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ABSTRACT: 

Lead (Pb) heavy metal pollution in waterways has become one of the major issues across the 
world. A hydroponics experiment was aimed at investigating of the physiological and the biochemical 
responses and phytoremediation ability of three aquatic floating macrophytes, Eichhornia crassipes, 
Pistia stratiotes and Ludwigia stolonifera, plants grown under different treatments of Pb (CH₃COO). 
With an increase in Pb concentration in growth medium, the element's accumulation in plant parts 
increased and the accumulation of the element increased in the roots more the shoots for all tested 
plants. For studying the response of these plants to Pb stress, we observed inhibited plant growth% 
and decreased photosynthetic pigments, membrane stability index (MSI) and total proteins. In 
addition, heavy metal induced oxidative damage as observed by increased lipid peroxidation (MDA) 
and electrolyte leakage (EL) levels in all species.  Antioxidative enzymes activity such as catalase 
(CAT) and peroxidase (POX) and proline accumulation were positively correlated with Pb treatment. 
The plants were ideal for phytoremediation because of their rapid rate of growth, extensive root 
system, high biomass output, and capacity to accumulate and tolerate Pb. 
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INTRODUCTION 

Growing industrialization besides 
accelerating urbanisation and economic 
development in recent decades are regarded to 
be the primary causes of the worsening the 
environment quality and heavy metal 
contamination (Khalid et al., 2020). In contrast 
to soil contamination, the water cycle allows 
water pollution to spread quickly and globally. 
Artificial pesticides and plastics were two 
particularly dangerous anthropogenic water 
contaminants (Bell et al., 2019). Due to rapid 
population expansion and the completion of 
the Grand Ethiopian Renaissance Dam on the 
Nile River Egypt's biggest challenge going 
forward will be water scarcity. Therefore, it is 
crucial to manage the available water 
resources particularly wastewater cleanup and 
reuse in order to combat the challenges 
associated with the expected drought 
(Abdelhafez et al., 2020). Heavy metals are 
metallic elements with comparatively high 
atomic weight and density ranging 4.0 - 5.0 
g/cm3 and are non-degradable. Therefore, they 
are poisonous to a greater extent to plants, 
animals, and humans (Farid et al., 2019). 
Among heavy metals, lead (Pb) is a significant 
environmental contaminant and a highly 
poisonous metal whose extensive use has 
adversely affected public health (Jaishankar et 
al., 2014). According to (Kamran et al., 2015) 
the amount of Pb in aquatic ecosystems at 4 
million tonnes. Lead levels in water, soil, and 
plants are typically < 0.2 μg/l, 20 mg/kg, and 1 

μg/g, respectively (Afaj et al., 2017). However, 
primarily as a result of human activity, its 
levels occasionally exceed these limits. 

Phytoremediation is the use of plants and 
their associated soil and water conditions,   
agronomic techniques and rhizospheric 
microorganisms to remove organic and 
inorganic contaminants in soil and water 
without endangering the environment (Mojiri 
et al., 2021). Researchers' interest in the 
potential for employing plants in 
environmental remediation has grown over 
the last few years and the technique has 
started to take off as an alternative to restoring 
contaminated sites (Oh et al., 2014). Utilizing 
native plants is essential for phytoremediation 
because they considerably outperform 
introduced plants from different environments 
in terms of endurance, development, and 
reproduction under environmental stress 
(Galal et al., 2018). Hyperaccumulating plant 
has the innate ability to flourish in 
environments where other plants would 
typically be harmed by high metal 
concentrations in the soil or water. They are 
able to tolerate high metal concentrations in 
their tissues without showing any harmful 
effects (Rascio and Navari-Izzo, 2011). The 
majority of aquatic plants exhibit varying 
capacities for survive in relatively high-
contaminated water and function as an 
efficient natural filter for various metals and 
dangerous contaminants (Sharma et al., 2015). 
Aquatic plants always have enormous root 
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systems making them prime candidates for the 
accumulation of contaminants in their roots 
and shoots (Stoltz and Greger, 2002). 
Particularly, floating plants have a significant 
capacity to ingest, translocate, and stabilize a 
variety of hazardous metals in their 
harvestable parts (Rahman and Hasegawa, 
2011). A variety of floating plants, including E. 
crassipes, P. stratiotes and L. stolonifera, have 
demonstrated their ability to remove metals 
from different kinds of wastewaters (Galal and 
Farahat, 2015; Eid and Shaltout, 2016; Galal et 
al., 2020). E. crassipes in the irrigation canals of 
the Nile Delta have the capacity in just 16 days 
to double their biomass (Eid and Shaltout, 
2017). According to Liao and Chang (2004) E. 
crassipes is capable of absorb and translocate 
many of heavy metals like the cadmium, lead, 
copper and zinc in the plant’s tissue as a root 
or shoot. Furthermore, it is 3 to 15 times better 
to locate the elements into the roots rather than 
the shoots. According to many research, P. 
stratiotes has the ability to remove heavy 
metals as Zn, Mn, Fe, Cd, Pb, Cu, As, Cr, and 
Ni (Kumar et al., 2019; Kumar et al., 2019). 
Although the lead had accumulated at higher 
concentrations primarily in the root system in 
this plant it had shown various patterns of 
lead elimination (Singh et al., 2011). L. 
stolonifera is an invasive macrophyte with a 
rapid rate of growth and reproduction and is 
thought to be an effective living species for 
phytoextraction of a range of metals and is 
playing an important role in removing various 
pollutants from the aquatic environment 
(Saleh et al., 2017). Furthermore, it has been 
demonstrated that 2 g of L. stolonifera can 
absorb and translocate more than 95 percent of 
radiocobalt and 65 percent of radio-cesium 
from radioactive waste solution, as well as 
eliminate up to 65 percent, 97 percent, and 99 
percent of Cd, Cr, and Pb respectively (Saleh et 
al., 2019). 

Pb exposure even at low concentrations 
prevents the growth of plant parts (Kopittke et 
al., 2007). However, roots exhibit a larger Pb-
induced growth inhibition than other plant 
components, which may be connected to the 
increased lead content of the roots (Liu et al., 
2008). Nevertheless, Pb-induced suppression 
of plant development may be related to a 
decline in photosynthesis, plant water 
relations, and nutrient metabolism (Rady et al., 
2021). Pb is a non-redox active chemical alters 
this redox equilibrium via a number of indirect 
ways including the replacement of crucial 
cations in cellular macromolecules and 
modulation the activities of some enzymes and 
finally led to enhanced the generation of ROS 

(Chen et al., 2016). By scavenging ROS 
antioxidant defense mechanisms work in 
concert to protect plant cells from oxidative 
damage and prevent cascades of uncontrolled 
oxidation (Gill and Tuteja, 2010). Higher levels 
of resistance to abiotic stressors are positively 
associated with the expression of several 
antioxidant enzymes (Caverzan et al., 2016). 
According to the research, plant pigments 
adversely affected from heavy metals. The 
levels of carotenoids and chlorophyll of plants  
changes when plants are exposed to heavy 
metals (Houri et al., 2020). Pb inhibit 
chlorophyll synthesis may be due to increased 
chlorophyllase activity (Drazkiewicz, 1994). 
Although large quantities of lead may reduce 
the protein pool, its impact on the total protein 
is unknown (Piotrowska et al., 2009). However, 
under lead stress some amino acids such 
proline increase (Qureshi et al., 2007).  

The goals of the current investigation were 
to: (1) compare and assess tolerance and 
accumulation of Pb in these three macrophyte 
species in hydroponics after 21 days of 
treatment (2) evaluate the physiological 
response and mechanisms of tolerance of these 
species to Pb stress.  

MATERIALS AND METHODS 

Experimental set-up and Pb exposure  

Eichhornia crassipes, Pistia stratiotes and 
Ludwigia stolonifera plants were used for this 
study. The plants were collected and 
acclimatized in a tank for 10 days containing 
tap water. All species were grown in plastic 
bowl containing 10% Hoagland nutrient 
solution (20 L) (Hoagland and Arnon, 1950) 
with continuous aeration. The pH of the 
nutrient solution was 5.8. Plants were treated 
with different concentrations of Pb (CH3COO)2 
(5, 10, 15 mg/L) for 21 days, while plants 
without Pb treatment were used as a control 
and every 7 days solutions were refreshed. The 
plants were grown in hydroponics with three 
uniform plants of each species in each 
container. For each treatment, triplicates were 
maintained. Root and shoot samples were used 
for Pb content analysis.  

Pb estimation in plant samples 

After 21 days of treatment, the plants were 
thoroughly washed with 20 mM Na2-EDTA for 
15 min to desorb putatively surface adsorbed 
Pb then washed three times with distilled 
water, oven-dried at 70  C till constant weight, 
milled and sieved to < 1 mm. To determine the 
content of Pb+2 , we used the modified 
digestion method of (Chapman and Pratt, 
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1978). Determination of heavy metal (Pb) 
contents in plant samples were carried out by 
graphite furnace Atomic Absorption 
Spectrometer. Amount of heavy metal in 
different samples of plant was calculated using 
dilution factor. 

Metal (mg/ g DW) in plant = metal reading 
of digested sample (mg L–1) × dilution factor. 

The bio-concentration factor (BCF) was 
calculated as follows (Rezania et al., 2016): 

BCF = metal concentration in plant 
(mg/Kg)/ metal concentration in medium (mg/ 
L) 

Translocation factor (TF) is defined as the 
ratio of metals concentration in the shoots (mg 
kg− 1) to that in the roots (mg kg− 1). It shows the 
ability of a plant to translocate metals from its 
roots to the shoots (Yoon et al., 2006). 

Growth (%)  

Biomass on the fresh weight (g) basis was 
estimated and the growth (%) of plants was 
measured as follows (Das et al., 2021):  

Growth % = {(Final weight after the 
exposure duration – Initial weight at 0 time)/ 
Initial weight at 0 time)} × 100 

Photosynthetic pigments determination  

Photosynthetic pigments were extracted 
from leaves using 90% aqueous methanol 
solution and chlorophyll a, b. Carotenoids 
content was determined 
spectrophotometrically at 666, 653 and 470 nm 
according to (Lichtenthaler and Wellburn, 
1985) and expressed in mg/g FW. 

Leaf relative water content (RWC)  

The estimation of leaf RWC was conducted 
according to the method described by 
(Weatherley, 1950). 

Membrane stability index (MSI) 

Leaf membrane stability index (MSI) was 
determined according to the method of 
(Premachandra et al., 1990).  

Malondialdehyde MDA contents 
determination  

The degree of MDA was estimated 
following the method described by (Heath and 
Packer, 1968). The MDA content was estimated 
using the following formula (Davenport et al., 
2003). 

MDA (µmol g-1 FW) = (6.45 x (A532 − 
A600) − (0.56 xA450)) × Vt/W.   

Where, Vt = 0.0021; W = 0.2 g  

Estimation of total Protein Content  

Total proteins were estimated through the 
method developed by (Bradford, 1976). 
Absorption and concentration were measured 
at the 595 nm wavelength using a 
spectrophotometer. The total protein content 
of the samples was recorded as milligram per 
gram of fresh weight using bovine serum 
albumin as a standard.  

Antioxidant enzymes determination 

Antioxidant enzymes including peroxidase 
(POX) and catalase (CAT) were evaluated 
spectrophotometrically. Fresh leaves samples 
(0.2 g) were ground in liquid N2 and 
homogenized in an ice-bath in 4 mL 
homogenizing solution containing 50 mM 
potassium phosphate buffer and 1% (w/v 
polyvinylpyrrolidone (pH 7.8). The 
homogenate was centrifuged at 14000 rpm at 
4°C for 10 min and the resulting supernatant 
was utilized for enzyme assays. Assay of 
Catalase (CAT): Catalase action was precise 
according to (Aebi, 1984). 

Assay of peroxidase (POX): The 
determination of POX activity at 420 nm using 
the method of (Chance and Maehly, 1955).  

Anthocyanin estimation  

For anthocyanin determination, plant 
samples (200 mg of FW) were incubated with 6 
mL of methanol: HCl (99:1) and kept in the 
dark for 24 h. The extract was then centrifuged 
at 13,000 x g for 10 min. The absorbance of the 
supernatant was measured at 550 nm using 
spectrophotometer. Anthocyanin 
concentration (nmol g−1 FW) was calculated 
using an extinction coefficient of 33,000 mol–1 
cm–1 (Wagner, 1979).  

Absorbance (A) = Ab530- (1/3×Ab657)  
Anthocyanin content = (A×Mol.wt×DF×1000) / 
ƹ  

Estimation of proline content  

Proline was extracted from 0.2 g leaf tissues 
homogenized in 4 ml 3% aqueous sulfosalicylic 
acid using the method described by (Bates et 
al., 1973). Final proline concentration was 
calculated by the standard curve.  

Statistical Analysis  

Statistics software CoStat (version 6.3) was 
used to analyze the data statistically. A one-
way ANOVA was calculated by using 
Danken’s multiple range test to determine the 
significant value (p < 0.05) between the means. 
Pearson’s correlation of all the data were 
performed by using Microsoft excel 2016. 
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RESULTS AND DISCUSSION 

Lead accumulation in plants 

The metal concentration in the shoots and 
roots of all the three macrophyte species after 
their exposure to various concentration of Pb 
depicted in (Fig. 1 A). The acquired data 
demonstrated that Pb concentrations in the 
plant tissues varying among species reflecting 
their various metal uptake capacities. Pb 
accumulation in shoot and root of E. crassipes, 
P. stratiotes and L. stolonifera plants increased 
significantly (P<0.05) with increasing 
concentration of Pb in the growth medium. 
Generally, the root had acquired more metal 
than the shoot, according to accumulation 
patterns. E. crassipes showed the highest 
accumulation of Pb (801.9 mg/Kg DW) at 5 
mg/l exposure level and (245.9 mg/Kg DW) at 
15 mg/l Pb in root and shoot respectively. P. 
stratiotes exhibited a maximum accumulation 
(608.1 mg/Kg DW) in root at 15 mg/l and (209.5 
mg/Kg DW) at 15 mg/l in the shoot. The 
maximum Pb uptake in the root and shoot of 
L. stolonifera was (851.5 mg/Kg DW and 249.3 
mg/Kg DW at 5 mg/l and 15 mg/l respectively. 
According to the results, uptake of metal in 
shoot tissues of these three macrophytes 
reveals tow trends in terms of Pb exposure 
concentrations. One, as metal levels in the 
growth medium rise Pb uptake gradually 
increases as seen in E. crassipes and L. 
stolonifera. Second, in P. stratiotes there is a 
gradual decrease in Pb uptake as the amount 
of metal in the nutritional medium increases. 
These aquatic macrophytes showed three 
patterns in metal uptake in root tissues in 
regard to Pb exposure levels. One, a 
progressive increase in Pb absorption as the 
amount of metal in the growth medium 
increases as seen in P. stratiotes. Second, as 
metal levels increased Pb uptake gradually 
decreased as seen in L. stolonifera roots. The 
third, showed an initial rise in metal uptake 
followed by a decrease with increasing metal 
concentrations in the growth medium as in E. 
crassipes. Our findings are consistent with the 
reports of many similar studies. For example, 
known plant species like Glycine max L 
accumulate higher Pb concentrations in their 
roots compared to other tissue parts (Khalofah 
and Farooq, 2023). Also, our result is in 
consistent with (Langley-Turnbaugh and 
Belanger, 2010; Kumar et al., 2017). The 
decrease in metal removal at 15 mg/L in the 
roots of E. crassipes and L. stolonifera could be 
caused by the saturation of Pb selective sites 
and also the tolerance limit of the plants 
towards Pb when the concentration was 

further increased (Yuanqing et al., 2013). Our 
findings is consistent with (Das et al., 2021). As 
plant roots prevent the transport of heavy 
metals this may be a potential tolerance 
mechanism employed in the roots (Ernst et al., 
1992). Because of differences in physiology, 
metal concentrations, environmental factors, 
duration of exposure, species, and 
developmental stages various plant species 
have varying Pb absorption efficiencies 
(Pourrut et al., 2011). For the majority of plants 
Pb concentrations in plant tissues between 30 
and 300 µg/g are crucial and negatively affect 
metabolism (Ramachandra et al., 2018). 
Therefore, it is possible to assume that the 
highest Pb concentration resulted in 
phytotoxicity, which hindered its future 
uptake. 

The translocation factor value was found to 
be below than 1 (Fig. 1B). Despite that most Pb 
was concentrated in plant roots during all Pb 
treatments little Pb were transferred to the 
shoot.  Because of its great affinity for 
attaching to chemicals in cell walls, Pb has 
little mobility from root to shoot generating 
precipitates and crystals. Because plants lack 
transport channels it appears that Pb is bound 
to carboxylic groups of mucilage uronic acids 
on root surfaces (Kabata-Pendias and Pendias, 
2011). The three macrophytes in this study had 
an advantage in terms of covered surface area 
for metal uptake due to their substantial root 
biomass, extensive water surface covering 
through rapid growth and proliferation, or 
both. Therefore, regardless soil cleaning these 
macrophytes can be utilized to clean up 
industrial wastewater and contaminated 
water. The roots of free-floating macrophytes 
accumulate the most heavy metal (Kumar and 
Prasad, 2018). This limitation on metals in the 
roots acted as a safety net to keep damage to 
the shoots' photosynthetic system to a 
minimum (Rezania et al., 2016). In accordance 
with our data, Typha angustifolia and E. 
crassipes exposed to Pb-containing wastewater 
absorbed substantially more Pb in the roots 
than in the shoots (Sricoth et al., 2018).  

Our results indicate that, the 
bioconcentration factor (BCF) significantly 
decreased with an increase of Pb concentration 
in hydroponic nutrient medium after 21 days 
in three species (Fig 1C). The highest value of 
BCF was at 5 mg/L, where was the BCF value 
(141.9, 144.2 and 195.9 mg/ Kg) for E. crassipes, 
P. stratiotes and L. stolonifera respectively.  
While the lowest value was at 15 mg/L in all 
three plant species. Our result is in agreement 
with (Velichkova et al., 2019). Similarly,  
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(Yuanqing et al., 2013) revealed that water 
lettuce subjected to 20 ppm Pb had lower BCF 
values, while plants treated to 15 ppm Pb had 
the  highest BCF values. The BCF offers details 
on the intake of metal, its mobilization into 
plant tissues and its storage in aerial  parts of 
plant (Newman and Unger 2nd, 2003). A high 
BCF for metal elements at low external 
concentrations is important for 
phytoremediation because it makes the process 
more cost-efficient than the conventional 
method for treating large amounts of 
wastewater with concentrations of 
contaminants (Kamal et al., 2004).  

Chlorophyll content  

According to this study, a dose-dependent 
decrease was found in chl a, chl b and 
carotenoids content of E. crassipes and L. 
stolonifera leaves, While P. stratiotes showed a 
higher stability of chl b and carotenoids 
content in different concentrations of lead as 
shown in (Fig. 2 A, B and C). Significant 
differences were observed for chlorophyll 
content among all the treatments for most of 
the species except for P. stratiotes. The lowest 
content of chl a, chl b and carotenoids were 
determined in the leaves of plants exposed to 
15 mg/L Pb in all plants. According to 
estimates, the decrease in chl a relative to the 
relevant controls was 33.5%, 28.5 and 17.7% at 
15 mg/L in E. crassipes, P. stratiotes and L. 
stolonifera respectively. as well as the decrease 
in chl b compared to their respective controls 
were estimated to be 52%, 3.3% and 43.1 % at 
same concentration in E. crassipes, P. stratiotes 
and L. stolonifera respectively. carotenoid 
content reveled a gradual decrease with 
increase in concentration with a maximum of 
59.1%, 4.2% and 22% decline at 15 mg/L in E. 
crassipes, P. stratiotes and L. stolonifera 
respectively. Our results corroborate the 
previous studies (Ibrahim et al., 2022; Khalofah 
and Farooq, 2023) , but disagree with the 
findings of (Gajewska et al., 2006). This might 
be because different plants have different 
mechanisms for defending themselves against 
heavy metal stress. The result of chloroplast 
membrane peroxidation due to an increase in 
ROS formation during Pb treatment may be a 
decrease in the rate of photosynthetic pigment 
accumulation (Malar et al., 2014). Additionally, 
under Pb stress increased MDA levels and 
electrolyte leakage may harm chloroplast 
membranes and reduce the formation of 
photosynthetic pigments (Khalofah and 
Farooq, 2023). Reduction of the chlorophyll 
contents was attributed to Pb stress by  
reducing chlorophyll synthesis and  

prohibiting plants absorbing vital nutrients 
such as Mg and Fe (Rucińska-Sobkowiak, 
2016). As a result, it destroyed chlorophyll in 
response to increasing chlorophyllase activity 
and therefore harming the photosynthetic 
system (Sharma and Dubey, 2005).  

Plant growth  

The obtained results revealed that growth 
% gradually decreased with an increase in the 
lead level in the three plant species (Fig. 3 A). 
The highest grade of growth inhibition was in 
concentration 15 mg/L in all plants. E. crassipes 
showed the minimal percentage while P. 
stratiotes showed the maximal percentage of 
growth inhibition in all concentrations 
compared to their respective control. The 
growth inhibition compared to their 
corresponding controls were estimated to be 
16.7%, 20.3% and 34.8% at 15 mg/L for E. 
crassipes, L. stolonifera and P. stratiotes 
respectively. It is concluded that high 
concentration of heavy metals in water can 
have a negative impact on plant growth, as 
these metals interfere with various 
physiological and biochemical processes, 
inhibition of photosynthesis and respiration 
and degeneration of major cell organelles 
which can even result in plant death (Schmidt, 
2003; Afzal et al., 2006).  

Relative water content (RWC) 

The level of relative water content. (RWC) 
in E. crassipes, P. stratiotes and L. stolonifera was 
estimated (Fig. 3 B). According to the results 
Pb exposure levels show two trends in the 
RWC in the leaves of these aquatic 
macrophytes. One, shows a reduction in RWC 
when metal levels in the growing medium 
increasing in comparison to the control as seen 
in E. crassipes.  Second, where a slight initial 
increase up to 5 mg/L followed by a decrease 
with rising metal concentrations in the growth 
medium as in P. stratiotes and L. stolonifera. 
Data indicated that the highest rate of decrease 
in RWC was at a concentration of (15 mg/L) 
where the value of decreasing was (1, 3.5 and 
4.4%) in E. crassipes, P. stratiotes and L. 
stolonifera respectively Our results is in 
agreement with previous studies (Malar et al., 
2014; Mishra et al., 2014). Plants treated with 
Pb had a little more relative water in their 
leaves than untreated plants. The Pb treatment 
probably led to stomatal closure, which was 
activated throughout the experiment as a 
result of the reduced atmospheric carbon-
fixing activities (Brunet et al., 2008). The 
increase in proline accumulation could be led 
to the rise in water content.  
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Membrane stability index (MSI) and 
electrolyte leakage (EL) 

The level of degradation of cell membrane 
in E. crassipes, P. stratiotes and L. stolonifera 
plants was estimated (Fig. 4 A). The obtained 
results showed that the membrane stability 
decreased gradually in all plants with 
increasing the level of lead concentrations in 
the nutrient solution, and the highest rate of 
decrease in the membrane stability was at a 
concentration of (15 mg/L). L. stolonifera 
showed the highest rate of membrane stability 
in all concentrations and this may be due to 
the increased activity of antioxidant enzymes 
(CAT and POX) compared to other plants. The 
reduction in membrane stability in treated 
plants in comparison to the corresponding 
controls were estimated to be 15.5%, 18.7 % 
and 7.9 % at (15 mg/L) in E. crassipes, P. 
stratiotes and L. stolonifera respectively. In 
contrast, EL were increased with increasing the 
level of lead in all plants (Fig. 4 B). The 
maximum EL value was 35.7%, 40.2% and 35% 
at (15 mg/L) in E. crassipes, P. stratiotes and L. 
stolonifera respectively. In intact plant cells, the 
leaking of electrolytes is a sign of stress 
response and "a measure" of plant stress 
tolerance (Levitt, 1980). The obtained results 
are consistent with previous studies 
(Janmohammadi et al., 2013). When a plant is 
under Pb stress the ROS generation is the 
primary production (Israr et al., 2011). The 
peroxidation of membrane lipids which results 
in the generation of aldehydes as 
mlondialdehyde is one of the reactions that 
accelerates in the presence of reactive oxygen 
species (Jiang and Huang, 2001). High levels of 
malondialdehyde accelerate the oxidation of 
cell membrane fatty acids and lipid 
peroxidation which ultimately lowers the cell 
membrane stability index (DaCosta and 
Huang, 2007).  

The effects of Pb on MDA concentration  

Lipid peroxidation levels in E. crassipes, P. 
stratiotes and L. stolonifera plants was estimated 
by MDA content (Fig. 5 A). After 21 days of Pb 
exposure, MDA content increased along with 
the rising lead levels in growth medium. 
According to the data, L. stolonifera showed the 
lowest value of lipid peroxidation in all 
concentrations. The results showed that the 
maximum MDA content was at a 
concentration of 15 mg/l in three aquatic 
macrophytes. The increasing rate of MDA in 
plants exposed to a concentration of 15 mg/L 
compared to control plants was 63.6, 63.5 and 
38% in E. crassipes, P. stratiotes and L. stolonifera 
respectively. Earlier studies indicated that 

MDA content increased with increase Pb levels 
(Singh et al., 2010; Malar et al., 2014).  When 
plants are stressed lipid peroxidation produces 
MDA which is frequently used as a marker of 
the severity of oxidative stress (Hu et al., 2012). 
Inducing oxidative stress in plants as a result 
of increased generation of (ROS) is one of Pb's 
toxic effects. Lipid peroxidation, a sign of the 
generation of ROS, indicated the beginning of 
oxidative damage (Hattab et al., 2016) which 
caused by harmful impact s of Pb on plants 
(Mihailovic et al., 2015).  

Protein contents  

According to obtained data, all 
macrophytes showed reduction in protein 
content with a progressive increase in Pb 
concentration (Fig. 5 B). The minimum content 
of protein was observed in all plants exposed 
to 15 mg/L Pb. The reduction in protein in 
treated plants to their controls were estimated 
to be 10.6%, 9.3 and 3.6% at 15 mg/L in E. 
crassipes, P. stratiotes and L. stolonifera 
respectively. It was noticed that E. crassipes 
showed the highest value of decrease in 
protein content in all concentrations of Pb 
compared to other plants, while L. stolonifera 
showed the lowest reduction in protein 
content compared to other plants. Numerous 
studies revealed that Pb accumulation reduced 
the protein content of aquatic macrophytes 
(Gupta, 2014; Dogan et al., 2018). One of the 
most important nutrients, nitrogen is a 
component of biomolecules including proteins 
and nucleic acids. An earlier study found that 
Pb prevented aquatic macrophytes from 
absorbing nitrogen (Saygideger and Dogan, 
2005). During Heavy metals transport into 
plants can act at various places to block 
numerous enzymes with functional sulphydryl 
groups by impeding on protein synthesis 
processes which has an adverse effect on the 
normal protein shape (Dua and Sawhney, 
1991). A decrease in protein content in the 
presence of heavy metal ions may be caused 
by the breakdown of soluble protein or by an 
increase in the activity of protease or other 
catabolic enzymes which were activated and 
destroyed the protein molecules (Mishra et al., 
2009). 

Antioxidant enzymes 

CAT and POX activities in plant leaves 
under the effects of Pb are shown in (Fig. 6 A, 
B). According to of Pb treatment, CAT and 
POX activities significantly increased in L. 
stolonifera, where was the highest rate of CAT 
and POX activity in treated plants compared to 
its control was at 15 mg/L by 47% and 103% 
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respectively. P. stratiotes showed significantly 
increase in the activity of POX in the treated 
plants in comparison to the control with the 
highest activity rate at 15 mg/L by 395%, while 
it showed a slight increase in the activity of 
CAT with an increase in the concentration of 
lead. E. crassipes showed a non-significant 
increase in CAT and POX activity at low levels 
of lead and then, the activity of both enzymes 
decreased with increasing lead concentration. 
Our result is in agreement with previous 
studies (Wang et al., 2012; Wang and Song, 
2019). The ROS is the primary product when a 
plant is under Pb stress (Israr et al., 2011), 
which may quickly result in the production of 
lipid peroxides and damage to membranes 
(Weckx and Clijsters, 1996). Consequently, 
increasing the activity of two important 
antioxidant defense system enzymes (SOD and 
POX) in the three aquatic species. to prevent 
oxidative damage for plants to adapt and 
ultimately survive in stressful environments 
antioxidant enzymes and certain plant 
metabolites are crucial for minimizing 
oxidative damage (Zhang et al., 2007) 

Anthocyanin content  

The obtained results showed an increase in 
the leaves content of anthocyanins in low 
concentrations of Pb, then the content of leaves 
of anthocyanins decreased in high 
concentrations compared to control plants as 
in E. crassipes and P. stratiotes. Whereas, in L. 
stolonifera the leaf content of anthocyanins 
increased in the treated plants in comparison 
to the control plants (Fig. 7 A). Our results 
corroborate the previous studies. These data 
revealed that L. stolonifera could reduce the loss 
of anthocyanins even at higher Pb 
concentrations (Dube et al., 1993; Kiran and 
Prasad, 2017). Here, anthocyanins appear to 
play a unique role in Pb tolerance as they are 
known to combine with heavy metals and 
sequester them in the vacuole (Hale et al., 
2001). Anthocyanin shows effective defense 
against ROS generation (Kumar and Prasad, 
2015). Anthocyanin which is biosynthesized 
through the phenylpropanoid pathways has 
the potential to scavenge free radicals and also 
has the capacity to bind heavy metal ions. It is 
hypothesised that heavy metal-induced stress 
targets phenylalanine ammonia lyase (PAL) a 
crucial enzyme in the synthesis of flavanoids 
which inhibits the manufacture of 
anthocyanins (Dube et al., 1993). 

Proline accumulation 

Under Pb stress, results of this study 
showed increases in free proline 

concentrations as osmoprotectants (Fig. 7 B). 
Results showed that proline concentration was 
significantly higher in treated plants in 
compare with their control. The results reveled 
that maximum accumulation of proline at 15 
mg/L in E. crassipes and P. stratiotes (3.11 and 
3.31 µmoles/g FW) respectively. while L. 
stolonifera showed the highest proline 
accumulation (2.84 µmoles/g FW) at a 
concentration of 10 mg/l Our results are in 
agreement with data reported by Khalofah and 
Farooq (2023) who stated a significant 
accumulation of proline in Glycine max as an 
effective defense mechanism to Pb treatments. 
Also, with those of (Mahdavian et al., 2016; 
Ramana et al., 2021).  As one of the amino acids 
and part of a general adaptation syndrome to 
unfavorable environmental conditions, free 
proline is probably one of the most prevalent 
metabolites produced in response to stress (Al-
Ghzawi et al., 2019). The increased proline in 
Pb-exposed plants might be linked with 
protein breakdown (Khalofah and Farooq, 
2023). Proline alleviates metal-induced 
oxidative stress due to its ability to scavenge 
ROS (Ben Rejeb et al., 2014). 

Heat Map Analysis 

Data heat map analysis (Fig. 8 A, B, C) 
showed that treatments with Pb levels 
significantly decreased in most parameters as 
growth %, protein, Chl a, Chl b, total Chl, Car, 
anthocyanin, MSI and RWC in all species. 
While, Pb accumulation, MDA, EL, POX, CAT 
and Proline content showed highest values in 
all three species at 15 mg/L compared with 
control. 

Pearson correlation coefficients 

For calculating the correlation between 
measurements, Person correlation coefficients 
were determined in three species as presented 
in (Fig. 9). The obtained data obviously 
showed very strong positive Pearson 
correlations were observed between MDA and 
proline (r = 0.999) then followed by total Chl 
and MSI (r = 0.991) and a strong negative 
correlation occurs between total MSI and EL (-
1.00) then Pb accumulation and growth % (r = -
0.991) in E. crassipes (Fig. 9 A). P. stratiotes 
showed very strong positive Pearson 
correlations between EL and proline (r = 0.995) 
then followed by MDA and proline (r = 0.983) 
and a strong negative correlation between total 
MSI and EL (-1.00) then MSI and proline (r = -
0.996) (Fig. 9 B). L. stolonifera (Fig. 9 C) 
appeared very strong positive Pearson 
correlations between Chl a and anthocyanin (r 
= 0.991) followed by MDA and CAT (r = 0.988). 
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Conversely, a strong negative correlation 
between total MSI and EL (-1.00) then MDA 
and Chl b (r = -0.996). 

CONCLUSION 

We conducted the current study to examine 
the feasibility of the potential of 
phytoremediation for lead of three types of 
aquatic plants in terms of significant metal 
accumulation in plant tissues and the 
physiological ability of those plants to resist 
lead stress. Based on our findings, all three 
macrophytes E. crassipes, P. stratiotes and L. 
stolonifera showed high efficiency for the Pb 
removal from different metal concentrations. 
The maximum absorption rate of metal was 
observed in the roots of all aquatic 
macrophytes. Whereas, L. stolonifera showed 
the highest accumulation rate for whole plant 
in all concentrations. Results strongly suggest 
that these macrophytes are less affected by 
oxidative stress, in spite of the presence of 
higher dose of Pb in the hydroponic medium, 
as would be expected for a species that has 
efficiently survived in a highly polluted 
environment. Increased CAT and POX activity 
appear to play key roles in the antioxidant 
defense response of these aquatic plants when 
exposed to Pb heavy metal toxicity particularly 
L. stolonifera, where showed the highest (MSI) 
value and protein stability. In addition, gave 
the lowest (EL) value and MDA content in 
compare with other species. While P. stratiotes 
showed the highest rate of stability of 
chlorophyll in stressed plants.  
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Figure 1: Pb accumulation (mg/Kg DW) in shoot and roots (A), Translocation factor (TF) (B) and 
bioconcentration factor (BCF) (C) of three aquatic plants grown for 21 days in Hoagland nutrient 
solution with addition of different Pb concentration. 

 

Figure 2: Chlorophyll (Chl. a, Chl b and carotenoids) of three aquatic plants E. crassipes (A), P. stratiotes 
(B) and L. stolonifera (C) grown for 21 days in Hoagland nutrient solution with addition of different Pb 
concentrations. 
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Figure 3: Growth % (A) and relative water content RWC (B) of three aquatic plants grown for 21 days 
in Hoagland nutrient solution with addition of different Pb concentrations. 

 

Figure 4: Membrane stability index MSI (A) and electrolyte leakage EL (B) of three aquatic plants 
grown for 21 days in Hoagland nutrient solution with addition of different Pb concentrations. 
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Figure 5: Malondialdehyde MDA (A) and total Protien content (B) for three aquatic plants grown for 
21 days in Hoagland nutrient solution with addition of different Pb concentrations. 

 

 

Figure 6: Antioxidant enzymes Catalase "CAT" activity (A) and peroxidase "POX" activity (B) of three 

aquatic plants grown for 21 days in Hoagland nutrient solution with addition of different Pb 

concentrations. 
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Figure 7: Anthocyanin content (A) and proline content (B) of three aquatic plants grown for 21 days in 

Hoagland nutrient solution with addition of different Pb concentrations. 

  

 

Figure 8: Cluster heat map analysis summarizing Pb concentrations on physiological and 

phytochemical characteristics of E. crassipes (A), P. stratiotes (B) and L. stolonifera (C). 
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Figure 9: Pearson correlation coefficients and their significance for all parameters after treatments. 

 

 
 
 
 
 
 



Al-Azhar Journal of Agricultural Research, Vol. (Special issue), October (2023) (161-178) Ahmed et al. 

111 
2nd International Scientific Conference "Agriculture and Futuristic Challenges (Food Security: Challenges and 

Confrontation)", Faculty of Agriculture, Al-Azhar University, Cairo, Egypt, October 10th –11th, 2023. 

 لمياهل  الملوثالرصاص لتحمل عنص الفس يولوجية لبعض النباتات المائية الآليات 

عصام الدين عبدالباسط أ حمد
 *

سماعيل أ بو العنين، الس يد حسن الكفافى  ، حس نى ا 

 قسم النبات الزراعى، كلية الزراعة، جامعة ال زهر، القاهرة، مص

 esambaset@azhar.edu.eg :* البريد ال لكتروني للباحث الرئيسي

 الملخص العربى

حيث يتواجد فى كثير من مناطق المياه المصية بتركيزات تتعدى التركيزات المسموح بها من المنظمات شديد السمية  معدنىيعتبر الرصاص ملوثًا 

مكانية المعالجة النباتية للرصاص بواسطة ثلاثة  أ نواع من النباتات المائية من حيث التراكم المعدني في أ نسجة الدولية. أ جرينا الدراسة الحالية لفحص جدوى ا 

جهاد الرصاص.  ليها ، أ ظهرت جميع النباتات الثلاثة النبات وفهم بعض الآليات الفس يولوجية لتلك النباتات لتحمل ا  )ورد  بناءا على النتائج التي توصلنا ا 

زالة الرصاص النيل ، خس الماء ، اللدوجيا( لوحظ أ قصى معدل تراكم للرصاص في جذور كل النباتات المائية   .من تركيزات المعدن المختلفة كفاءة عالية في ا 

تلك تشير النتائج بقوة ا لى أ ن  .أ على معدل تراكم لكامل النبات في جميع التراكيز نبات اللدوجيا بينما أ ظهرت المختبرة بالمقارنه لتراكمه فى المجموع الخضرى.

نواع التي النباتات نجت  أ قل تأ ثراا بال جهاد التأ كسدي على الرغم من وجود جرعة أ على من الرصاص في وسط الزراعة المائية ، كما هو متوقع بالنس بة لل 

نزيمية )ال نثوس يانين و مضادات ال كسدة ال نزيمية )الكاتليز بكفاءة في بيئة شديدة التلوث. يبدو أ ن زيادة نشاط  والبرولين( يلعبان البروكس يديز( والغير ا 

ا رئيس ية كآلية تحمل لتلك النباتات عند تعرضها ل جهاد الرصاص وخاصة س تقرار البروتين لثبات الغشاء نبات اللدوجيا، حيث أ ظهر أ على قيمة أ دوارا  .وا 

لى ذلك أ على معدل ثبات  نبات خس الماء أ ظهر بينما مقارنة بال نواع ال خرى. المالونديالدهيدومحتوى  للتسرب الكهربى  أ عطى أ قل قيمة بال ضافة ا 

 .للكلوروفيل في النباتات المختبرة تحت ظروف ال جهاد

آليات ال الاسترشاديةالكلمات   .البرولين تحمل، ال نزيمات المضادة لل كسدة: النباتات المائية، تراكم الرصاص، أ


