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Abstract. Sebmarani D, Proklamasiningsii £, Susaneo AH. rdii ER. Sudiena E, Yari £ 2021 Superoxide dismmuase {SODs activity of
Ceriops zippeliona Blwme in Scgura Anghan Cilacap ilndonesios wnder heavy metad acoumnlation. Biodiversitas 22: 5627-3633,
Ceriops Zippeliana Blume i a tue mangrove species that occupy habitats exposed to envitonmental siwess, such as salinity and beavy
metal contandnution. which s the Cine io Segam Anskan Cilieap. Contend Java, Both salinity and beavy metal stress can lead to the
production of reactive oxygen species (ROSI. which can be detdimental to plants 3f they are present in o bss. Plants bave defense
mechanisis o provent excessive ROS, vne of which s by the use of superoxide dismutse (SOD) enzyme. This study aims w exphin
the sccumulation of heavy metabs (Pb. Cd. Cu. and Zaj i C. zippeliona as well o the tanslocation of the metals. In addition, the
correfation between beavy metal concentrutions and SOD activity 1§:§ ", sippeliana is weported. Plant samples were randomly collected
fron: Segara Anakan. Cilacap. The analysis was conducted using the bio-concentration factor (BCF), translocation factor (TF). and
lincar regression in the SPSS program. It was Tound that Ph. Cu. and Za kvels in Scgara Anakan Cilacap sediments were still within
aceeptable linuts, whike Cd keve) was moderately polluting. Metal accumulation was higher in the branches of C. ippefione compared w
those in oots und leaves. The SOD activity of C. Sippelione in Scgara Anskan is scemingly not relited to metal contents in plant pants.

Keywords: Bio-conwentmation factor. Ceafops Zippelinna, beavy metal accumulution, SOD activity . tinslocition Lixctor

INTRODUCTION

Ceriops Zippeliang Blume is one of the two Ceriops
species  (Rhizophoraceaey that occurred in Indonesian
mangrove forests. while the other one is C. ragdl.
According to te IUCN Red List. C. cippeliana s
categorized as Least Concern with decreasing population
trend (IUCN 2008). As a member ol Rhizophoraceae,
which is the most common mungrove lumily in Indonesia.
one arca of C. Zippefiane geographical distnbution is
Seeara Anakan Cilacap. Central Java. This is an estuary or
delta locuted at the mouth of main rivers in Central Java
south coast headmg to the Indian Ocean. Despite being
blocked by Nusakambangun Islund from the open ocean.
mangroves in Segart Anakan recene the influence ol the
Indiun Ovean currents. C. zippelicna grows in the castern
part of Segura Anukan Cilacap. The mangrove vegetution
in this area is pressured by land conversion as well as
pollution caused by an oil relinery mdustry {Supriatna et ol
2018: Sih Piranti et «l. 2019; Setyuningrum et al. 2020,

As a true mangrove species. C. sippeliana has extensive
morphological. anatomical. physiological and molecular
adaptations.  allowing  growth and  development  in
environments with signilicant environmental stress. such as
salinity and heavy metal (Rodriguez et al. 2012; Srikunth et
al. 2016; Surya and Hari 2017). This mechanism can be
explained by the buildup ol reactive oxygen species (ROS)
as one of the metabolic alterations that occur when plants
are exposed to salt and heavy metal stress (Hasanuzzaman

et al. 2020). Plants produce ROS as a consequence ol
regular cellulur metabolism. However. when there is a
disruption in the environment @, increased salinity und
pollution). the equilibrium  between  production  and
climination is disturbed. When present in excess. ROS
rapidly  inactivate  enzymes. damage  vital  cellular
organelles in plants. and destroy membranes by inducing
the degradation of pigments, proteins. lipids. and nucleic
acids, ultimately resulting in cell death (Kuruppanapandian
et al. 2001y, Raju et al. (20173 lound that ROS can disturb
normal metabolism by causing oxidative damage to lipids.
proteins. and nucleic acids. as well as impairing membrune
function (Hasanuzzanun et al. 2020).

Not ull ROS are free radicals. Some ROS are rudicals.
such as superonide union (Ox). hydroperoxyl radical
(HO:). alkoxy radical (RO) and hydroxyl radicals (OH).
while others are non-radicals. such as hydrogen peroxide
(H:0:3 and singlet oxygen (O:). Superoxide radicals are
extremely harmlul when combined with hydrogen peroxide
{H:02) because  they Torm hydroxyl  radicals  (OH)
( Hasanuzzaman et al. 20209,

Plants have defense mechanisms  to deal  with
environmental stress. Activating antioxidant enzymes is
one of the antioxidant defense strategies in plants.
Superoxide  dismutase  (SOD).  cataluse  (CAT).  and
glutathione peroxidase are some of the enzymes involved.
SOD catalyzes the dismutation ol superoxide radicals (O}
mto H20: and Oz catalase degrades H20: into water and
oxygen: and glutathione peroxidase catalyzes the reduction
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ol H:0: te HO using reduced glutwthione (GSHY and
oxidized glutathione (GSSGH as colactors (Hasanuzzaman
et al. 2017). SOD is considered to be at the forefront ol
oyercoming oxidative stress due to its position as the lirst
enzyme to catalyze superoxide radicals (O (lghodaro and
Akinloye 2018).

There hus been no investigwtion on heavy metal
bioaccumu lution and its correlation with SOD activity in C.
sippelicna trom Segara Anakan Cilacap so fur. As a result.
such studies must be conducted to provide information on
the long-term conservation of C. zippefion’ s well as the
munagement of estuaries and coastal areas. This study aims
to elucidate the accumulation of heavy metal Ph. Cd. Cu,
and Za in C. Zippeliana, as well as the translocation of the
metals in C. Fppelicna. The correlation between heavy
metal concentrations and SOD activity in C. Zippefigna is
also investigated.

MATERIALS AND METHODS

Study arca and period

Sumples were collected randomly from the castern
section ol Segara Anakan lagoon. Cilacap District. Central
Java. Indonesia @t geographical position of 7°6891° §
H0X°99'35" E. They were collected at three dillerent sites
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in the canal. Every sumple was weighed up to 500 g, The
samples were placed in zip lock bags. labeled. and stored in
an ivebox. The Flora of Juva by Backer and Bakhuizen van
Den Brink (1963) determination book was used for
dentification.

Heavy metal content analysis

Anulyzing the metal contents of Cu. Zn. Pb. and Cd in
sediments and plunt parts began with drying the sample in
an oven lor 6 hours at 8G°C lor plants and 03°C for
sediments. The agua regia method (HNO;: HCL= 12 3) was
used to digest 5 g of the sample. which was heated at
100°C for 8 hours until the volume reached 1 mL. Before
heating. hydrolluoric acid (HF) was added to the sediment
sampies. The sample was then cooled to room temperature
and transterred o a 100 mL volumetric flask. where
aquabidest were added to the mark—then filtered using
040 gm pore lilter paper. AAS (Atomic Absorption
Spectroscopy) was used to determine nretal concentration
{Takaring and Pin 20173 The recovery rates ol heavy
metals in CRM are listed in Table 1.

Table 1. Recovery rates of beavy metal concentrations measured
in cetified relerence material and standard deviation

along the estuary. from the outside to the inside. aoross the (""qqd s e il - Yeoweery
oL N 5 " . Flement GSD- 1 IN=3) rate
oil relinery industries (Figure 1. The sumpling was (mp/kg) (mg/kg) €
accomplished in July 2020, et ST e
Cu 2260206 20331472 90
Procedures Zn 46113 32223020 70
: ; : s Pb 2711 27.3810.86 i
Samiple collection and identification = e
Sediments as well as roots, brunches. and leaves of C. ¢ 1.12:005 1.7320.04 e
Zippeliung were tken randomly from three ditTerent sites

SEGARA ANAKAN CILACAP MAP
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Figure L Mg of the sangpling sites in Segaca Anukan lagoon. Cilwcap Disteict. Centeal Java. Indonesia
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Superoxide disniutiase (SOD) aetiviiy assay

The SOD activity assay started with extraction ol roots,
leaves. and branches that have been dried in an oven at
T0°C for 48 hours before being mushed. Extraction was
performed with a 96% ethanol solvent using the muaceration
process. SOD activity assay was pertormed according to
the RANSOD Manual by Rundox Luboratories. with the
following madilications: 20 gL ol sample was added to a
combination ol 1.0DD ul. R1 (1 bottle ol mixed substrute
Ria with 20 xL Buller RIby and 199 gl R2 0] vial of
xanthine oxidase dissolved with 1 mL ol distilled water).
The absorbance ol the reaction mixture was measured at 2
520 nm (Randox Laboratories 2009).

Data analysis
Bio-concentration factor (BCF) ES
Bio-concentration  luctor (BCF) wn be wsed w0
determine the value of metal biouccumulation (Pb. Cd. Cu,
and Zny in plant sections ol C. Jppefivna. cither by active
or passive accumulation. BCF is the ratio of mdividual
metal concentration in the tissue (Civus) to that in the
sediment (Coinend (Takurina and Pin 2017).

BCF = Gisued Coctinent

Translocation factor (TF)

The metal translocation process among parts ol the C.
sppelionae plant was caleulated using the translocation
fuctor (TF). which is the ratio of metal concentration
between two plant parts ( Takarina and Pin. 2017

TFieii 0= CrieatdC et

TFraakw ko= Cleae dChuunch

Superoxide dismutase (SOD) activiey

Pearson correlation in the SPSS program was utilized o
estublish the correlation between metul concentration and
SOD wetivity (Bujung and Buharum 20163,

RESULTS AND DISCUSSION

Heavy metal concentrations in sediments

Lead Py concentration m the Segara Anakan
sediments #as found nmging Irom 26,53 o 2824 mg/ke
(Tuble 2) with an average of 27.3% mg/ke (Table 3). These
are stilf within the tolerable levels compared to those in
other  mangrove  locations  (Table 23 In natural
environment. it is available at 70 mp/ke or lower. und could
be toxic to plants when presents at 100 to 500 mg/ke
(Kabata-Pendias and Pendias 2000). Meanwhile. the Pb
concentration is also still much below the standard lor
agricultural soils in some countries. i.e. 80 mg/ke (EPMC.
China). 200 mg/ke (CME. Canada). 200 mgike (TMS
Tanzaniwy. 200 ma/ke (USEPA. USA). 300 ma/kg (EPAAL
Australiay. 330 mgikg (EEA. Netherlunds). 1000 mgike
(EEA Germuny) (He ot al. 2015, and 3000 my/ke
(NOAA) (Buchman [999).

SOB aciviry of Cenops zippelinna
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Pb is i toxic element that causes various physiotogical
comequences. including decreased sced germination. root
clongation. lower biomass. inhibition of chlorophyll
biosynthesis, mineral feeding and enzymatic responses.
The severity ol these eflects depends on the length ol
exposure. the stage ol plant development. the orgun
understudy. and the Pb concentration involved. Pb enters
plants mostly through roots. notubly the apoplast route or
calcium ion channels (Pourrut et al. 20113, On the other
hand. Pb enters plants in litle amounts through leaves
(Ghosh and Roy 2019). The sumpling site in Segara
Anakan Cilacap was located less than | km from an oil-
refinery ared with various  pollutants. including  air
pollution. As one ol the pollutants from the oil refinery
mdustry. Pb can also enter the leaves through the air. along
with other heavy metals (De Agostini et al. 2020). but it is
not used in plunt physiological processes. This could
explain why the concentration of Pb in the leaves is higher
than that ol Za or other metals.

The concentration of cadmium (Cd) in the Segara
Anakan sediment. in this study ranged from 169 w0 177
mg'kg (Table 2) with an average of 1.73 mg/kg (Table 3).
which is higher than those of natural levels. Nevertheless,
the Cd concentrations obtained are not excessively high or
moderate compared to those in other places (Table 2). Cd
values of 0L1-1 mgikg are Tound naturally in soil (Smolders
and Mertens 2001 3). Standards Tor Cd in agricultural soils
from numerous countries are (111 mg‘kg (US EPA USA).
0.3-0.6 mg/Ke (EPMC China). | mg/'ke (TMS Tanzania), 3
mg/ke (EPAA Austruli). 3 mgikg (CME Canadw), 13
mg/kg (EEA Netherlands). 30 mg/kg (EEA Germany) iHe
et al 2015). and 100-200 me/ke (NOAA) (Buchman 1999).
This means that Cd concentration in the Segara Anakan
sediments is higher than natural values and  exceeds
American, Chinese. und Tanzaniun standards. but still
below the standard ol others.

Cd is a non-essential element that has deleterious
impact on plant growth and development. Because ol the
generation of reactive oxygen species (ROS). Cd can cause
metabolic problems in plants by inhibiting nitrogen uptake
and wansport. reducing plant growth. lowering chlorophyll
and carotenoid content. and inhibiting photosynthesis. Cd
enters plunt tissues through the soil and water. along with
olher nutrients.  which e absorbed through  roots.
wunsported through xylem. and stored i various tissues
(Ghosh and Roy 2019). Cd is generally accumulated in
vacuoles or cell walls. This accumulation was identilied as
one ol the Cd detoxilication and tolerance mechanisms
(Uddin <t al. 2021). It restricts and limits the lree
circultion of Cd ions in the cytosol. Like other metal ions.
Cd can be taken from the air. deposited on the leal surlace.
and subsequently absorbed into plant tissues (Ghosh and
Roy 20193,

Copper (Cu) concentrations in mangrove sediments in
Setfra Anakan ranged rom 15,61 to 2506 mg/kg (Table
2) with an average of 20.33 mg/kg (Table 3). which are still
moderate when compared to those in some other places
(Tuble 23, Cu standards in agricultural sotls we 100 mg/kg
(EPAA Avustralia), 1530 mpkg (CME Camada). 150-300
mg/kg (EPMC China). 190 mgikg (EEA Netherlands). 200
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medke (EEA Germany). 200 mpiky (TMS Tanzani). 270
me/kg (US EPA USA) (He et al. 2015). and 10.000-25.000
mefke (NOAA) (Buchman 19993 Thus. it could be said
that Cu levels in Segars Anukan sediments are still below
the stundarc - for agricultural soils in the countries.

Since required in emzyme sysems  related to
photosystem 11 clectron  transport.  mitochondrial  and
chloroplast reuctions, carbohydrate metabolism. cell wall
lignification. and protein synthesis, Cu is an essential
element lor plunt growth. This metal. in particular. ser s
as a voluctor for metalloenzymes (Kumar ot al. 2021, Cu
can be toxic to plant growth il the concentration level in the
sediment exceads 800 mg/ke (Marques et al. 2018). This is
about 30 times higher thun those observed in Segara
Anakun sediments (Table 35

Compared to the other metals. the concentration ol Zinc
(Zn) in the sediment. roots, and branches ol C. Zippeliana
in Segura Anakan was found Behest. This is «s Marschner
(2011, who cliims that Zn is the second most prevalent
transition metal in living organisms after iron (Fe) i Bulalrej
et al. 2020). Zn concentrations in Segara Anakan s¢ ments
ranged from 3203 to 3243 mg/kg (Table 2y with an
average of 32.23 mgikg (Table 3). This concentration has
not exceeded its normal level, and it is also guite modest
Bmpwred o other locations (Table 2. Nutwral fevels in
soils and rocks ure typically between 10 and 300 myikg.
while those in rivers are olten less than 2.2 mg‘ke (Noulas
et al. 2018). Zn standards lor agricultural soils in some
countries are 150 mgfke (TMS Tanzania). 200 mg/ke
(EPAA Austrulizy. 200-300 mg/kg (EPMC China). 500
mgikg (CME Cunadid. 600 my/kg (EEA Germany), 720
my’ky (EEA Netherlands), 11D mgike (US EPA USA)
tHe o al. 2015). and 70DD-3R0M myke (NOAA)
(Buchmun 1999). This indicates that Zn levels in Segara
Anakan sediments are less than the standards.

Zn is found in soil due to the pedogenetic process ol
washing the source rock { Wuana and OKieimen 201 1. This
metal influences cell division and dilferentiation, as well as
plant development. reproduction. and vell signaling which
includes ‘A replication.  transcription, and  protein
synthesis. y enzymes. such as carbonic anhydrase,
carboxypeptidase. and Zn-superoxide dismutase. reguire
Zn us a voluctor {Bulufrej et al. 2020

According to NOAA. the sequence ol metul
concentrations  from  high w0 low s CuZi>Pb>Cd.

implying that Cu may be greater thun Zn. or that Zn may be
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greater than Cu. In addition. Ph concentration comes alter
Cu or Zn. and Cd comes last ( Buchman 1999). Sediment
metal  concentrations  in Segara  Anakan  were
Zn>Po>Cu>Cd. The Pb concentration is still below the
imternational  standard set by various countries and the
NOAA. as previously stated. Even so. because the Pb
concentration was higher than the Cu concentration. it can
be said that Pb in Segara Anakan was relatively high.

Heavy metal concentrations in plant parts compared to
sediments

It cun be seen from the analysis ol sediment sumples
from the three different sites and a total of nine sumples ol
C. Zppeligna plunt parts that a relatively  similar
distribution of’ clements in sediments. roots. and branches
were observed. ie. Zn>Ph>Cu>Cd. However. this was not
the case with leaves, where P>Zn>Cu>Cd (Table 3). The
average concentration fevel of individual metal in the plant
parts of C. Zppelicne showed a relatively simile pattern.
m which branches had the highest metal concentrations
lollowed  seuentially by mots  and  leaves.  This
demonstrates that roots, as opposed to branches. have a
stronger potential to absorb metals rather than accumulate
them (Takaring and Pin 20173 On the other hund, the
branch tissue can store more metals. including non
essential metals (Arumugam et al. 2018). This could be
related to a long-term accumulation of metals in the
branches (Marchiol o al. 2004). R are more susceptible
to metuls than shoots are. because roots are the first crgans
to come into touch with metuls (in the soil). and they
accumulate metals in higher proportions than shoots do
(Tiryakioglu et al. 2006: Hilmi et al. 2017).

Toxicity and even the uselulness of an element for
plants are both subjective. Plants can demonstrate a
phytotoxic response or tolerance with the buildup of metals
i their bodies. as indicated by Mishra et al. (20006).
depending on their demands, endurance. and environment.
Phytotoxic responses such as chlorosis. necrosis. wilting.,
decreased growth. lower biomass (Kumar et al. 2016).
stunting. and decreased crop yields. have all been observed.
Meanwhile, the tolerance response can be indicated by
enzyme activity (Hasanuzzaman et al. 2020) or detoxilying
mechunisms. such as selective metal absorption. excretion.
synthesis of metal compounds with specilic ligands, and
metal compartmentalization (Pourrut et al. 2011).

Table 2. Heavy metal concenteativns in sediment sampkes Trom castern part of Scgara Anakan compared to other locations

Heavy metal concentrations (mg/kg)

Locations N Ph cd Cu 7n References

u Anakan Cikcap 3 2653-2824 1.69-1.77 15.61-2506 A2.03-3243 This study

a Anukan Cilacap M - - 16-84 39480 (Syakti et ul. 20151
Segarn Anakan Cilacap f AUh-2]1 99 043221 - - i Hidayati et ul. 2004
Jakarta Bay - <LOD-357 <LOD-13 <1OD-515 - i Siregar etal. 20161
Comst of Red Sea 15 13.5-230 ND-548 45.5-280 (Usman et ul. 2013
Hunan [sand. Cina 12 11-19 006012 b-18 iQivctal. 2001
Kathmundu. Nepal A 2096-31 81 023030 25.30.279) (Yan<tal, 2012)

Note: the values we bised on the runge fromt nusimon 1o maximunt concentration from cach study. (N pumber of samples: -2 oo

measured)
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Tahle 3. Hoavy metal concentations in sediments and Cerdops
sippeliena samples from castern paet of Segura Anakan

SOB aciiviry of Ceriops dppehuna

Mean of beavy metal concentration = stdey (mpkg)

. Cd Cu Zn

Sediment 3 27382086 172004 202333472 3222:020
Root 2 16682987 0923084 7822210 254821211
Branch 3 29642050 2112013 260723223 41.94138.80
Leaves 3 13432059 0712007 233007 6. 782338

Bio concentration Jactor (BCF

Based on the average value of BCF. Zn>Pb>Cd>Cu
sequence ol concentrtion levels in the roots with an
average value of less thun | was observed. Dillerent
sequence of Zn>Cd>Cu>Pb with an average value of more
than | was found in the branches. while P>Cd>Zn>Cu
with an average salue of less thun | was obtained in the
leaves (Table 4). The Bioconvemtration factor value is
divided into 3 fthree) categories: with a BCF value >1 is
classilied as an accumulator. BCF value = | cun be
categorized as wn indicator. while BCF value <l i
classilied as an excluder (Mastaller 1996 i Isroni et al.
202. Each species has a dillerent ability to absorb heavy
metuls from #ts environment. Several other mangrove
species have a high capacity to absorb heavy metals from
their environment. Even Xviocarpus granation. Sonneratic
alba. Rhizophora apiculata. Bruguiere gyvmmorchiza, B.
parviflora. C. tagal, and Lanmniezera racemosa can have a
BCF value of more than 2 (Analuddin et al. 2017). In
addition. the older tissue can store more metal, and the
BCF value can be greater tMejias of al. 20813 In this study,
the BCF values indicate the ability ol C. Zippefivna to store
metals absorbed from the environment in its pluant tissues. It
is likely that in C. Zippeliana the ability to store metals in
branches is higher than that in roots wnd leaves.

Tuble 4. Bio-concentration factor iBCFr of heny metals n
Certops ippeliana samples from eastem part of Scgara Anukan

Plant parts rh Cd Cu Zn
Row Min 035 006 033 027
Muax 107 1.8 Q.50 .12

Meun .60 053 042 0.7y

Branch Min 103 149 15 .39
Mux 132 1.4 286 298

Mean 1407 121 149 1.3

Leaves Min 048 0.37 o0 007
Max .50 045 015 .31

Mean 04y 041 0,13 0.21

Transiveation fuctor (TF)

Trunslocation  factor (TF) is used to wnalyze the
movement of elements [rom roots (o shoots und to evaluate
the phytoextraction capability of plants by comparing metal
concentrations in leaves. branches. and roots (Marchiol «
al. 2004y, Figure 2 shows that the highest TF walue was
found from reots to branches with an average of more than
1. where Cu>Cd>Pb>Zn was observed. In contrast. the TF
values from roots to leaves and Irom branches to leaves
with an averuge of less than | respectively were obtained.
This indicates that metal translocation from roots o stems
is better than that from roots to leaves. where the speed ol
translocation is alfected by the wansport network capillary
system (Tukarina and Pin 2017 R is also reveuled that
metal accumulates continuously im branches throughout
time and that brumches have a higher phytoextruction
potential than those of roots und leaves (Marchiol @ al.
20043,

r
£ .
r
., ..
= [ - S
£ nax “—-—-——-—
- ; .

translocation facter

Figure 2. Diagrant of cach metal’s translocation fctors (TFin plunt sections of Cerinps sippeliana




5632 BIODIVERSITAS 22 (12 5627-5635, December 2021

Zn was detected at the highest concentration in the roots
and branches ol C. zippelivne. The high Zn concentration
in the roots und branches may be due to its high
concentration in the sediments (Thanh-Nho ot al. 2018).
Each metal concentrution was lound higher in the roots
than in the Jeaves. This may occur because roots are the
organs that mteract [inst with various elements and metals
in sediments. Moreover. the highest metal concentration in
the brunches suggests that C. Zippedivaa could accumulate
metal in tissues Jadiz and Fulekar 2008,

The concentration of Pb in the leaves was found higher
than the other three metals. This can be the case because Pb
enters the plant through the leaves from the air. especially
since the sumple was tuken Irom near an oil relinery.
contributing to Pb contamination through the air. On the
other hand. Cu can be bound to organic debris. reducing its
availability in leaves (Lacerds « al. 193). Cu and Zn
concentrations in leaves are thought to be lower than that ol
Pb because they are widely used in biological metabolic
activities (Lacerdu et al. 1993 Arumugam et al. 2018,

C. zippeliing was shown to have phytoremediation
capability by accumulating most metals in its branches as
cun be seen Itom BCF and TF values obtained in this study.
This is in accordunce with Judia and Fulekar (2008),
suggesting  that tolerance to heavy metal. high metal
accumulation ability. abundant root system. and  high
bivaccunmu lation lactor are sonwe ol the churacteristics for
plants that can be applied lor phytoremediation. Lacerda et
al. (19933 also noted that BCF might be used to determine
how well pluts adapt o their environments.

Correlation between metal concentration and SOD
activity in Ceriops cippeliana
It was lound that branches showed the highest SOD
enzyme wctivity (1555721566 Urml. lollowed by leaves
(10423007 Uiml and the roots (98723390 Usmb. The
significance value of the pvalue for cach clement was
0062 tor Pb; D070 for Cd: D967 tor Cu: and 10992 Tor Zn
when it was correlated to metal concentration in individual
part of the plant using Pearson correlation. All the lour
metal clements showed a powalue greater than 005,
implying no significant  relationship  between  metul
concentrations in plant purts and SOD enzyme activity
overall. Several previous studies have also shown that
enzyme aclivity can increase or decrease i response to
metal treatment ( TiryaKioglu et al. 20006; Hu et al. 20073,
The adtivity of the SOD can decrease or increase
epending on the amount of Pb present. In this case,
individual plant has also unigue response. SOD activity can
increase and  deerease i aguatic  plants  Potamogeton
erispus due to differences in Pb treatment (Hu et ol 2007).
When compared to control plants, SOD activity decreased
at 10-20 mg/L Pb concentrations but mereased ugain at 50
mgfl. Pb concentrations. Lethal Pb concentrations in P,
crispus are estimated to be between 10 and 15 mg/L.
Mishra et al. {2006) reported dilferent responses in the
aguatic plunt Ceratophytlm. showing that Ceraropirvihnt
could show an increase in SOD as a positive tolerance

response at moderate Pb concentrations (1-25 pm) and that
SOD activity decreased with increasing duration and Pb
concentration (100 gm) (Hu et al. 2007). Thus. it can be
deduced that cach plamt has & tolerance lor different Pb
levels. which allects the SOD activity. Similarly. Pb levels
in the brunches ol C. Zippeliana rom Segara Anakan were
relatively high (Figure 3). which comresponded to high
SOD  activity. Meanwhile. even  though the Pb
coneentration in roots was higher than that in leaves. SOD
activity in roots was lower than that in leaves. The ability
ol Pb to induce ROS accumulation might cause a change in
the@tivity of the SOD enzyme.

It is widely accepted that Cd toxicity causes oxidutive
stress in plits by causing the formation of ROS
(Tiryakioglu et al. 2006). Cd can cause oxidative stress in
plants by increasing ROS production (Luo et al. 2011).
Plants can be protected from oxidative damage by
mereased SOD activity alter being exposed to low Cd
doses. SOD adtivity. on the other hand, decreases when
exposed to high doses of Cd (Tiryakioglu et al. 2006). As a
comparison. in leaves and ro s of B, gvinorchiza and K.
condel with treatment THM (1.0 mg/] Pb, and 0.2 mg't Cd
ud Hg), SHM (live times higher). 10[IM (ten times
higher). and 15HM (fifteen times higher). Leal SOD
activity decreased @t THM for both species compared to the

ntrol. but increased with heavy metal concentration.
SOD activity in B. gymmorrhiza peaked at SHM and
decreased to control levels at 15HM, but remained high
than control at 10HM (Zhang et al. 2007). SOD activity in
K. candel peakad at TOHM and remained significantly
- than controls at I5HM. Dillerent results were
obtuined in sorshum with SOD activity decreasing wt
moderate Cd concentrations (25 M) and increasing at
higher Cd concentrations  (30- 100 #M) (Hassan et al.
20205, In the other hand. C. decandra il has lower SOD
activity than Thespesia popuinecides and S. apetala. with
an average ol 149 (Vadlapudi and Nuidu 2009). As a
result. the level of Pb and Cd concentrations that can
inhibit or increase SOD enzyme activity in plants,
particularly C. zippelians. is unspecilied.

Aside Irom antioxidant enzymes. plants have other
defense mechanisms. For example. immobilization or
detention of Cd in the cell wull to prevent Cd [rom entering
the cell. compartmentalization or accumulation ol Cd in
vacuoles to limit circulation and prevent Cd from entering
the cytosol. exclusion or release o Cd through cell
membrane dillusion. and Tormation ol Cd into complex
compounds in the torm ol phytochelatins, as well as to
prevent the free circulation ol Cd in the organ. Metal-
binding to sulfhydryl or thiol groups (-SH) is an example of
phytochelatin because Pb and Cd have a high allinity lor
sulthydryl groups. However. due to the inhibition of
tunctional sulfhydryl groups in the action of SOD enzymes.
this binding can alter antioxidant activity (Patra et al.
2011, It is possible that the sullhydryl groups binding to
Pb or Cd caused the decrease in SOD enzyme activity in C.
Sippelivna in this study.
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Figure 3. Corrclution between beavy metal concenteation and SOD sctvity n Ceriops Sippeliana. A Pb.B.CA. C.Cu. D. Zn

Cu content also reported as one ol the ladtors
inlluencing the increase in SOD activity. Cu content in
increased  with  increasing  Cu
concentration due to treatment. It also alledts the decrease
in Fe and Mn content in leaves and roots (Karimi et ul.
2002). The increase in Cu  concentration  was  abso
accompanied by an increase in SOD activity active against
ROS (Karimi et al. 20123, In this cuse. Cu gets as a colactor
lfor the SOD cnzyme. Although Cu is an essential metal
needed by plants. Cu can also be harmiul to plants in high
concentrations. Cu content that inhibits SOD activity
Jatropha curcas Lo owas 80D gmol (Gao ot al. 2008),
therefore it may be stated that Cu in C. Zippeliana lrom
Sesura Anukan has not reached the level that inhibits SOD
activity.

With an increase i Zn concentration in plants. the
activity of SOD can increase. This can be explained by the
fuct that the presence of Zn as a coluctor is reguired for
SOD (Castillo-Gonzilez « al. 2018). SOD can work
adequately when Zn is available in appropriate amounts. In
order to increase enzyme activity. the duration ol Zn
treatment is also essentiad (Bharti ot al. 2014). Smilaly. @
Zn delicit might reduce SOD activity. In this case, the Zn
deticit mainly influenves the decline in Cu/ZaSOD activity.
but Zn deficiency has little elfect on MaSOD activity. Even

leaves and  rocs

il the Zn concentrtion is the same. the symptoms ol

elfiviency can be ol vurying severity. This is due to a
dillerential i the guantity ol Zn that is physiologically

active instead ol the overall Zn concentration {Cakmuk o
al. 1997).

Similarly. it was found in this study that the increase in
SOD activity of C. Zippelivna could be due to the
availability ol sutlicient amounts of Zn. However. it could
also decrease due to a lack ol physiologicully active Zn.
Furthermore. according to Balalrej et al. 2020) because
Zn and Cd have competitive interactions, the presence ol
Zn 1 organisms can prevent Cd toxicity. On the other
hand. if an organism is lacking in Zn. Cd toxicity might
rise. which is. of course. linked to an increase or decrease
m SOD sctivity. Other [actors that are thought to inlluence
SOD activity include salinity (Carrasco-Rios and Pinte
2014 pH (Kushkevych et al. 2014). or the presence ol
mhibitors such as H202 compounds {Husanuzzaman ot al.
202, KON, methyl viologen (Takagi et al. 2016). or
nitration reactions that may oceur in the plant body
(Holzmeister et al. 2015).

It could be concluded from this study that the levels ol
Pb. Cu. und Zn metals in the sediments ol Segara Anakuan
Cilacup were still within acceptable limits, while that of Cd
wus considered at polluting level though not excessive. €.
appeliana in Segara Anakan showed brunches as the most
metal accumulating parts compared to yoots and leaves.
The SOD uctivity in €. appeliana from Segara Anakun
showed « complex interaction with some factors other thun
metal concentrations in plant sections.




5634

A

NOWLEDGEMENTS

The authors are sincerely sratetul to the Institute (or
Reseurch  and  Public  Service  Univensitas  Jenderal
Seedirman Purwokento lor {unding this project under the
scheme ol Kiser Instautional Unsoed W21 (Chancellor's
Decree number  of  IDAVUN2ZFHKO220205.  High
appreciation is also addressed to the Faculty ol Biology.
Universitas Jenderal Soeditman. Banyumas Indonesia and
Universitus Muhammadiyah Muagelung. Indonesia for all
lacilities provided.

REFERENCES

Anshwkiin K, Sharas S sl Sepriana AL Saludkn 1 Rusnse UL Nadaoks
K. 2007. Heavy moctal lrosccummululion th tnangin ¢ coesysom at the
coral mangle ccoregion. Scutheast Sulawost, Indenesa. Mar Pollut
Bull 125002y 472480, DOL L HIe uarpolbul 201 2

Arunugam U, Rigendean R Ganesan AL Sethe B 2018, B
anel s tocakon of heay y metals th mangro e dezosg
e sues of Avicene mertae o Leld study Trom by,
torest. Baviem Nawdtechoe! Ment Manog e 27
LRI oo 2018 00 005,

Balateey H. Boguse D. Trspe, ZRIA Goedia AL Bendaeu N, Smoum AL
Fabr M. 2020, Zine by paaccuaniation o planis. X reves . Plans @
150502, DOL I(l SIUE planisBUS056 2.

Bharte K. Pandes Mok inthar 1. Seovietava PO Shaokindlag SC. 2014
Llect of dutterent 2o fevels on acuvily of suporosades desmutases
wkl wowl phesplistises and orgame acwd cawdation on whea
genolypes. Physwel Mol Bud Plants 20 1lx 4148 DO}
161007 229841 3 4201-7.

Buovher LI, Zumpelle FU. 1980, Lead eaposure m a patrelewn refineny
<y o ntenance amd repan activaies. Appl Occup Emvuon g 0
120 125 150 DOE F0 TR0 [T 322N 193 105N

Buochnun ME. 199 NOAA Screamong Queck Referencs Tables
I Nutwenal Occanec amd Atosesphons Admuratston.

Bumng MA. Baburum N. X6, Sample stze sudeline G conrelatzon
analyss. Warldh J S Sa Res 3 1lx 3746, DO
T 22158 w s Sl 57

Cokmah 1. Oawh L. Iher S, Torun B, Kalta ML Yidmas AL 1Y
Concentrotton of 2 ol acivily  of  coppern anc-supere mt.
doserutase w leaves of ryve wnd wheat culiyans deffermg w semtinvaty
W oz Jdefwmmy. 3 Plamt Phosel 1310 2 9195, DO
(LR B R CHED P AR Rl

Cansoe-Rios L. Puse M, 200, Elca ef salt stos on amseckin
coeymes and Lpd pereasdation w kaves w e centiasung cora.

and “Jubtikee” Chal J Agric Res 24 1) 8295, DOL:

urnnlston
dunenis
i fRagoe
AL POL

- Sqmits.

(B S AU AR L L HET TS
Cugon AL 2120, Momwering
iy

e Agesum AL Cores P
s bags around an ol A cniwal ovaluauon oyver 16 years,
Atmresphicre 1103 2720 B atones ] 1030272,

Drwzkiewics M. Sharzyinka-Pola B Kiupa, Z. 2008 Copper-uduced
onhatne sress wnkd anteasdant defenee Arebtchspsts thattane .

vl wr polluten by

BueMoatals 1z (213 ST Doy
HEIO23 B BIOMEDOOG20 41 7 I8 154 22

Gae S YanR. Cao M. Yang W. Wang S, Chen . 2008, Bffects of coppar
on grewth, anteasdant enzymes and phomy alimne anunoma- lyase
witvilies i Sxiraphe cwrcos 1o seedig. Plam Sod Bmvaen 3405
HZ122. DOL 101722172688 pae.

Ghosh R, Roy S 2019, Cadhmum tessaty i plants. Umvatling the
pho scochenmcal wd meleculn aspecis, o Cadomoen f
Plamts. Agrememne. Molecolar, Stgnaliine. ad Ooee &
Elsevier Inc.

Mabmud 3. Fupta M. Fatopoutos V. X120 Reacine oxyeen spo
and anteesedant defome o plants under bt stress Rovaatung
sroctal role of o umyersal defonse egulaior. Anteardants ¥ i8). 681,
DOE K S3 %0 anto IS0 81 .

Hasanuvzzaroan M. Nalar K. Ance T Jupta M. 20017, Glaathone w
planty Bursy nthests s plo swlegcal role o emvisneniul siress

BIODIVERSITAS 2Ii12:

362F-5035, December 2021

wlerance . Pliysud Beod
L PERZN ] 22080 744222
Hassan MJ. Roza MAL Reban SU. Ansan M. Guiane Ho Khan 1 Wagpd M.
Al M. Shake GAL Peng ¥, 12 £, 2020, BHeot of cadlomumn oany
wn mrowth, eadane  danw anttoatdant  Jdeteree system andd
cadimum sccumulation m s sorshom coltovas, Planis 9 1 H x 1575,
DOL 733800 plants 1S
He 7. Shentn ). Yang N, Ba
oxtal conturmnatam ol s
Lvion b 9 17418
Hdapute NV, Sucgar A8 Sant LK, Potia GL. Hutene, Nugrals 1P, Syaku
AD. 2014, Pendugaan tnghat kentanenas logam berat Pe . Cd dan
Cr pada azr dan sedimen & parsran Segars Anakan. Crlocag. Omn
Auaha N 1 I8x 35300 POE 020884 Laa ’ﬂH RN EN
Hodonexan!
Hhlom k. Sucgmr AS. Syuhin

Plamts 235 120 249268, DO

¢ VO, Zhang T, Swottella PL 2015 Hony
i Svwrces, ahcators, and assessmen, J

AD. 71

i
Dol

12 (2 2538,

Hu'rm:',\m = l-.nl;\,~ B b.'u. AL Suneglu i Satder M. Dumer 3.
Laberomyr C. 2005, Prfferonts bt of arabedopsis superoaide
dhsmutases by peroay mirie-medaled tymsne muation. ) Exg Bot 66
150980098, DOL U093 b crud 3,

HudZ She GX. Xu QS Wang N, Yuan Q3. Dy K. 2007,
wn e actn SUiMaYenZung G sl
w Pstamo e

Effects of PB
and ulirastuciure
2 eresgaes leaves, Russ I Plant Physeol 34050 4 1419,

DOE L SHZEHS07sa1s]

ghode OM. Akipleye OAL 2008, Fust boe ckfence anueadams
superiasie  dismutase 15013, catalase 1CAD and slutattuone
pemendase 1GPNY They fumlamental role to e entue ankostdint
defence gl ssamdria 1 Mad 54 ade IR7-2030 DO

KELOTO pagme. 20 ®EKn],

Isrom W Babut AS. Mounlsla N, 2001 Asessng boacoumuiation of Pk
ad Cu of mangreves w Sannsh . ldonesa. ool Eoviren
Comary 26045 [381-1386.

NICN. 2008,
hupsowwa uomadlistong speciey 7RSI 2761193

Jacka CD, Folekar, MH. 208, Phytaoacity and remediatien of hewy
mctals by fibrous root grass tsorghum. J Appl Buose 1 aly 491
jon

Kubat-Pondlios AL Pendhias H.
1d B CRO Py

Cevops Sippeiana

2000 Traoe Blements 1o Sods wd Plants

s. Boca Raten. Honda,

Karum P, Kb Negad R, Nikam V. Gladwemannegad ¥ Nagadt .
2012, Fixe Effec aaveas capper on antunsdatne eney mes. lipd
pereasdaton. prolue. chiorophy L wnd concentration of Mu. Fe. and
Cu o Astregalies nesmabavsir. Sa World 3 20020 615670, BOJ
KON 201 261567

Rauppanapanckan T. Moeoen JC. Kun €. Manoharan K. Kun W, 20110,
Reuctne oxygen speawes e plants Ther  gencation. al
tansduction, ail scnengmg archmsos. Aust) Crop S 5 160, 7

25,

Kurzlowaht TT. Pallardy SG. 2 nation aml adaptive respunses wi
woods plants o ens conaeniil siesses, Bot Reey 68123 334,
Kumar D. Singh D, Baroan 5. Kunar N "(llfn Heavy mctal and theu
wn p,..ml sylem: An ovenvies . In \uwh A, l'm».nd SM.

Kueruar \ Parshia S \mg.h\\lhu (:l‘ \lumu \ Munm }s ham P. Bul
AS. Scua R. 2021, Copper momvalubliy, uptake, oxaly and
wlcrance w plants A cemprehensiye seviesn . Uhemwespliere 2620
27810, DO 16 1016 cheapspie

Ranbhevyeh IV, Antemak HiL. Fatula R\
propenies of
B satfovibre

4

2014. \\h\l amnd Kinetic
superoaide dismutase of the sulfate-reducng baciena
prer Vib T oand Deselfenirebiens Rexl-9,

Mewcrobeol Brotechnol i 26-35. DOl (LN $2307-
F663 2014 412848409,
Lacerda LD, Canvallie CRV. Tamzake KF. Ovalle ARC, Rezomde CFL

1995 The bregeochemtny amd trace metad s ol thution of nangnnge
rinzrspheres. Bt 25130 252 DOL 102317 2588785

Lorg DI, Rantala, RTT. 1992, Manuad for the geochenncd anidyses of
roartne saduments aod suspendal prcculaie matier. Banth Se Roy 32
0y 235283 DOE 0016001 2-8252 0200001 -A.

oo Ho Lo WL Zbane N. Fu 3 2001 Anttesadant responses and gone
eapressen m perennuad negrass Wadien perense 1.5 ok cadiotum
stress. Bootong ey 20 1 TTOTIN. DOL KLEOEAndn a1l
628y




SURMARANI ¢t al.

Marchrol L Assodant 3. Saceu P Zorke G 20 Pl ocxintam of haon y
metals by canola 1 8ressee sepes) ol nkksh WRaphanes satines)
grown on oultcentanenaied sl Eovaon Pollut 132 90y 2127,
DOL 101016 pempel 2000 G 0 ]

Margues DM, Vaonese Jaone V.oda Sthva AB. Mantovam JR. M, RGN
PO de Souza 1O 2008 Coppar Toscity on pletosy nthaiie rospomaes
wed roxt menphology of Hosenaca coard L. 1Cuesaly keaey.
Water Au Saul Pollut 229 1535 DO B EKZAI20-018-5769-2.

Moas CL, Musa JC. Owre ). 2005, Eaploratory  ovaluaken of
setranslocation axd roconcentnation of oy mctals o tree spoaies
ol mengrone at Las Cuchardlas Mansh, Pocnte Ree J Trop Lide Sa 3
P B 220 DO HU S aia a3 0 215,

Mashra S_Senvastava S, Trpatln RD. Koot R Sath OS. Gupta DK 2006,
Lewd dewniuton by coomtl 1 Coreieplnliens  danrrsss 1)
unobyes tdociion of phytochelatins and antwsadant sysicm
paapuine (o s accumulation. Chenrsphere 5 16 10271059 DOY
W6 g henmosphere 20613035

Noulas . Taouvalchas M. Karyots T, 2008, Zinc tn sl warer axd
toud crops. J Trace Elem Mal Bwl 490 23226000 DOIL
LG 6 emb 20I8 02009

Fata RC. Ravray AR, Swamp 13 2001 Oaclative wreas i ol aned
cabomurn koacly amd s arochoration. Var Med lal 200 1 457327
DOE 10461201145 b

Feoout B, Shabed M. Dumat C. Wenkenton P Paelle B 2001 Lead
uplahe, ety . ad detonficaizen n pants, Rev Emvuon Contatn
Foxcol 2135 113-136. DOL 101007 978-1- 41 19-9860-6_1.

Qu YW, Yu K¥. Zhang G. Wane WX, 2001, Accunulavon sl
partiomng of soven Wace metdds tn oangroves il seduncnl cores
em tuee osuanne wotlands of Hanan bhland, Chena, J Hazud
Matar 193631638 DOL 10,1016y ghozom 200103001,

Rap V. Mugeed UL Kang 1 Andabe K1 Jehin R 27, Alone e
Intarplay bamoen ROS. horownes wnd MAPRS. Emvion fap Bot
157 B2 132 DO L0 16 jemeapbol. 201 782010,

Rondox Loboratenes 1. 2009 RANSOD Moanoal. Randon Laboratones
ixi

Ruxhiigues HG. Mombal B, Sarhar NC. Ramassanny AL Rajhumar D Mae
RN 2002, Comparaitye amrphology amd watomy of ow aungrove
species i Sambarkans. West Bengal, Juda amd as adaptatien to salue
bt doal J Bro-Resource Stiess Manag 31y 117

Sucgar TH. Pmante N. Pann AK. Rachmawat: N, Tiowthowo R
Dathewatzhy L. Scheazbaver ). 20016, Spaual destrihoion and
scasemd vartaton of the vace hzardous clement contanunataen i
Jukarta Bay . ladbaesia, Mar Pollut Boll 11002y 654646, DO
A prnarpollal 2016 L

Sumlekers I Mertens J. X015 Cadumun. I Alloway B 11300, Heavy
Metals wr Setls Tiace Metals and Metalloesds tn Suils and Theu
Browvatlabiaty . Springer.

SOD gcpvity of Ceriops zippeliana

“wn

63

N

Sethanth 5. Lun SKY. Chen Z. 2016, Mangnne ol Adaptations and
eevlegicil unpoetace. Jrees Suuct Funct 30012y 431-i65. DOJ
KIIO0Z U685 12354,

Surya S Han No 2007, Leat anatomical sdaptation of some bue mangrne
spectes tn Keruda It J Pharen Sa Res 2035 11-M.

Syahtt AD. Denelas C. Hudayai NV, Rahasis: Gl Vassado L., Komar N,
Prodent P. Doumreny P 2005, Heavy metal concentrattons tn natural
sl heepanaenpaciod seduments of Sezara Anakan Lagoon, Indenesa,
Emviron Mot Assoss 187 4079 DOL 1100710661 0 14-3079-9,

Tuhagt D, Takenm S, Haslegucls M. Sepam 1. Mupake C. 2016,
Superoask awl singlet esygen produced wathen the thylakowd
scinbranes buth Cawse plivtesy stem | photomlebton. Plam Pliyssol
17135 1626-1631. DO 191104 pp 16 00216

Tokunne ND. P 1G. 2017, Buocenconuaon  facun 1 BCH  and
Tramlocauen Gctor 119 of hany motals w0 mangrove irees of
Blanohan  fish farm. Makawa ) Sa 21 2 FESL DOL
A P s 212 7S,

Thanh-Nhe N, Murchand C. Stady Nioh TV, Ntw-Trang. TT. 2018,
Meatals geochemstry and covlogical sk asesment e a topeal
mangrove 1Can Gio, Vwanam, Chemosphere 219 363-382. DOL
LI 6 pchemanphere XSRS,

Tiyahwoglu ML ERer 8. Ozkutlu F, Husted 8. Cakoak 1 2006, Antoxdant
defense sy sem and cadumum uptake 0 barley genetypes dffenng
sadoevm telerance. J Trace Elem Med Biol 20150 181189, DOY
WLIG16 g gemb 2005 ] 200,

Udkdin MM. Chen Z. Huang L. 2021 Cadourn accurmmiation . subcellular
dostthution and chermeal tncuommion o hydopomcally  grown
Sesivien purtelovestoen | Avoaccae]. 1LoS One |5 23085 DOL
101571 purnal pose 0244085,

Usamn ARA, Alkwdoa RS, AlWabel ML 20035, Hewny etal
commamnatim wmosehments ad mangroves tom the Coast of Red
Seu Aviconnie smarime as polental metal brosccumulator. BEoutoncol
Lviron Sal 97: 263270, DOL 10,1016 pecoeny 201308 009,

Vilapuwk V. Nude KC. 200 Avigdable onlue teeugh eviduaton of
antoaslant puicnid of selectad mangreye Pants. J Pharm Res 2

Wuana RA, Ohsctmen FIL 2011 Heny ostals m contamenated soils. A
reveew of sowces, chomisiry, nishs amd best avanlable sregies for
emethation, ISRN Bcol 20001 02647, DOL 103302200 1402647,

Yan N. Zhang ¥. Zeng €. Zhang M. Devketa 1P, Yoo 7. 2002,
Relutonshyp between heay y metadl concentiations i sonds sl grasses
of readsade amland o Nepal, bl J Envaon Res Public Health 99
32093226, DOL W 3390 gaph093 209

Zhang FQ. Wang YS. Lou ZP. Dong e, 2007 Bifeat of heavy owtal
stress on antioxtdatiy ¢ mzymes aid bpad poroashition m leaves and
wots ol twe mangrove phot seodlings (Kaedolie candel and
Bragpicse  grisnorc f% 4450, POl
L0 chemosphere




Superoxide dismutase (SOD) activity of Ceriops zippeliana in
- Segara Anakan Cilacap (Indonesia) under heavy metal
accumulation

Uy 4o 7% 2%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

1w
1w

www.pertanika.upm.edu.my 1 .
Internet Source 0

Feng-tao LI, Jian-min QIl, Gao-yang ZHANG, Li- 1 %
hui LIN, Ping-ping FANG, Ai-fen TAQO, Jian-tang
XU. "Effect of Cadmium Stress on the Growth,
Antioxidative Enzymes and Lipid Peroxidation
in Two Kenaf (Hibiscus cannabinus L.) Plant
Seedlings", Journal of Integrative Agriculture,
2013



B =

Habiba Balafrej, Didier Bogusz, Zine-El Abidine

Triqui, Abdelkarim Guedira, Najib Bendaou,
Abdelaziz Smouni, Mouna Fahr. "Zinc
Hyperaccumulation in Plants: A Review",
Plants, 2020

Ramkrishna Nirola, Mallavarapu Megharaj,
Rupak Aryal, Ravi Naidu. "Screening of metal
uptake by plant colonizers growing on
abandoned copper mine in Kapunda, South
Australia", International Journal of
Phytoremediation, 2015

Submitted to University of Bath

Student Papet

Submitted to LL DIKTI IX Turnitin Consortium
Part IV

Student Paper

Exclude quotes Exclude matches

Exclude bibliography

1w

1w

1w
1w

(



