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Abstract

This study focused on the absorption of lead (Pb) by two species of ferns, Salvinea molesta Mitch and Marsilea crenata Presl. The
aim of this research was to describe the accumulation of lead in S. molesta and M. crenata roots and leaves, and in addition, to find
whether these are accumulators or excluders. Both of these ferns were grown in a hydroponic system to which there was added Pb
at0, 5,10, and 15 ppm concentration, exposed for 7 and 14 days. After the treatment, determination of the lead amounts in the roots
leaves used the AAS method and the RGR calculation. The data were analyzed by ANOVA using SPSS Program 16 edition. The
results showed that the accumulation of lead was higher in the roots than the leaves. Both of the ferns had a bioconcentration factor
of more than 1 and the factor of translocation was low, i.e., less than 1. It is concluded that S. molesta and M. crenata are appropriate

species for phytoremediation, especially as excluders.
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Introduction

Water pollution by heavy metals is an emer. issue (Garbisu
and Alkorta, 2003; Kachenko et al., 2007b). One of the causes
of heavy metal pollution is human activity, including the use
of chemical fertilizers in the agriculture sector and industrial
emissions. According to the Unfffill States Environmental
Protection Agency (EPA), lead (Pb) is one of “the big three” heavy
metal pollutants, along with mercury (Hg) and cadmium (Cd),
these having the highest level of danger to human health because
of their very high level of toxicity even at low concentration
levels. Lead can cause teratogenicity effects. In addition, the
lead may also inhibit the synthesis of hemoglobin, causing
kidney malfunction and affect the reproduc(§P system and the
cardiovascular system. It also may cause acute and chronic
damage to the central nervous system and peripheral nervous
system (Duruibe ef al., 2007). Lead is not essential for metabolism
and may cause cancer in humans. Therefore, there should be an
effort to decrease lead ccwmiualion in water.

One method that has been used to reduce the levels of heavy metals
is through chemical physics and remediation that is expensive and
may degrade the environment in its owffflieht. Another method
that can be used is phytoremediation. Phytoremediation is an
environmentally friendly and economically feasible technology
for mitigating wWler/soil contamination using plants (Cheng et al..
2015; Ghosh & Singh, 2005; Gonzaga et al., 20§%) The ability of
plants to reduce the metal content in the water can be calculated
as the Iaaccumu]ation factor (BAF = metal in shoots/metal in
media) and the bioconcentration factor (BCF = metal in roots/
metal in media), while the ability of plants to move metal from
roots to shoots is defined as the translocation factor (TF = metal
in shoot/metal in root) (Yoon ef al., 2006). Basically, from the
values der{ld from these parameters, plants that extract metal
are known as excluders or accumulators. Excluders, with TF<1,
and BAF and BCF>1 can absorb metals in the roots, termed as

phytostabilization (Comara et al., 2007). Accumulators (TF=>1),
also known as hyper accumulafs, move the metal from the roots
to shoots. Hyper accumulators can accumulate more than 10,000
mg/kg in parts of the plant above the surface without causing any
adverse effects,

Few ferns, including Pferidium sp are hyper accumulators
alongwith some higher plants (Ghosh ef al., 2005). A few ferns
have been researched in terms of their absorption capacity;
however, the potential of water ferns Marsilea crenata (water
clover) and Salvinia molesta (salvinia) as hyper accumulators or
excluders in the tropical waters has not been reported.

The results of an initial study showed that . molesta, from
Porong. Sidoarjo. East Java, growing in polluted water contained
lead concentrations of 0.5 ppm and M. crenata, from Kendung,
Sidoarjo, East Java, lead concentrations of 0.8 ppm. Each of these
species showed good growth and did not show any adverse signs
growing in the polluted water. In this study, an exploration of the
mechanisms of lead accumulation into both of these species was
conducted. The presence of lead in both of these species could
[EPobscrved by the color changes of the leaves. Based on this,
the aim of this study was to describe the distribution of the lead
in the roots and shoots of these water ferns; in addition, the study
was also intended to evaluate the possibility of using them for
phytoremediation of polluted waters in tropical areas.

Materials and methods

To study the potency of S. molesta anBEM. crenata as the
phyvtoremediation agents for the lead, the plants were grown in
a medium containing Pb solution. To the growth medium Pb
solution of various concentrations was added, i.e.: (1)0 ppm of Pb
as the control; and (2) 5 pp@f‘l) 10 ppm; (4) 15 ppm of Pb(NO,),
solution. These treatments were arranged in a randomized block
design through three replications.
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S. molesta was collected from Porong, Sidoarjo, East Java, and
M. crenata from Kendung, Suraa. East Java. Both of these
ferns were adapted and grown in a hydroponic system by using
a batch system in Hoagland’s solution during seven days. After
adapting them to the procedure, the plants werefZRaned with
distilled water, and then put in glass aquarium of 40 ¢m length.,
30 em width and 35 em depth containing 5 L distilled water and
Hoagland’s solution or the plants were moved into an aquarium
containing 5 L of lead/Hoagland’s solution (0, 5, 10 and 15 ppm
Pb) and exposed for 7 and 14 days. The ferns were grown under a
12-hour light-dark cycle. The plant samples from each aquarium
were harvested after either 7 and 14 days. The pH of the medium
Zlied from 5.4-6.7 at the beginning of the experiment, {0 6.5 -7.0
at the end of the experiment.

Overall biomas@¥ield and metal content were measured as
specified below. Harvested plants were divided into two parts:
roots §fPleaves. Plant biomass yield was measured on dry weight
basis. Each part was oven-dried for 2 hours at @ °C on successive
days and weighed to determine dry weight. Dried plant tissues
were milled into a powder. PowdffHl samples weighing 0.5 g
were digested with 5 mL of HNO, and diluted to 50 mL with de-
ionized double distilled water. The lead analysis was conducted
Brough an extraction method. Both media samples (50 mL)
and digested plant samples were analyzed for lead by using an
atomic absorption spectrophotometer. The total accumulation and
partitioning of the metals by the plants were calculated.

Relative growth rate (RGR) is stated in grams per kilogram per
day, and it was calculated as follows:

(Final dry — Initial dry weight)

RGR= (.

Initial weight x days
The bioconcentration factor (BCF) for the lead of the root system
and the upper parts (stem/peduncles leaves) were calculated
according to the formula as proposed by Wang et al. (2007). i.e.:

BCF - Cmcsts'!cmrdium (2)
BAF = C\hlmlfcmudium (3)
Where. C__ = concentration of lead in the roots (mg Pb kg
dry weight)
C,..~ total of the concentration of lead in stems or

peduncles (mg Pb kg ! dry weight)
C, o concentration of lead in growth medium (mg
m Pb L)
The translocation factor (TF) was calculated to evaluate the
translocation of Pb from the M. crenata and 8. molesta roots to
shoots (stem/petiole and leaves) by using equations (2) and (3)

as follows:
- BAF\-Inu“sEBCF rools (4)

Analysis of variance (ANOVA) was performed usinf@JPSS 16
software package to analyze the data. If there were significant
differences, the Tukey test (P=0.05) was used.

Results and discussion

There were no significant differences in growth between fern
species or the duration of exposure to lead (7 days vs. 14 days)
among treatments. The growth of §. molesta and M. crenaia was

Table 1. RGR of 8. molesta and M. crenata treatments after 7 and 14
days planted (P=0.05)

Species Concentration RGR
Pb (ppm) 7 days 14 days

Salvinea molesta 0 0 @R+0.00b 0.04:+0.00b
5 0.00£0.00a 0.00:40.00a
10 0.00+£0.00a 0.0040.00a
15 -0.02+0.04a 0.00£0.00a

Marcilea crenata 0 0.0310 0.01+0.0b
5 0.01+0.00a 0.00+0.00a
10 0.01+0.00a 0.00+0.00a
15 0.01+£0.00a 0.0040.00a

Table 2. Percentage removal of Pb by S. molesta and M. crenata, with
Pb concentration (ppm) (P=0.05)

Species

Concentration Pb removal
Pb (ppm) 7 days 14 days

Salvinea molesta 0 0.00£0.00a 0.00+0.00a

3 97.33+0.12b 97.3310.12b

10 98.50+0.00¢ 98.57+0.12¢

15 98.96£0.04b 98.89+0.13b
Marcilea crenata 0 0.00£0.00a 0.00+0.0a

5 94.93+2.55b 86.67+1.14b

10 96.27+047¢ 91.47+1.50¢

15 97.22+0.0.65b  80.07+5.5b

influenced by the concentration of the lead in the growth media
(Table 1). The growth of both water fern species at days 7 and 14
was characterized by a positive value of RGR, generally equal
to or higher than 0, although the RGR values of the treatment
groups tended to be smaller than the control group.

Based on the results presented in Table 1, it can be concluded
that both water fern species were able to grow adequately well
in the presence of Pb. The favorable growth of these plants
was accompanied by the removal of lead metal from the media

(Table 2).

The concentration of the lead in the root tissues of both species
was relatively constant in accord with the age of the plants. In
rool tissues of §. molesta and M. crenata, the concentration of
lead increased from 5 to 15 ppm at 7 and 14 days after planting.
Corroborating the data presented in Table 3, it seems that the
increase of Pb occurred at each treatment concentration. For
both species, on the other hand, the concentration of the lead in
the stem and leave tissues increased as the plants growing older.
The results presented in Table 4 show that until the 14" day, TF
of both S. melesta and M. crenata were less than 1.0, showing
that the metal ion was largely retained in the roots. The results
support previous data which show that the highest concentration
of the lead was in the root tissue.

§. molesta and M. crenata were able to grow in a solution of up
to 15 ppm Pb, but the ability to displace lead from media was at
best at concentrations of 10 ppm. The removal of lead by both
species at concentrations of 5 and 15 ppm were not significantly
different. From data presented in Table 2, both of these plants
were able to remove lead metal from media up to 98 %. More
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Table 3. Mean and Sd of Pb content in roots and leaves (ppm) of S. molesta and M. crenata in different Pb treatments after 7 and 14 days of planting

Species Concentration Pb 7 days 14 days
(ppm) Roo Leaves Roots Leaves

Salvinea molesta 0 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a
5 0.5940.02b 0.29-:0.00b 0.64:0.00b 0.3940.00b
10 0.63+0.00c 0.33+0.01c 0.67+0.02¢ 0.43+0.00c
15 0.64+0.00d Gnt.D.Old 0.73+0.01d 0.47+0.01d

Marsilea crenata 0 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a
5 0.68+0.14b 0.18+0.01b 0.94+0.06b 0.2240.07b
10 1.45+0.08¢ 0.1940.02¢ 1.69+0.11c¢ 0.58+0.05¢
15 1.63+0.35d 0.78:0.02d 2.92:40.43d 0.41+0.01d

lead in the media resulted in an increasingly higher concentration
of lead in both S. molesta and M. crenata, both iassucs of roots
and leaves. However, the conceniration of lead in the roots was
significantly higher than in ﬁ leaves.

In order to help characterize the ability of the plants to concentrate
FEld from the media. the bioconcentration factor (BCF).
bioaccumulation factor (BAF) and translocation factor (TF) were
calculated. The results are presented in Table 4, which shows
the higher the concentrations of lead in the media, the higher
the TF value; the value of TF at 14 days, however, was very low
and less than 1.0. Similarly, for the BCF and BAF, the higher
concentrations of the treatment, the higher value of the BCF and
BAF. Table 4 shows that the value of BCF for the roots is greater
than the value of BAF for the shoots.

The greatest growth of S. melesta and M. erenata occurred in
the control group, in which the results showed that the biomass
increased rapidly in the t§#ment for 7 and 14 days compared
with the treatment group. With increased concentrations of lead
in the growing media, growth was slightly slower: both of the
species had a positive growth rate even up to concentrations
of lead up to 15 ppm in the growth media. Positive values of
RGR indicated that both species were able to have adapted
morphologically to the pressure of lead present in the media.
The adaptation could be exhibited by these plants by establishing
specific amino acids.

There was an increased displacement of lead from the growing
media, which seemed to be caused by the ability of the roots of
both species to absorb Pb ions from the growing media, and then
translocate them to other parts of the plant, like the shoot. Roots
of both species are fibrous and have a modified layer form of
epidermal layer similar to root hairs that have a high ability to
absorb nutrients and other substances. The higher concentration
of lead may decrease the level of absorption significantly from

the growing media, with an optimum concentration of 10 ppm.
At concentrations of 15 ppm, the roots of plants may have been
in a saturated condition such that the displacement of metals from
the growing media was decreased.

The experimental results presented in Table 3 show that the
highest lead concentrations in §. molesta and M. erenata was
found in the r@} tissues. The mechanism behind the higher lead
concentration in the roots may include the binding process of the
positively charged heavy metal ions to negative charges in the cell
walls (Grill et al., 1995). Gothberg et al. (2002) suggested that in
most plants, a larger proportion of metal is retained in the roots,
and thereby it may be prevented from interfering with sensitive
metabolic reactions in the shoots. The results are similar to other
species S. minima (Alvarado et al., 2016). This is probably an
internal mechanism to avoid toxic metal concentrations in the
shoots.

Both, §. molesta and M. crenata could be categorized as
accumulator plants. In addition, Yoon ef al. (2000) stated that
the plants can be classified as excluders and accfulators if the
value of TF<1 and BCF=>1. The higher values of BCF and TF of
the tested species may enable them to accumul £ large amount
hazardous metals in the harvested parts. The proper disposal
of the harvested plant parts is the final and most important
EEp in any kind of plant-based remediation technology. If it is
not disposed off properly, the accumulated heavy metals may
B o the system or may enter into the food chain. However,
bioaccumulation of the trace metals in M. crenata tissues was
not a concern because the measured levels were lower than
B3 permissible levels set by FAO and WHO (0.5 mg kg'") for
consumption.

The results of this study showed that both S. molesta and M.
crenata have relatively high values of BCF and relatively low
value of TF. Patterns of accumulation of both ferns were in accord

Table 4. Mean and Sd of translocation factors (TF), bioconcentration factors (BCF), bioaccumulation factor (BAF) for the different Pb treatments

after 7 and 14 days of planting

0 Concentration Pb 7 davs 14 days
(ppm) BCF BAF '1" BCF BAF TF

Salvinea molesta 0 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a
5 4.4040.05b 2.20+0.05b 0.50+£0.01b 4.81+0.20b 2.95+0.08b 0.61+0.01b
10 4.2440.03¢ 2.2240.08b 0.52+0.02b 4.7340.50¢ 2.99+0 BT 0.62+0.01b
15 3.8540.03b 2.1:0_08b 0.62+0.01c¢ 4.40+0.49b 2.85+0.03b 0.63:0.01c

Marsilea crenata 0 0.00£0.00a 0.004£0.00a 0.004£0.00a 0.00-£0.00a 0.00+£0.00a 0.00+£0.00a
5 3.71+0.87b 0.77+0.05b 0.00£0.00b 1.8540.02b 0.3540.04b 0.00+0.0b
10 6.13+0.54¢ 0.53+0.06b 0.00+£0.00b 3.24+0.06¢ 0.68+0.07b 0.00::0.00b
15 6.56+0.56b 0.51+0.08b 0.09+0.15¢ 1.77+0.04b 0.01+0.00b 0.13+0.00c
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with previous research that ferns have high value of BCF and
low value of J and adapted to high concentrations of metal by
immobilizing metals and metalloids in the root system. reducing
the translocation of these metals to the shoots (Kachenko et
al.. 2007a). This strategy seem@Jo occur in fems generally. as
sequestration in the root system of various metals and metalloids
were also observed in some species in Australia (Kachenko ef al.,
2007b). Tolerant mechanism of the metal acumulation is a result
of continuous flow through phloem tissue and resulting saturation
sequesteration in root/thizome of plants. This is a collector-type
system in these plants (metal excluders), contrasting with the
mechanism that has been reported in the genus Pteridium, which
is capable of transferring metal from root to shoot tissue. The
bioconcentration factor of lead in the root system/rhizome has
been also found in Pgiosperms such as water spinach and yellow
velvetleaf. This is supported by investigations, which show that
many wetland plants can collect heavy metals from polluted
waters, and are found to tolerate a wide range of heavy metals
(Pb, Zn. Cu, and Cd), and have demonstrated their posle use
in phytoremediation (Leguizamo ef al., 2017). Further research
1s required to increase our understanding of the potential of local
plant species in wetlands as phytoremediators.

The results of this study show that the water ferns S. molesta and
M. erenata primarily accumulated lead in their roots rather than
leaves. Both ferns have shown a bioconcentration factor greater
than 1.0, and a low translocation factor, less than 1.0. In short, S.
molesta and M. erenata are suitable as excluder phytoremediators
in heavy metal-polluted waters, as these ferns were able to
regulate the accumulation of Pb and limit the metal transport to
the shoots of the plant, allowing for continued growth and thus
easier harvest at the water surface, in order to reduce overall
heavy metal levels in a polluted water body.

Acknowledgments

We would like to extend our gratitude to Ministry of Research and
Technology of Indonesia that has funded this research through
Competitive Research Grants in 2015-2016. We also thank the
students involved in this research, especially Maria Ulfa and

Rizki.

References

Alvarado, D.AL., FE. Gil, L.S. Carbonell, C.T. May and J.M.
Santamaria, 2016. Lead accumulation reduces photosynthesis in
the lead hyper-accumulator Salvini minima Baker by affecting the
cell membrane and inducing stomatal closure. Aguat. Toxicol, 171:
37-47

Cheng, S.F.. C.Y. Huang, Y.C. Lin, 8.C. Lin and K.L. Chen, 2015.
Phytoremediation of lead using comn in contaminated agricultural
land-An in situ study and benefit assessment. Ecotoxicol. Environ.
Saf, 111: 72-77.

Comara, L., E. Roccotiello, V. Minganti, G. Drava, R. De Pellegrini and
M.G. Mariotti, 2007. The level of trace elements in plants growing
on serpentine and metalliferous soils. J. Plant Nut. Soil Sci., 170:
T81-787.

Dumibe, J.O., M.O.C. Ogwuebu and J.N. Egwurugwu, 2007. Heavy
metal pollution and human biotoxic effects, Int. J. Phys. Sci., 2(5):
112-118.

Garbisu, C. and 1. Alkorta, 2003, Basic concepts on heavy metal soil
bioremediation. Eur: J. Miner. Process Environ. Prot., 3: 58-60.
Available from: http://www.ejmpep.com/garbisu_and_alkorta.pdf

Ghosh, M. and S.P. Singh. 2005. A review on phytoremediation of
heavy metals and utilization of it’s by products. Appl. Ecol. Environ.
Res., 2005, 3(01): 1-18. Available from: hitp://www.aloki.hu/
pdf0301_001018.pdf.

Grill, E., L. Winnacker and M.H. Zenk, 1985. Phytochelatins, the
principal heavy-metal complexing peptides of higher plants, Science,
230(4726): 674-676.

Gonzaga, M.L.S., J.A.G. Santos and L.Q. Ma, 2006. Arsenic
phytoextraction dan hyperaccumulation by fern species. Scientia
Agricola, 63(1): 90-101.

Gathberg, A, M. Greger, K. Holm and B.E. Bengtsson, 2002. Influence
of nutrient levels on uptake and effect of mercury, cadmium, and
lead in water spinach. .J. Environ, Qual., 33(4). 1247-55,

Kachenko. A.G., S. Balwan and P.B. Naveen, 2007a. Heavy metal
tolerance in common fem species. Aus. J. Bot.,55: 63-73.

Kachenko, A.G., N.P. Bhatia, B. Singh and R. Siegele, 2007b. Arsenic
hyperaccumulation and localization in the pinnule and stipe tissues
of the gold-dust fern (Pyivrogramma calomelanos (L..) Link var.
austroamericana (Domin) Farw.) using quantitative micro-PIXE
spectroscopy. Plant Soil, 300: 207-219.

Leguizamo, M.A.O., W.D.FF. Gomez and M.C.G. Sarmiento, 2017, Native
herbaceous plant species with potential use in phytoremediation
of heavy metals, spotlight on wetlandsd- A review, Chemosphere,
168: 1230-1247.

Wang, M., I. Zou and X. Duan, 2007. Cadmium accumulation and
its effects on metal uptake in maize (Zea mays L.). Bioresource
Technol., 98: 82-88.

Yoon. 1, X. Cao, Q. Zhou and L..Q. Ma, 2006, Accumulation of Pb, Cu,
and Zn in native plants growing on a contaminated Florida site. Sei.
Total Environ., 368: 456-64

Received: March, 2017, Revised: June, 2017; Accepted: June, 2017

Journal of Applied Horticulture (www.horticultureresearch.net)




3.The efficacy of Salvinia molesta Mitch. and Marsilea crenata
Presl. as phytoremediators of lead pollution.pdf

ORIGINALITY REPORT

20, . 205 O

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

1

Huan, Y.. "Changes in flavor compounds of dry-
cured Chinese Jinhua ham during processing",
Meat Science, 200510

Publication

4,

P.C. Abhilash, Vimal Chandra Pandey, Pankaj
Srivastava, P.S. Rakesh, Smitha Chandran,
Nandita Singh, A.P. Thomas. "Phytofiltration of
cadmium from water by Limnocharis flava (L.)

Buchenau grown in free-floating culture system",

Journal of Hazardous Materials, 2009

Publication

3%

Enrica Roccotiello, Alice Manfredi, Giuliana
Drava, Vincenzo Minganti, Mauro Giorgio
Mariotti, Graziella Berta, Laura Cornara. "Zinc
tolerance and accumulation in the ferns
Polypodium cambricum L. and Pteris vittata L.",
Ecotoxicology and Environmental Safety, 2010

Publication

3%

Oyuela Leguizamo, Mayerly Alexandra, Wilmar
Dario Fernandez Gémez, and Martha Cecilia

1o



Gutiérrez Sarmiento. "Native herbaceous plant
species with potential use in phytoremediation of
heavy metals, spotlight on wetlands — A
review", Chemosphere, 2016.

Publication

M.H. Hu, Y.S. Ao, X.E. Yang, T.Q. Li. "Treating
eutrophic water for nutrient reduction using an
aquatic macrophyte (Ipomoea aquatica
Forsskal) in a deep flow technique system",
Agricultural Water Management, 2008

Publication

1o

Lotfy, S.M., and A.Z. Mostafa.
"Phytoremediation of contaminated soil with
cobalt and chromium", Journal of Geochemical
Exploration, 2013.

Publication

1o

"Phytoremediation”, Springer Nature, 2017

Publication

1o

T.S. T. Mansor, Y. B. Che Man, M. Shuhaimi.
"Employment of Differential Scanning
Calorimetry in Detecting Lard Adulteration in
Virgin Coconut Oil", Journal of the American Oil
Chemists' Society, 2011

Publication

1o

Cai, Q.Y.. "Potential of Ipomoea aquatica
cultivars in phytoremediation of soils
contaminated with di-n-butyl phthalate",

1o



Environmental and Experimental Botany,
200804

Publication

RN
(@)

Phytoremediation, 2015.

Publication

<1%

Demim, S., N. Drouiche, A. Aouabed, T.
Benayad, O. Dendene-Badache, and S.
Semsari. "Cadmium and nickel: Assessment of
the physiological effects and heavy metal
removal using a response surface approach by
L. gibba", Ecological Engineering, 2013.

Publication

<1%

Castro, Paula M. L., Marques, Ana P. G. C. and
Rangel, Antonio O. S. S.. "Zinc accumulation in
plant species indigenous to a portuguese
polluted site: relation with soil contamination”,
American Society of Agronomy, 2011.

Publication

<1%

Shu-Fen Cheng, Chin-Yuan Huang, Yung-
Cheng Lin, Sheng-Chien Lin, Kuo-Lin Chen.
"Phytoremediation of lead using corn in
contaminated agricultural land—An in situ study
and benefit assessment”, Ecotoxicology and
Environmental Safety, 2015

Publication

<1%

14

Ali Seid Mohammed. "Heavy Metal Pollution:
Source, Impact, and Remedies", Environmental

<1%



Pollution, 2011

Publication

Valencia, |.. "Development of dry fermented 1
0 ermened i <1%
sausages rich in docosahexaenoic acid with oil
from the microalgae Schizochytrium sp.:
Influence on nutritional properties, sensorial
quality and oxidation stability", Food Chemistry,
2007
Publication
Mamdouh A. Eissa, Yaser A. Almaroai. <1 o
"Phytoremediation Capacity of Some Forage °
Plants Grown on a Metals-Contaminated Soil",
Soil and Sediment Contamination: An
International Journal, 2019
Publication
Ekmekci, Y.. "Effects of cadmium on antioxidant 1
amium on € <71«
enzyme and photosynthetic activities in leaves
of two maize cultivars"”, Journal of Plant
Physiology, 20080418
Publication
Chirawee Sangthong, Kunchaya Setkit, <1 o

Benjaphorn Prapagdee. "Improvement of
cadmium phytoremediation after soil inoculation
with a cadmium-resistant Micrococcus sp.",
Environmental Science and Pollution Research,
2015

Publication




19 Abhilash, P.C.. "Phytofiltration of cadmium from <1 o
water by Limnocharis flava (L.) Buchenau grown °
in free-floating culture system", Journal of
Hazardous Materials, 20091030
Publication

Ky, Isabelle, and Pierre-Louis Teissedre. <1 o
"Characterisation of Mediterranean Grape °
Pomace Seed and Skin Extracts: Polyphenolic
Content and Antioxidant Activity", Molecules,

2015.
Publication

Carattino, M.D.. "Effects of long-term exposure <1 o
to Cur27+ and Cd*2”+ on the pentose °
phosphate pathway dehydrogenase activities in
the ovary of adult Bufo arenarum: possible role
as biomarker for Cu2*+ toxicity", Ecotoxicology
and Environmental Safety, 200403
Publication

Saud A Alamri, Manzer H Siddiqui, Mutahhar YY <1 o
Al-Khaishany, M. Nasir Khan et al. "Ascorbic °
acid improves the tolerance of wheat plants to
lead toxicity", Journal of Plant Interactions, 2018
Publication

"Detoxification of Heavy Metals", Springer <1 o

Science and Business Media LLC, 2011

Publication

Claudia S. Benimeli. "Bioaccumulation of



Copper by Zea mays: Impact on Root, Shoot 1
and Leaf Growth", Water Air and Soil Pollution, < | %
11/10/2009

Publication

Gulstin Ozyurt, Yesim Ozogul, Esmeray Kuley <1 y
Boga, A. Serhat Ozkuttuk, Mustafa Durmus, °
Yilmaz Ucar, Fatih Ozogul. "The Effects of
Fermentation Process with Acid and Lactic Acid
Bacteria Strains on the Biogenic Amine
Formation of Wet and Spray-Dried Fish Silages
of Discards", Journal of Aquatic Food Product
Technology, 2019

Publication

Kay, S.H.. "Effects of heavy metals on water <1 y
hyacinths (Eichhornia crassipes (Mart.) Solms)", °
Aquatic Toxicology, 198405

Publication

Bruno Barbosa, Sara Boléo, Sarah Sidella, <1 o
Jorge Costa et al. "Phytoremediation of Heavy °
Metal-Contaminated Soils Using the Perennial
Energy Crops Miscanthus spp. and Arundo
donax L.", BioEnergy Research, 2015

Publication

Pankaj Kumar, Madhusudan Hiraman Fulekar. <1 o
"Rhizosphere Bioremediation of Heavy Metals °
(Copper and Lead) by Cenchrus ciliaris”,

Research Journal of Environmental Sciences,



2018

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



	3.The efficacy of Salvinia molesta Mitch. and Marsilea crenata Presl. as phytoremediators of lead pollution.pdf
	by

	3.The efficacy of Salvinia molesta Mitch. and Marsilea crenata Presl. as phytoremediators of lead pollution.pdf
	ORIGINALITY REPORT
	PRIMARY SOURCES


