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ABSTRACT

Intensive utilization of heavy metals, pardealady lead and mercury in industey or exteaction in wining areas,
have cansed the wide spresd of these contaminants, thereby further threstening the environment. Consequenty,
the growth and some physiological responses of five metalaccuenlator weed species wers examdned tn response
to mercuey (Hg) and lead (Fb) westmernts. These weed species (Brumcddania noding, Cyperns Eylingin, Dromosa aguaiics,
MMibania simantha, and Paspalurr confugatere] were grown in water culiure using balf strength Hoagland's solution
and subjected o HpNOs)s and PBONG); at O, 0.25 and 0.5 mM for 3 weeks, The plant growth, photosynthesis,
lipid peroxidation and proline content were obaerved. Both Hg and Ph significantly decreased the prowth, but
the response was more tomarkable in Hyg than in Ph westmenis, Hg weatment reduced photosynthede mate
dramatically under different photosynibhetic photon flux density sugpesting that heavy metal Hyg up to 0.5 mM
had damaged the photwsynthetic apparws in sbuost all species except in I agwation. Hg and Pb treatments
caused dramatic increase in leaf MIDA comtens, which was associsred with the significans decvesse of chicrophyll
cortent, Most of the species were tolerany to P trestment up to 0.5 mM except M, syramibs, whils only
. &yilingia and L sguntics were toletant wo Hy teattoent up to 0.5 mdd. The Hy wentment also induced 2 higher
profine content In the leaves of treated plarts, Heven without a clesr increment pathern among the speches, this
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suggpested that proline way have 4 role a5 alarm stress marher than as tolerant indicaror,

Eeywords: heavy meials, metal vosicity, phytoromediation, stress physiology, weeds

INTRODUCTION

Heavy metal polluton is among the recendy
increasing anthropogenic-related environmental
problems  fesulting from  massive  industrial
development. Lead (Pb} and mercury (Hg) are
two heavy metals that spread widely because of
their intensive utilization or extraction from
mining arveas, Lhese are classified as heavy
metals which have dangerous toxic effects on
the envirorment (McLusky 8 Ellot 2004} and
can adversely affect the motphology, physiclogy
and blochemistey processes In plants and
antroals (Wuans & Okietmen  2011).
Photosynthesis in plants s a physiological
process that is very sensitive to heavy metal
tozicity both e ssitve and v o, because they can
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hamper the work of Photosystem 2 (PSI
(Sheoran & Singh 1993}, In addition, the
accumulation of heavy metals, such as Pb and
Hyg in plants, has also been observed to cause
the formadon of ROS (Reactve Oxygen
Species) which can react with macromolecules,
such as DNA, pigments, proteins, lipids and
ether c&lhﬂar molecules that cause a senles of
unaging processes known as oxidative stress
(Ali ez al 2013; Singh of af, 2016}, Heavy metals
have also been reported to cause plastoa
membrane leakage, changes in  andoxidant
enzyme activity in plants, and induce the
expression of genes thar encode superoxzide
distutase, poroxidase and caralase (Zhou & af
2007y, As such, heavy metal pollution is a
serious problem of our environment.
Phytoremediation is an alternative technology
believed to overcome the problem of heavy
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metyl pollution in soil and water. It is the use of
plaats to reduce or eliminate metal contaminants
present in the growing media (Tangabu o of
2011). Plants have 2 vadety of defense
mechanisms  in detoxifying  beavy  metls
including the process of metal crushing in the
cytosol by high affinity of ligands, such a5 amine
acids and organic acids, and two dasses of
peprides, namely phytochelating (PCs) and
metallothioneins (MTs) at the intra and
intercellular level (Hall 2002). Non-enzymatic
syathesized compounds, such as proline (Pro)
are also known to increase plant capacity to
detoxify metal (Tangsbu o 44 2011} Ancther
important component of the plant defense
systern  is  the symbiotc association with
atbuscular  mycorthizn (Leung o &f 2013
Setyaningsth & &l 2018},  Asbuscular
mycorrhizae can  effectively detoxify heavy
metals, increase antioxidant defense activities of
plants and reduce metal absorption by host
plants, Metal ions will be bound to the hyphae
cell wall and then emitted as some extracellular
biomolecules (Bmarmverdian o o4 2015; Leuag of
al 2013).

To support the success of the
phytoremediation program, the selection of
plants that have supedor properties for
phytoremediation is very important, such as: 3
high growth rate; (1) production of more above-
ground bilomass; (G5) widely distrbuted and
highly branched oot systerm; (v} high
accumnulation of the wrgeted heavy metals from
the soil; (%) toletance to the toxic effects of the
targeted heavy metals; (vi} better adaptation to
the prevailing enviroomental and climatic
conditions; (vil) resistance to pathogens and
pests; {viit) easy cultivation and harvest, and (ix)
repulsion to herbivotes to avold food chain
contamination (Ali ¢ o/ 2013). Those preferable
characters may not be possessed by one single
species, and therefore, utilization of several
species is important to support the success of
phytoremediation process.

Some weed plants have great potential as
plant sources for phytoremediation programs,
because in addition w their rapid growth, these
plants have cztensive adapuability and wide
distdbution in many ccosystemns. Some hyper-
accumrndator plants include pomess sp. (Juhaed o
af, 2005), Imperata cylindrics (Howard e o/, 2003)
and Paspadum confugatum (Mudacisna & o 2014).

Many weed species such as Inchaswunm Hmorease,
Cynadon dactylon, Cyperss Rylingia, Mikania covdata,
Calopagonium mummnaides were also found growing
well in the mining aveas in Indonesta and were
allegedly acting as accumulator plants (Jubaet &
ah 2005). Five potential weed species from
grasses and broadiesf weeds, namely Brawdians
msitica, Cyperws Ryliingin, Ipomecn aguatica, Mikavia
mirvantbe and Paspalem confugatun were tested for
theie ability 1o grow in water cultures treated
with Hg and Pb and have shown their ability to
asccuimulate Ph or Hg from the environment
(Sugiono e @/ 2014; Bedabatt & Gupta 2016;
Khan of af, 2018; Paz-Alberto #f ad 2007).

The purpose of this study was to examine the
photosynthetic and physiclogical responses, as
well 28 growth of the five weed species exposed
to different Hy and Pb toxicity in water culture.

MATERIALS AND METHODS

Plant Materials

Species of weeds (Paspalum conpugainm, Cyperns
Eyliingla, Dpomoea agwatica, Mikawla meicrantha and
Branchiuria wusicd) were used and cultdvared in
water culture using half strength Hoagland’s
solution prepared in a plastic box containing 6 L
of soludon. One-month old planis  were
removed carefully from the polybag and the
roots were washed with water to remove the soil
and other solid media and were then planted in
the box containing the Hoagland’s solution. To
stay uptight, the plants were supporied by
petforated styrofoams and fine sponge. For
continuous air supply, each box was squipped
with aerator. All plants were growmn under half
strength Hosgland’s solution for 2 weeks to
establish the initial growth before the heavy
metal treatrment,

and Water Culture Preparation

Mercury and Lead Treatnents

The esperiment was conducted using &
completely randomized design with two factors:
firstly, the weed species (P onmiwgeive,
kyliinga, I agunatica, M. micranths and B. matics)
and  secondly, the Hg and Pb treaunents,
namely control or “0” westment (without Pb
and Hg treatments, Hgl {025 oM of
HgNOgja} and Hg2 {0.5 mM of HgNOg)},
Pbl {0.25 mM of Pb{NGs)z} and Pb2 {0.5 mM
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of (Pb(NOs)}. Bach cxperiment unit had 3
replications with 6 plants per box as the
experimental vnit.

Pb and Hg treatments were spplied to the
plants after 2 weeks of establishment in the
water culture added with lead nitrate
{PHINCal2} and mercuric nitrate {Hg{NOaja} at
different concentrations. To maiataia the same
volume of the soluton inside the box, distilled
water was added to each box, so that the total
volumes of all media were egual. The heavy
metals treatroents wete administered for 3 weeks
to observe the responses of the teated plants.

The shoot and root growth and development
were measured doring the 3-week treatment,
Morphological changes, such as wilting,
necrosis, discolotatdon of the leaves and roots
were recorded along with the tweatment
Physiclogical analyses including photosynthesis,
MDA, proline and chlorophyll content were
carried out after the 10-day period when the
treated plants started showing toxic symptoms.
After 3 weeks of treatment, the plants were
bharvested for measuring other growth

parameters.

Photosynthesis Measurement

Measurements  of photosynthesis  were
carried outr using the Photosynthede Gas
Exchange  Analyzer LICOR  LI-6400.
Observations wete made on the fully expanded
third leaf with 3 replications for each treatment.
Measurements were  made  for  net
photosynthetic rate (Pn), stomatal conductance
(Gs) and trangpiration rate (B) at a satoration
level of 1,500 pmol/m?/s. To analyze the
photosynthetic  light cueve, photosynthesis
measurement was also carded our at different
Eght intensity (100, 200, 400, 750, 1000 and
1500 pmol/m®/s). The average of
photosynthetic light curve was calculated in
response to Hg and Pb  treatments using
Microsoft Bxeel 2013,

Malondialdehyde (MIA) Analysls

Lipid peroxidation was measured using the
MDA content based on method developed by
Ono ¢ &, (1995}, Fresh 0.2 gleaves were
ground and mixed with 0.5 ml of 0.1% (w/¥)
trichloracete acid (TCA) at 4 °C. The leaf
extract was then added o0 3 mb of 1% H:PO,
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aod 1 mL of 0.6% of TBA that was dissolved in
20% of TCA. The solution was then oven-
incubated at 100 °C for 30 min. After cooling
down at room temperatere (27 °C), the soluton
was added with 4 ml n-butanol, and then
centrifuged at 4,200 rpm at 28 °C for 20 mia.
The supernatant absorbance was then measured
at 532 nm using a UV-VIS spectrophotometer
(Shimadzn, UV-1700, Kyow, Japan} and
corrected  for oonspecific  wwhidity by
subtracting the absotbance at 520 nm.  The
concentration of MDA was caloudated using its
extinction coefficient (& = 155 L/mmol/cm).

Chiorophyll Content Analysis

Chiotophyll content was analyzed using 2
method developed by Yoshida e a«f (1976).
Two grams of fresh leaves were ground and
apphed with 80% of acetone (p.a. Merck KGad,
Darmstadt, (Germany) and then was fltered
using Whatman peper no. 1 ioto 100 mL
volumetric flask ool all the chlorophyll were
dissolved in the acetone solution, before the
solution in the volumetrde flask fnally reached
exactly 100 mL. A 5 mL chlorophyll solution
was taken from the 100 ml volumetric flask,
then it was poured into a 50 mL volumetric fask
and was dilated using 80% of acetone until 50
ml. The absorbance of chlorophyll solution was
measured using spectrophotometer (Shimaden,
UV-1700, Kyoto, Japan) at 645 om and 663 nm
wavelength (A} Chlorophyll content was
measured using the following formula;

Chl z = 0.0127. AG63 — 0.00269. A645

Chl b = 0.0229. A645 — 0.00468. AGE3

Total Chl = Chla + Chl b = 0.0202, A645 +
0.00802. A663

Chl 2 = Chlorophyll a; Chl b = Chlorophyll b

AG4S = the absorbance at the & of 645 nm

ABB3 = the absorbance at the A of 663 nm

The regression curve between chlorophyll
and MDA contents in response to heavy metal
tregtrments was caleolated vstog Microsoft Excel
2013,

Proline Analysis

Proline content of leaves was analyzed
following Bates of @/ (1973). Homogenized
tissues (150 my) from leaves were mized with
3 mL of 3% sulfosalicylic acid and centrifuged at
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10,000 rpm for 15 min. One mi. of supetnatant
was mized with 1 mL of glacial acetic acid and
1 ml of acidnpichedre (125 g oichydein
dissolved in 30 ml glacal acetic acid and 20 mi
& M phosphoric acid), incubated for 1 h at
100 °C and then cooled in an ice bath, The
reaction mixture was exttacted with 2 ml of
toluene and mized vigorously for 20 s, The
chromophore contining toluene was aspirated
from the aqueous phase and the absorbance was
measured at 520 nm. Reference standards of
proline from 5 to 60 pM were prepared and
analyzed in the same way to obtain a calibration
curve,

RESULTS AND DISCUSSION

Plant Growth Response

The growth cesponses of B, st O
kyllingla, I agustica, M. micrantba and P. confugatnm
differed among the five species, Inchuding shoot
and root length, leat number and the plaot
biomase, The mercury (Hg) and lead (Pb)
treatments dramatically influenced plant growth,
even though this varled among the species. All
species showed o similar response pattern

B0 OHgt rHge aBsd oeee

Shaot langth fomy
5 8 § B 8

g

toward Hg iweatment; the plant growth
significantly (p < 0.05) reduced, excepr for the
root growth of I aguatice which did not decrease
(Figs. 1 & 2). All plants subjected to 0.5 mM of
Hg showed the most negative effects (Figs. 1 &
). C. Eyllingin and M. micrantha even died within
180 days after the treatment. On the other band,
the plant morphological sesponse w0 Pb
treatment was not a5 rematkable g8 to Hy, even
though the 0.5 mM Ph treatment sipnificacty
decreased some morphological parameters
partcularly for L agualioa and M. micrania (Figs.
1 & 2}

Responses of shoots were more prominent
than the roots’ responses to both Hg and Pb
reastments (Figs. 1 & 2} The shoot length
reduction raoged from 54% to 87% due to 0.5
mM of Hg, while it only caused 12 - 56% root
length reduction. Only the root length of
I aguaiiea was not affected by Hg treatment
(Fig. 1). Even though Pb treatment did oot
couse prominent damage, it sipgnificantly reduced
the shoot length of L eguatior and M. wiérvantbe
and the root length of M séramide (Fig. 1).
Meanwhile, only I agaatee and O Aylingia
remoined alive untl the end of the 3 week-
treatment of 0.5 mM Hg,

W0 DMt BHEE DEh BRA2

Figure 1 Bhoot and root length of the species afier 3 weeks exposure to Hy and P ar differeny concentrations
Notes: & = control (without heavy metal westments)y; Hgl = 0.25 mM of Hg Hg2 = 0.5 mbM of Hg Phl =
.25 mbi of Phy Phi2 = 0.5 mM of Pb; BM = Brascbiavia sntics, CK = Cyperns yllingle; TA = Ipomoes
agnatsca; MM = Mikania mivrantha and PC = Paspalum conugainm.,
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w2l mHg! =Hz2 oPbi oFb2

Figuee 2 Total dey weight of the species after 3 weeks exposure to Hg and Pb at different concenteations
Notes: § = control (without heavy meral treatments); Hpl = 0.25 o of Hgg Hp2 = 0.5 mM of Hg; Phl =
.25 mbd of Pb; Pb2 = 0.5 mM of Pl BM = Brawelioris somice, CE. = Cyperws Byliingin, 1A = Ipomoos
aguatics; MM = Mikania mivanthe and PC = Paspedurs conjugains.,

Heavy metals have been known to cause
inhibition of root and canopy growth, and plant
production (Peralts o &L 2001; Kibra 2008).
Tozic metal, particuladdy lead and mercory, have
affected several plants, including Trffoum aestivnm
(Patra & Shatma 2000), Phaslus wulperis L.
(Zengin & Munzarogln 2005), omatoes (Cho &
Park 1999}, and many others. Hg at high
concentrations is very toxic that it damages the
cells and causes physiclogical changes (Ortega-
Villasante o g/ 2005). The accunnulation of Hg
cann also iohibit plant growth, causing plant
productivity to decline. In this study, the lengths
of shoots and roots and totsl dry weight of the
five plant species decreased dramatically due to
Hyg stress even at only 0.25 mM concentration
(Fig. 1}, while Pb treatment of up to 0.5 mM
only caused a relatively small decrease in growth
except for M. wiventha (Figs. 1 & 2).

Shoot and root length as well as dey weight
are the most readily observed indicators of plant
growth in response to environmental siresses.
Heavy metals inhibit cell division and
elongation, absorption of water and nuotrients,
and slow down enzymatic activities thereby
eventually inhibiting the plant growth (Shahid &
ad 2015). The accumulation of Hy inhibited root
and canopy growth, decreased the root-canopy
ratio, and dry weight and dissolved prosein
content in the canopy of the Tritiww aeticum
plant (Patra & Sharma (2000). In this carrent
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study, the greatest decrease in dry weight was
found in M. swmaths plants both at 0.25 mM and
0.5 mM Hg concentrations as well as at 0.5 M
Pb weamment (Fig. 2} The lower dey weight of
planits showed that the physiological processes
in plants were disrupted due to heavy metal
toxicity, so that the growth was far from
optimal.

Asnalysis of Photosynthesis

The species bad almost similar responses to
the heavy metal treatments, exhibiting an
average net photosynthetic rate (Poj of 135
umol/m’/s, while the control plants showed 2
stomatal conductance (Gs) values approsimately
211 mmol/m?/s. The effect of lead (Ph)
treatment up to 0.5 mM did oot significandy
reduce Pn of all specics (Fg. 3). However, the
treatment of meecury (Hg) particulacly ar 0.3
mM caused dramatic decresse of Pt of abmost
all species except L eguwatios (Fig. 3). The C
kylingia and M. micranthe, which had the lowest
photosynthetic rate, died after 10 days of the 0.5
mM Hg treatment g, 3). P confugetvm and B
mufica also had decreased Po at 8.5 mM Hy, up
to 33% and 69%, respectively (Fig. 3}, However,
the 025 mM Hg teatment did not cause
significant photosynthetic reduction after 10
days. The effect of Hg treatment on Gs values
was almost similar on the Pn of the species.
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Figure 3 'The average of net photosynthetic rate (Pn) and stomatal conductance (Gs) of fve spocies (B0, CE, IA, MM
and PC} in response to Hy and Pb treatements (0, 025 and 0.5 mM} 10 days after He and Ph ezposure
MNotes: BM = Bramcbiaria watica; CK = Cyperns bylfingioy, TA = Iomoen aguasen, MO = Mikasis micrasthe and PC

= Basplnm confugossms.

To further understand the photosynthetic
responses of each species w Hg aad Pb
treatments, the analysis of photosynthetic light
curve was carried out  using  different
photosmthetic photon flox density  (PPFL),
starting from 100 to 1,500 pmol/m®/s. This
Lght curve was also Important to understand the
consistency of the data and to determine the
maximun photosynthesis under environmertal
stzess. Results showed that every species had
different curve with unique photosynthetic rates
indicating the responses of the species to the
given weatments (Flg. 4). In genera,
photosynthetic characteristies recorded even at
lower PPED (100 pmol/m®/s) were almost
sitnilar among the treatments. The mazimum
photosyntbesis was reached under the PPFD of
approsimately 750 pmol/m?/s (Fig. 4). The
photosynthesis  graphs  showed  that  the
treatment with 0.5 mM of Hg (Hp?Z) caused
draenatic decrease of photosynthesis in all light
intensites, except in I aguatios and P. confugatum,
while Pb treatment did not have this effect,
except in some polnts of PPED. For M. mirutba
the effect of Hg was even larger because at 0.25
mM, Hg had also decreased the photosynthetic
eate (Fig. 4).

To construct the light corve of
photosynthesis for all the species responses 1o
the treatments at different PPFD, the average

single treatment of Hg and Pb was calculated
and the lght cutve was plotted using logarithmic
equation (Fig. 5} The graph showed three
different groups of curves with the lowest curve
representing the plants treated by 0.5 mM of
Hg. The second group of carves was the highest
photwosyathesis  light curve  tepresenting the
control plants and Ph-treated plants which had
almost similar curve (Fig. 5). The third group of
curves represented the plants treated with .25
mM of Hg. This photosynthetic curve indicared
high photosynthetic rate, bat it was stll lower
than the second curve (Fip. 5). This curve was
created especially because of the response of 3.
sicramiba which had lower photosynthetic rate
vnder 0.25 mM of Pb treatment (Fig, 4}, The
second and the third corves showed that at
PPFD of 1,500 pmol/m®/s, the photosynthesis
was still not satuegred so that the photosynthetic
rate was stll possible to increase when the
PPFD increased (Fig. 5). The distinction of the
cugve was also reflected in the stomatal
conductance (s} curve in regponse to Hg and
Pb treatments gt different PPFD (Fg. 6). The
Gs values decreased in response to higher
PPFD with different pattern depending on the
heavy metal treatment. The plants treated with
Hg of 0.5 ml had the lowest Gs at all PPED

(Fig. 6).
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Figure 4 Met photosynthetie rate (Pr) of fve species (BM, CK, LA, MM and PC) in response w Hy and Pb eavnents
(0, 0.25 and 0.5 mM) ander different PPFD (from 100 andl 1,500 mol/m?2/s)
Notes: BM = Brancbiaria smties, CK = Cyperwr byllings, TA = Demoes aguetior; MO = Mikawla wiranthe and
PC = Paspabom confupntus.
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Figute ¢ Stomatsd conductanee (Gs} of five species (BM, CK, 1A, MM and PC) in tesponse to heavy metul treatinens at

different PEETY (from 100 until 1500 pmol/m2/s),

MNotes: § = control (without heavy metal teatinents); Hgl = 0.25 M of Hg; He2 = 0.5 mM of Hgy Phl =
0.25 mM of Fb; Pb = 0.5 mb of Ph; BM = Brma&msmﬁm, CK = Cypersss kylingia, 1A = Domsea
agaaiica, MM = Mikada misranths and PC = Pagpaliry confugainm

Photosynthesis is o physiological process that
is very sensitive to heavy metal toxicity both &
vitrs and #n sivs, especially the Phouwsystem 2
(PSI) (Sheoran & Singh 1993). The effects of
heavy metal toxzicity on photosynthesis can
occur either directly or indirectly (Aggarwal o af
2011) Le, direcdy, through inhibitdon of Hght
reactions and oxygen formation, NADP
reducton and photophosphorylation, while
indirectly, through the inhibition of chlorophyll
synthesis or the increase of chlorophyll damage.

The similarly decressing patvemns of Pn and
(s due to heavy metal swress (Figs. 1 - 4)
suggested that metal tosicity may affect water
absorption which was indicated by the decrease

of relative water conrent (Fig. 7), resulted in the
decrease of stomatal conductance, The decrease
of stomatal conductance is 2 general response of
plants under water deficit (Harmim 2005}, but in
many cases dehydradon was also shown by
plants under heavy metal toxicity by Pb in
Helauthus anmans ond bardey Kastorl e &/ 1992;
Vassilev of @l 1998} or Befe sufperis under Zn
tozicity (Sagardoy o «l 2010}, Among the five
study species, L aguaiios and P. confrpatnr had the
best performance with a refatively steady or not
fluctuating  phovosynthesis under Hg and Pb
treatments which may be considered an
indicator of their adaptability to these heavy
metals,
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Figure 7 Relative water content (RWE) of fee species (BM, CK, 14, MM aad PC) after 10 days exposure to Hg and Ph

at different concentrutions

Motes: 0 = control (without heavy metal treatments); Hgtl = 0.25 oM of Hg Hg2 = 0.5 mM of Hg Pbl =
0.25 mM of Ph; Pb2 = 0.5 mM of Ph BM = Brescidaric matios; CK = Cyperss kylingia, 1A = Domess
agriaiica, WL = Mikawia wiranthe and PC = Paspaluns confugatus.

Anglysis of Total Chlorophyll and Leaf
MDA

The heavy metals dramatically deceeased the
chlorophyll content of all species (Fig. 8
particularly for plant weated with Hg at 0.5 mb.
B. mostics had the most dramatic decrease by Hg
treatraent, while I sgmatiis was the least affected
(Fig. 8). On the contrary, the trestment using Pb
untl 05 mbd oaly significantly decreased
chlorophyll content of €, &ylingda, I agsativa and
M. weranthe, but pot of B swmfics and P
conugatum (Fig, 8.

Decrease in chlorophyll content is a general
symptom of heavy metal toxicly in plant. The
decrease of chiorophyll content bappened in all
of the heavy metal weatments of Phareoles sufparis
seedlings, with the most remarkable decrease in
mercuric {Hg) treatment followed by Cd and Ca,
while Pb had the least effect (Zengin &
Munzorogls 2005}, The dramatic decrease of
chlorophyll and photosynthesis due to heavy
metal stress was also observed in poplar plants
{Chandra & Kang 2016), as well as in perenndal
grass Phragmiter australls (Ayent & ol 2012, In
this study the similar pattern was observed in
the chlorophyll content of the five weeds with
the most affected species, B, mwfis and M
micrantba by Hg treatments and I aguatica by Pb
treattnents,

264

Membrane  systems,  including  the
chloroplast, are considered the main target of
oxidative stress due to heavy metals. This
happens because polyunsaturated fatty acids as
the main component of lpid membranes are
very sensitve to heavy metals. The Hp treatment
given in high concentrations reduced the total
chlorophyll content of the five plant species
{Fig. 8). Hg stress induces photoreduction
inhibition of protochlorophyllide, so the total
chlorophyll value of leaves decreases with
increasing Hg concentration as observed in
wheat leaves (Solymosi o &) 2004). This
decrease occurs because heavy metals can cause
chlorophyll biosynthesis inhibidon through the
inhibitive acton of two highly sensitive
enzymes, Le., s-aminclievulinic acid (ALA)
dehydratase and protochlorophyllide reductase
which play an impostant role in the eatly and
final stages of chlorophyll blosynthesis (de
Filippls of &l 1981 ). Mercury wmas also reported
to  cause magnesium lons replacement in
photosynthetic pigments (Kupper of 2/ 1998).

Malondialdehyde (MDA} content also varded
among the species with the highest content
found in L aguatics followed by M. wivantba,
while the lowest was found in & Kylinga
(Fig. 9. Heavy metal Hg and Pb treatments
caused the significant increase of MDA content
in leaves of almost all species. However, the
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treatments did not induce the significant
increase in roots {data not shown). Oaly in
P. confupatum roots treated with 0.5 mM, did the
MIJA content increased significantly. Treatment
with Hy significantly increased the leaf MDA of
all species with the range of 2-fold increase in
C. &ylingia undl 13-fold increase in P sonfugaum
as compated to the control, even though the
highest leaf MDA was observed in I aguatios
exposed to 0.5 mM Hg (Fig. 9). Conteary to Hg,
the Pb treatment caused the low increase of leaf
MDA content in B swiie and €. kyliinga
(approzimately 2 fold) but very high (7 until 33
fold} in L aguatics, M. mivvanthe and P. confygatum
with the highest MDA content observed in
L agnatics (Fig, 9}.

The MDA content is an index of the level of
cellular damage after stress treatment, which is

Chiorophyll content {ugig}

the main cytotozic product of lipid perozidation
and indicators of free radical producton (Fu &
Huoang 2001; Hamim ¢ 2f 2017), Higher
increase of MIDA content is an indication of
oxidative stress which shows the main
destructive factor in plants due to environmental
stress, including heavy mesals (Wu o of 2003
Shanker e 4/, 2004}, This study showed that Hg
and Pb had sipnificanty affected lipid
peroxidation as indicated by the higher MIJA
values (Fig. 9} The increase of MIDA content
has also been observed in several plants
subjected to heavy metal stress, such as in
sorghum teeated with Cd (Kumar & Pathak
2018}, tree species Rewfesfs wisperme grown in
goldmine wiling (Hilmi o o/ 2018} and water
hyacineh (Eichbornin crassipes) treated with high
Pbs (Malar e 2/ 2014},

B0 DHgl BHg2 oPbl akh2

Figure § Chlorophyll content of five species (BM, CK IA, MM and PC) after 10 days czposure o Hg and Phb at

differetit cotcentrations
Notes: (¢ =

control (without hesvy metal trestroents); Hyl = (.25 mM of Hy HyZ = 0.5 oM of Hyg Pbl =

€25 mb of Phy Pb2 = 0.5 mM of Phy BM = Brerdforis mmm, CK = Cyperws kplfingla, LA = Dpowoen
aguesioe; MM = Mikaniz micrantha and PC = Paghobon comfugaiu
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2 0o = BB
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Leaf MDA content {pmolig)
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80 OHgt @Hg? mPh1 mPb2

Figure 9 Leaf MDA content of five species (BM, CK, 1A, MM and PC) afier 10 days exposure to Hyg and Ph at

different concentrations

Motes: § = control {without beavy metal trestroerag); Hel = (0L25 mM of Hyg HpZ = 0.5 mM of Hp Pbl =
0.25 mM of Py Pb2 = 0.5 mM of Ph; BM = Brawelioris swtine; CK = Cyperss &yllingie; TA = Jpomocs

aguating, MM = Mikais misvantha and PC =

A close negative correlation existed between
the increase of MDA content in response to Hg
and Pb weatments and the decresse of
chlorophyll content as Indicated by the steep
graph (Fig. 10). In conmrast to Hyg, even though
it stll cavsed the increase of MDA content and
the decrease of chiorophyll content, the

Bagubme conpugation.

that of Hg (Fig. 10), suggesting that the effect of
Hg weatment on the decrease of chlorophyll was
higher than that of Pb. The same result was
observed In Zengin and Munzuroglu (2005)
wherein the effect of Hyg was far higher than Pb
on the chlorophyll reduction of P swjgens

cotrelation was lower with less steep slope than  seedlings.
43
¢ Hg 4 Pb
3 . ——-Linear (Hg) - - -Linesr (Pb)
2 8
.-hr‘
g 25 a
% oo e
Sl ¥ =-12.532x + 30.851
45 “e R2 = (.51
10 B
&,
5 ¥ = 44,136 + 3151
. e = 0,7398
0 02 04 08 08 4 12 44 18 18
MDA content [pmolis)

Figure 10 The regression graph between MDA and chlorophyll content of all species in response to Hg and Fb

eannens

Motes: There was a different slope pattern between both treatments, where Hg teestiment had 2 steeper slope,

while Pb had a slight slope.
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Proline Analysis

Proline content is among the physiological
parameters which normally increase when the
plagt is subjected to envirommental stresses,
such as drought, salinity and even beavy metal
stresses. The experiment also showed the sidlar
tendency, especially when the plants were
trested with Hg at 0.25 and 0.5 mM (Fig. 11).
Proline comtent of all specles significandy
incressed from Z-fold untl 9-fold increase at
(.25 mM of Hg treatments and even uwatil 15-
fold increase at (.5 mM of Hg treatment. The
highest proline content was presented by M
micraniba at 0.5 mM of Hg followed by P
confngatnmy and I aguatica (Flg. 11). However,
there was no clear pattern between proline
content and plant adapwability o Hg stress,
because M. morantba (the most affected by Hg)
and I agwatica (the least affecred by Hg) had high
proline content. In contrast to Hg, the treatment
using Pb at 0.25, as well as, 0.5 mM did not
affect the increase of proline content of all
species. The regression data presenting proline
content in reladon to Hg or Pb uweatments
indicated that these two parameters had

25

B DHgt =HgZ2 DPEb1

Proline content (pmolig)
P @™ 8

[+

and

different graph  patterns correlation
coefficients (Fig. 11}

Prolice iz amino add that in many cases
increased dramatically in response to several
eavironmental stresses, such as drought stress
(Lum o &l 2014; Meenye o ol 2016}, salinity
stress {Thetiappan ¢ «f 2011), as well a5 heavy
metal stress (QJenpin & Munzurogly 2005
Theriappan & o) 2011}, Previous study recorded
that the inductdon of proline accumulaton was
also found in some crops such as Cafemsy cgfan,
Vigna munge and Tritioum aestivsm subjected 1o
heavy metals (Alia & Saradhi 1991). This amino
acid was found wo have an important role as
biochemical scavenger of ROS induced by
ablotic stress. However, in this study, the
increase of prolice happened when the plant
underweat severe stress due to metal toxicity
(Fig. 12}, and there was no correlation between
proline accumulation and metal tolerance amnong
the five species, suggesting that the increase of
proline indicated an alarra stress rather than the
role of reducing the damage of heavy metal
stress in these species.

5 P

Figuse 11 Prolive con@nt of five species (BM, CK, 1A, MM and PG subjected to different concentrations of

Hig and Bb

Notes: § = conteol fwithout heavy metal treatment); Hel = 0.25 mM of Hy Hg? = 0.5 mM of Hyg Pbi =
.25 mM of Pb and FbZ = 0.5 mbM of Pb; BM = Brawcdion's siies; CK = Cpperws byllingia, 1A =
Ipaswoen cqmaticn;, MM = Mibontn microntbs and PC = Paghaben conjugaium.
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25
o Hg a Pb -——Linear (Hg) - - -Linsar (Pb)
o 20
g
£ 15 y = 23.22x + 2.2187
g R? = (,9844—"°
& I
g 19 e
g g
= e
£ 5 e y = 0.912x + 1.8907
e R®=0.7434
Tf:ﬁ wwwwwwwwwwww g o e mpom m o oo oe s oy
0
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Hg and Pb conceniraiions (mid)

Figure 12 Regression of the average proline content from five species and the Hyg and Pb wegtroents at diffecent

comcentrations {0, 0.25 and 0.5 o)

Mote: The increase of Hy treatments induced proline content, but not with Fb treatments,

CONCLUSION

Heavy metal treatments using Hg(NO»)z and
Ph{NOajz at 025 and 0.5 mM had  caused
dramatic decrease in the growth of the studied
five woeds (B maton, C. &ylingia, I aguatics, M.
micrantba and P confupatww) with Hg cansiog
more prominent effects than Pb. Hg tteatment
also significantly redoced the net photosynthetic
rate under different photosynthete photon flux
density, suggesting that heavy metal Hg untdl 0.5
mM had damage the photosynthede apparatus
of almost all the weed species. Most of the
species were toletant to Pb treatment up to 0.5
oM except M. miranthe, while only C. &ylingla
and 1. aguaiica were tolerant to Hg treatment up
to (.5 mM. Hg and Pb caused dramatic increase
in leaf MDA content, which was associated with
the significant decrease of chlorophyll content.
Only Hg treatment, not Ph, had foduced higher
proline conteat in the leaves of treated plaat, but
without a clear increment pattern among the
species, suggesting that proline may have a role
as alarm stress rather than as tolerant indicator.
Among the five species, € &pliugis and [
ggtatica were the most tolerant to lead and
mercuey contatninant.
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