the S. portulacastrum roots treated with Ag and Pb resulted in destroy some
layers of epidermis and cortex. The root shape displayed more sinuate and the reduced root thickness in addition
to the destroy or decreased vascular bundles. The results also showed unrecognized endodermis, and exodermis.
It was reduced in the plants exposed to metals. The root thickness was 663.21 um in plant of control group, while
in Ag and Pb treatments were 498.32 um and 375.61 pum respectively (Table 6). Cortex is composed of many (6-
10) layers in control group, while in the Pb and Ag, most of layers of cortex were destroyed. However, the entrance
between Ag and Pb showed minor alterations in shape of cells and number of layers of cortex (Table 6; Fig. 2).
These alterations in the internal structure of tissues are due to the ability of motels to interrupt the hormonal
balance of S. portulacastrum, or due to toxic effect of the elements, and that the metals can inhibit photosynthesis
(Kabatapendias 2011; Bini et al. 2012). The effects of contamination on exodermis and endodermis are as a result
of the movement of elements (Ederli et al. 2004; Wdjcik et al. 2005; Najeeb 2017).

Table 6. Measurement of root tissues in S. portulacastrumin micrometer (um).

Treatment Root Epidermis Cortex Vascular bundle Xylem Number of
diameter thickness thickness thickness thickness xylem
Control (800- 550.23) (33.41-18.75) (400-290.11) (230.45- 150.45) (58.4-58.33)
663.21 24.44 340.32 195.22 45.80
Ag (630.21- (19.65- 10.11) (250.25-35.32) (140.3—105.25) (40.22-25.50)
250.50) 15.11 210.33 120.21 34.01
498.32
Pb (450.21- (15.21-7.33) (200.8-110.50) (130.25-85.50) (40.20-25.50)
250.32) 12.33 175.10 100.50 32.45
375.61

Mineralogical composition of leaves samples under heavy metal:

The results of S. portulacastrum leaves treated with 100 ppm Pb and Ag and control are shown in Table 4 and
Figs. 1-4. The main mineral in the control contains 11 elements including carbon (57.50%) followed by oxygen
(22.76%), iron, lead, and silver. The minerals in the leaves treated with 100 mg L* Pb showed 12 elements. The
highest was lead (52.03%) followed by carbon (35.03%) and oxygen (5.47%). The sample lost iron and silver.
The leaves treated with 100 ppm Ag, exhibited 11 elements. The highest was silver (43.02%) followed by carbon
(34.95%) and oxygen (11.18%). The sample lost potassium, iron and lead. Interactions between Pb and Ag showed
13 elements. The leaves lost fluorine, while contained Pb (25.09%), Ag (16.57%) and iron (0.67%). The control
samples without heavy metals (Pb and Ag) have no toxic substances. The plant was safe and contained C, O, K,
Mg, S, Na, Ca, Cl and Si. Si maintained moisture in the leaves, however, the Si level increased upon interaction
with Ag and Pb. It was 2.80 %, however, a high amount of silica can cause cancer. Pb toxicity inhibits the plant
growth and development (Cobbett 2000). High concentrations of Pb causes toxicity to the plants including
inhibition of enzyme activity and changes in physiological responses such as the membrane permeability
imbalance and mineral nutrition distortion (Sharma & Dubey 2005). EDX with SEM gives information on
chemical content including Ag and Pb. SEM can explore the distributions of elements in plant tissues (Patra et al.
2004).
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Fig. 3. EDS spectra of S. portulacastrum leaf control (100 mg L1).
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Table 7. The Elemental analysis concentration in the S. portulacastrum leaves (control and treated with Ag and Pb by SEM-
EDS methods.
Number of elements Element Control Pb Ag Pb + Ag

1 Carbon 57.50 35.03 34.95 32.81
2 Oxygen 22.76 547 1118  15.86
3 Sodium 3.36 1.64 0.43 1.25
4 Calcium 3.07 1.26 0.31 172
5 Fluorine 2.02 0.85 0.34 0
6 Sulphur 3.88 0.65 0.22 0.74
7 Magnesium 1.03 0.42 0.05 0.55
8 Aluminium 1.05 0.44 0.08 0.74
9 Silicon 1.77 145 022 2.80
10 Chlorine 2.04 1.13 0.19 0.60
11 Silver 0 0 43.02 1657
12 Potassium 0.94 0.01 0 0.02
13 Iron 0 0 0 0.67
14 Lead 0 52.03 0 25.09
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Fig. 5. EDS spectra of Sesuvium portulacastrum leaf treated with Ag (100 mg L).
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Fig. 6. EDS spectra of S. portulacastrum leaf represented interaction between Ag and Pb (100 mg L™1).

CONCLUSION

EDS/SEM technology offers a new method for analyses of heavy metal composition in tissues and organs of plant.
Twelve essential elements were detected by EDS including O, C, K, S, Mg, CI, K. Fe, and Ca. Other non-essential
elements were also observed such as Si, Pb, Ag and Al (Table 4). This technology can have broad applications to
biological sciences (Qi et al. 2003). The presence of Pb and Ag in leaves indicated the heavy metal uptake via
roots from polluted places. They were then accumulated in the leaves and stem. Our results indicated that S.
portulacastrumis is suitable for remediation or phytoextraction. It has a strong tolerance and accumulation
capacity for Pb and Ag. Anatomical study indicated that Ag and Pb can accumulate in internal tissues and causes
several alterations such as shape of leaves, stems and roots, thickness and number of cortical parenchymal cells.

REFERENCES

Al Hakimil, A & Hamada, AM 2011, Ascorbic acid, thiamine or salicylic acid induced changes in some
physiological parameters in wheat grown under copper stress. Plant Protection Science, 47: 92-108.

Ali, H., Khan, E & Sajad, MA 2013, Phytoremediation of heavy metals-concepts and applications. Chemosphere,
91: 869-881

Al Saadi, SAM, Al Asaadi, WM & Al Waheeb, AN 2013, The effect of some heavy metal’s accumulation on
physiological and anatomical characteristic of some Potamogeton L. plant. Journal of Ecology and
Environmental Sciences, 4:100-108.

Arnon, DI 1949, Copper enzymes in isolated chloroplasts. photophenoloxidase in Beta vulgaris. Plant Physiology,
24: 1-5.

Atesi, I, Suzen, HS, Aydin, A & Karakay, A 2004, The oxidative DNA base damage in tests of rats after
intraperitoneal cadmium injection. Biometals, 17: 371-377.

Ayyappan, D, Sathiyaraj, G & Ravindran, KC 2016, Phytoextraction of heavy metals by Sesuvium portulacastrum
L. a salt marsh halophyte from tannery effluent. International Journal of Phytoremediation, 18:453-459.

Azizi, A, Krika, A, Krika, F 2020, Heavy metal bioaccumulation and distribution in Typha latifolia and Arundo
donax: implication for phytoremediation, Iran. Caspian Journal of Environmental Sciences, 18: 21-29.

Budovich, LS 2021, Effects of heavy metals in soil and plants on ecosystems and the economy. Caspian Journal
of Environmental Sciences, 19: 991-997.

Cobbett, CS 2000, Phytochelatins and their role in heavy metal detoxification. Plant Physiolgy123:825-33.

Cresser, MS & Parsons, JW 1979, Analytica Chimica Acta, 109: 431-436.

Dmitri, S & Maria, FTB 2008, Effects of heavy metal contamination upon soil microbes: lead induced changes in
general and denitrifying microbial communities as evidenced by molecular markers. International
Journal of Environmental Research and Public Health, 5: 450-456.

Ederli, L, Reale, L, Ferranti, F & Pasqualini, S 2004, Responses induced by high concentration of cadmium in
Phragmites australis roots. Physiologia Plantarum, 121: 66-74.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ayyappan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26552858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sathiyaraj%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26552858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ravindran%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=26552858

Al-Asaadi et al. 627

Feng, J, Lin, Y, Yang, Y, Shen, Q, Huag, J, Wang, S, Zhu, X & Li, Z 2018, Tolerance and bioaccumulation of Cd
and Cu in Sesuvium portulacastrum. Ecotoxicology and Environmental Safety, 147:306-312.

Ghnaya, T, Nouairi, I, Slama, I, Messedi, D & Grignon, C 2005, Cadmium effects on growth and mineral nutrition
of two halophytes: Sesuvium portulacastrum and Mesembryanthemum crystallinum. Journal of Plant
Physiology, 162: 1133-1140.

Ghnaya, T, Slama, I, Messedi, D, Grignon, C, Ghorbel, MH & Abdelly, C 2007, Effects of Cd?* on K*, Ca®" and
N uptake in two halophytes Sesuvium portulacastrum and Mesembryanthemum crystallinum:
Consequences on growth. Chemosphere, 67: 72-79.

Gomes, MP, Marques, TC, Nogueira, MO, Castro, EM & Soares, AM 2011, Ecophysiological and anatomical
changes due to uptake and accumulation of heavy metal in Brachiaria decumbens. Scientia Agricola, 68:
566-573.

Guo, TR, Zhang, GP & Zhang, YH 2007, Physiological changes in barley plants under combined toxicity of
aluminium, copper and cadmium. Colloids Surf Biointerfaces, 57: 182-188.

Gupta, K, Gaumat, S & Mishra, K 2011, Chromium accumulation in submerged aquatic plants treated with tannery
effluent at Kanpur, India. Journal of Environmental Biology, 32:591-597.

Hall, JL 2002, Cellular mechanisms for heavy metal detoxification and tolerance. Journal of Experimental Botany,
53: 1-11.

Hamsa, N, Yogesh, G, Usha Koushik, S & Patil, L 2017, Nitrogen transformation in Soil: Effect of heavy metals.
International Journal of Current Microbiology and Applied Sciences, 6: 816-832.

Hewson, | & Fuhrman, JA 2006, Improved strategy for comparing microbial assemblage fingerprints. Microbial
Ecology, 51: 147-153.

Islam, E, Yang, X, Li, T, Liu, D, Jin, X & Meng, F 2007, Effect of Pb toxicity on root morphology, physiology
and ultrastructure in the two ecotypes of Elsholtzia argyi. Journal of Hazardous Materials, 147: 806-
816.

Johansan, DA 1968, Plant Microtechnique, McGraw Hill, New York, 487 pp.

Kabata-Pendias, A 2011, Trace elements in soils and plants. Chemical Rubber Company Press, Boca Raton, 201-
213.

Kalaikandhan, R, Vijayarengan, P, Sivasankar, R & Mathivanan, S 2014, The pigment content of Sesuvium
portulacastrum L. under copper and zinc stress. International Journal of Current
Microbiology and Applied Sciences, 3: 1056-1066

Keunen, E, Peshev, D, Vangronsveld, J, Wim, E & Cuypers, A 2013, Plant sugars are crucial players in the
oxidative challenge during abiotic stress: Extending the traditional concept. Plant, Cell & Environment,
36: 1242-1255.

Kirk, JTO & Allen, RL 1965, Dependence of chloroplast pigments synthesis on protein synthetic effects on
actilione. Biochemical and Biophysical Research Communications, 21:523-530

Lokhande, V, Gor, B, Desai, N, Nikam, T & Suprasanna, P 2013, Sesuvium portulacastrum, a plant for drought,
salt stress, sand fixation, food and phytoremediation. A review Agronomy for Sustainable Development,
33:329-348.

Lokhande, VH, Srivastava, S, Patade, VY, Dwivedi, S, Tripathi, RD, Nikam, TD & Suprasanna, P 2011,
Investigation of arsenic accumulation and tolerance potential of Sesuvium portulacastrum L.
Chemosphere, 82: 529-534

Metcalfe, CR & Chalk, L 1950, Anatomy of the Monocotyledons, Oxford at the Clarendon Press, 470pp

Miler, M & Gosar, M 2009, Application of SEM/EDS to environmental geochemistry of heavy metals. Geologija,
52: 69-78.

Mourato, MP, Moreira, IN, Leitdo, I, Pinto, FR, Sales, JR & Martins, LL 2015, Effect of heavy metals in plants
of the genus Brassica. International Journal of Molecular Sciences, 16:17975-17998.

Najeeb, U, Ahmad, W, Zia, MH, Zaffar, M & Zhou, W 2017, Enhancing the lead phytostabilization in wetland
plant Juncus effusus L. through somaclonal manipulation and EDTA enrichment. Arabian Journal of
Chemistry, 10: 3310-3317.

Naser, ZA, Abdul-Hameed, HM 2022, Removal of Cu (1) from industrial wastewaters through locally-produced
adsorbent prepared from orange peel. Caspian Journal of Environmental Sciences, 20: 45-53.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28858703
https://www.sciencedirect.com/science/article/pii/S0176161705000428#!
https://www.sciencedirect.com/science/article/pii/S0176161705000428#!
https://www.sciencedirect.com/science/article/pii/S0176161705000428#!
https://www.sciencedirect.com/science/article/pii/S0176161705000428#!
https://www.sciencedirect.com/science/article/pii/S0176161705000428#!
https://www.sciencedirect.com/science/article/pii/S0176161705000428#!
https://www.sciencedirect.com/science/journal/00456535
https://www.sciencedirect.com/science/journal/00456535/67/1
https://www.ncbi.nlm.nih.gov/pubmed/21074240
https://www.ncbi.nlm.nih.gov/pubmed/21074240

628 Effects of Ag and Pb metal...

Paivoke, AEA 2002, Soil lead alters phytase activity and mineral nutrient balance of Pisum sativum. Environment
Experimental Botany, 48: 61-73

Pal, M, Horvath, E, Janda, T, Paldi, E & Szalai, G 2006, Physiological changes and defence mechanisms induced
by cadmium stress in maize. Journal of Plant Nutrition, 169: 239-246.

Palma, MJ, Sandalio, LM, Cropas, FJ, Romero Puertas, MC, Mc Carthy, | & del Rio, LA 2002, Plant proteases,
protein degradation and oxidative stress: Role of peroxisomes. Plant Physiology and Biochemistry, 40:
521-530.

Patra, M, Bhowmik, N, Bandopadhyay, B & Sharma, A 2004, Comparison of mercury, lead and arsenic with
respect to genotoxic effects on plant systems and the development of genetic tolerance. Environmental
and Experimental Botany, 52: 199-223.

Qi, Y, Lian, K, Chin, KL & Ford, RL 2003, Using EDX/SEM to study heavy metal uptake and elemental
composition in plant tissues. Microscopy and Microanalysis, 9: 1485- 1487.

Raize, O, Argaman, Y & Yannai, S 2004, Mechanisms of biosorption of different heavy metals by brown marine
macroalgae. Biotechnology and Bioengineering, 87: 451-458.

Saleh Ibrahim, A, Chyad Al-Hamadani, R,F, Fahim Chyad, T, H. Ali, S 2022, Using ozone for activation of
manufactured porous media to improve the removal efficiency of heavy metals from industrial
wastewater. Caspian Journal of Environmental Sciences, 20: 283-294.

Shakoor, MB, Ali, S, Hameed, A, Farid, M, Hussain, S, Yasmeen, T, Najeeb, U, Bharwana, SA & Abbasi, GH
2014, Citric acid improves lead (Pb) phytoextraction in Brassica napus L. By mitigating Pb-induced
morphological and biochemical damages. Ecotoxicology and Environmental Safety, 109: 38-47.

Sharma, P & Dubey, RS 2005, Lead Toxicity in Plants. Brazilian Journal of Plant Physiology, 17: 1-19.

Vernay, P, Gauthier Moussard, C & Hitmi, A 2007, Interaction of bioaccumulation of heavy metal chromium
with water relation, mineral nutrition and photosynthesis in developed leaves of Lolium perenne L.
Chemosphere, 68: 1563-1575.

Wojcik, M, Vangronsveld. J, D"Haen, J & Tukiendorf, A 2005, Cadmium tolerance in Thlaspi caerulescens.
Environmental of Experimental Botany, 53: 163-171.

Ghnaya.T, Lakhdar, A, Baioui, R, Ghabriche, R, Mnasri, M, Sghair, S, Lutts, S & Abdelly, C 2010, Comparative
study of Pb-phytoextraction potential in Sesuvium portulacastrum and Brassica juncea: Tolerance and
accumulation. Journal of Hazardous Materials, 183: 609-615

Zengin, FK & Kirbag, S 2007, Effects of copper on chlorophyll, proline, protein and abscisic acid level of
sunflower (Helianthus annuus L.) seedlings. Journal of Environmental Biology, 28: 561-566.

Bibliographic information of this paper for citing:
Al-Asaadi, WM, T, Al-Waheeb, A,N, Al-Saadi, S,A,M,M, Al-Taie, S,S,K 2022, Effects of Ag and Pb metal accumulation on
some biochemical parameters and anatomical characteristics of Sesuvium portulacastrum L. (Aizoaceae) plants. Caspian
Journal of Environmental Sciences, 20: 617-628.

Copyright © 2022


https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0304389410009532?via%3Dihub#!

