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Abstract. The ability of the invasive weed speciearthenium hysterophorus. for the accumulation of
the heavy metal Zn was studied in a greenhouseriexpet. This study was aimed at identifying a metal
tolerant species from natural vegetation and ashesghytoextraction potential of the plant. To pame
metal concentrations in the aboveground biomadhdse in roots and in soils along with nutrients. T
study their effect on growth and comparison withtah@mended soils treated with EDTA. The Zn
accumulated by the test species was increasedfisamly after 0.1g/kg of EDTA was added to the
medium. An increase in metal uptake with increasgs$t concentrations was observed. The metal eptak
could effect the leaf pigments as it reduced wittréase in metal exposures and time especial iR/
treatment. This could be due to the accumulatiodrofThe phosphorus levels were found to be low in
higher uptakes of the plant. The BCFs of shootsrants and TFs being greater than 1 shows theitalid
of the weed species for hyperaccumulation of thetamand can be a promising species for
phytoextraction of heavy metals and remediatiormetal contaminated soils which is economical and
ecofriendly.

Keywords: Accumulation, EDTA, bioconcentration factor, trassdtion factor.

Introduction

Contamination of heavy metals represents one ofrtbst pressing threat to water
and soil resources as well as human health. Plaat® been frequently used as
indicators in the search of metal pollution or easuenulators for soil remediation called
phytoremediation (Baker et al., 1994). Heavy metady be bound or accumulated by
particular plants, which may increase or decrehsetobility and prevent the leaching
of heavy metals into groundwater. Growing planta b&lp to reduce heavy metals
pollution. Plants can be easily monitored to ensuoper growth; and valuable metals
can be reclaimed and reused through phytoremediatine of the strategies of
phytoremediation is phytoextraction i.e. uptake andumulation of metals into plant
shoots, which can then be harvested and removed the site. It is necessary to use
plants that can tolerate high levels of heavy nsef@krtain heavy metals are also trace
elements for e.g., Zn, Mn, Mg, Fe, Cu, Mo and Nickhare essential in plant nutrition
(micronutrient) but plants growing in a pollutedveonment can accumulate trace
elements at high concentrations (Alloway, 1990; iHend et al., 1983; Huchabee et al.,
1983; Kabata-Pendias and Pendias, 1992). Elevatais| of these metals in soil may
lead to increased uptake by plants, because ithdspen many different factors, such as
soil metal bioavailability, plant growth and metis$tribution to plant parts (John, 1973;
John et al., 1972; Kuboi et al., 1986; Xian, 1989).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(3):67-290.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kft., Budapest, Hungary



Sanghamitra et al.: Uptake of Zn (Il) by an invasiveed specid3arthenium hysterophorus
- 268 -

Plants called hyperaccumulators are preferred fetalmdecontamination of soils
because they take up 100 times the concentratiomeffals over other plants
(Cunningham et al., 1995). They accumulate toxidamethrough their roots and
transport them to the stems or leaves. Researtiogrs that these metal-scavenging
plants, called hyperaccumulators, could be growedntaminated soil and harvested
like hay (Bennet et al., 2003; Lombi et al., 200C@nhnor et al., 2003). The metal
could then be recovered and recycled when burneédremnash collected (Comis, 1996).

Metals uptake by roots depends on both soil andtpiactors (e.g. source and
chemical form of elements in soil, pH, organic regtplant species, plant age etc.).
Consequently, metal mobility and plant availabilye very important when assessing
the effect of soil contamination on plant metalakgt and related phytotoxic effects.
The mobility and availability of heavy metals iretloil are generally low, especially
when the soil is high in pH, clay and organic mateing and Thornton, 1996; Rosselli
et al., 2003). Interactions between metals occgranthe root surface and within the
plant can affect uptake, as well as translocatiahtaxicity (Luo and Rimmer, 1995).

More than 400 plants are known as hyperaccumulabdrenetals, which can
accumulate high concentration of metals into tladioveground biomass. The plants
include trees, vegetables crops, grasses, and waasix] species appear to be a good
choice for metal accumulation studies since theseéyhtolerant species can grow in
most harsh conditions over large areas and giveoa gamount of biomass as a
secondary product. It is important to use nativenfd to study metal accumulation
because these plants are often better in termsnaival, growth and reproduction under
environment. There has been a continuing interesearching for native plants that are
tolerant to heavy metals. Heavy metals can causeresg@hytotoxicity, and may act as
powerful force for the evolution of tolerant plardpulations. Therefore, it is possible to
identify metal-tolerant plant species from natuvagetation in field sites that are
contaminated with various heavy metals.

Recently, chelating agents have been used as @ecimaints in metal-polluted soils
facilitating phytoextraction. Early studies showsdt application of synthetic metal
chelates such as Ethylenediamine tetraacetic &€@TA) to soils enhances Pb
accumulation by plants (Jorgensen, 1993). EDTA vpasticularly effective in
facilitating the phytoextraction by plants of Cdu,ONi, Pb and Zn. EDTA acts by
complexing soluble metals present in soil solutimnview of such diverse reports, an
attempt was made to understand the plant-nutrieelate interaction in order to
examine the heavy metal uptake.

The present study was conducted using phytoextra¢ti explore the accumulation
and removal potential of the heavy metal Zn by a&vasive weed species
P.hysterophorug. belonging to the family Asteraceae wildly growwer large areas in
Visakhapatnam city. Zn though a micronutrient, isokwn to be toxic at higher
concentrations (Agarwal et al., 1977; Bradshaw,21 ©hapmaret al.,1939; Goldbold
et al., 1983; Hagemeyer et al., 1993). The testigpas one of the most popular and
dominant indigenous weed species which is well sgtbfo the polluted environment as
affected by the various activities which can acclateusignificant amounts of heavy
metals. Initially a preliminary study was carriedt ¢0 screen the uptake efficiency and
accumulation potential afn by this species. The uptake was found to b&éenrange
36.1 — 414 ug/g in shoots and 17 — 417.2 ug/g atsraBasing on these results pot
studies were carried out for this species with aineents of different concentrations of
Zn.
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The experiment described in this paper was designedrt to assess measurements
of total andavailable metal content of Zn in sl @redictor of metal uptake by an
experimental plant. Soil pH, conductivity, availat,P,K in soils, N, P, K, Na and Ca
in shoots and roots were measured to investigaie pbssible modifying influences on
metal uptake. As a part of this study the effecaathelating agent EDTA was also
examined which was added to the amended soilseipolis after successful growth of
the plants. The overall objectives of this work aer

« To identify a metal tolerant species from natuegjetation and assess the

phytoextraction potential of the plant.
» to determine concentrations of Zn in plant bionass soils to examine the
translocation capacity of the plant.

* toinvestigate the effect of Zn on plant growth &mel plants ability to
accumulate and tolerate the metal.

* toanalyse N, P, K, Na, Ca and leaf pigments (cbhhib and carotenoids) and
study their influences on metal uptake.

» comparison of metal and other parameters of sodspdant biomass grown in
amended soils treated with EDTA and without EDTA.

» to assess the feasibility to use green plantstgtgextraction of heavy metals.

Information obtained from this study should providsight for using native plants to
remediate metal contaminated sites.

Materials and methods
Soil samples and pot experiment

A green house study was carried out in an artliciamended sandy soil (Typic
Ustochrepts) with different concentrations of 250{), 500(TC2) and 1000(TC3)
mg/kg Zn SQ.7H,0 with control. Some selected soil characteriséios as follows:
pH(1:2) 8.02 in deionised water; EC 0.116ms; orgacarbon 0.41 %; calcium
carbonate 1.50 % and 10.9 mg/kg of extractable Zn.

Pot culture experiments were conducted in botamyntiause using soil treated
(spiked) with zinc sulphate salt and for comparismnunamended (control). The salt
was uniformly mixed with air-dried soil filled ingts (6kg soil) and left for stabilization
for 2 days. Soil in farmhouse was used for the arpants. One week old seedlings of
the weed specieB.hysterophorusvildly grown in the farmhouse were procured and 5
plants were transplanted in each pot; out of wianly 3 were allowed to grow at a
uniform distance after their survival was confirmédaother two sets of pots of each
treatment were maintained for EDTA application. ED(D.1g/kg soil as disodium salt)
in solution form was added at pre-flowering sta?@ days from the day of survival) to
examine the EDTA effect on metal uptake. Threeicapl of each treatment were
considered and care was taken to protect from egmleaching. Plants were grown
under natural light and ambient temperature in otaéeep all plants under conditions
as similar as possible. Plants were watered wittitdd amount of well water in the
farm at regular intervals. Artificial fertilizersr soil amendments were not added to
enhance growth or metal uptake during the coursxpériment.
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Plant growth and harvesting

For growth studies individual plants were grown emgimilar conditions and 9
plants for each concentration were harvested amna interval of pre-flowering (20
days), flowering (40 days) and post flowering (&3/s) from 3 replicate pots, without
damaging the roots. EDTA treated pots were hardestean interval of one week (I-
scoring) and two weeks (ll-scoring) from the dayddition.

Maximum recoverable portion of roots were procusetl plants were rinsed in
distilled water to remove dust and soil mineralticls. The plants were taken to the
laboratory, washed with deionised distilled wateeparated into root and shoot
(including stem, leaves, fruits and inflorescenpaits, dried in oven at 65 °C for 72
hours (Xian and Shokohifard, 1989). Shoot and kegth (cm) and dry biomass (g) of
the plant parts (shoot and root) were taken forheweatment and interval. All
calculations of Zn and extraction were done on weight basis excepting for leaf
pigments where fresh weight was taken into consler

Analysis of plant mass

Metal uptake is also depicted as Bioconcentratiactdt (BFC). It provides an index
of the ability of the plant to accumulate a patacumetal with respect to its
concentration in the soil substrate (Zayed etl@98). It was determined as the ration of
[Metal]piant tissue/[Metaldoi. It has limited applications if one wishes to ca@rguptake
of a plant species under different treatments. &icltange in BCF is related to the
individual plant biomass and soil elemental coneians, the efficiency of BCF is a
better understood when compared between diffetamwelts, plant species or elements.

Translocation Factor (TF) gives the shoot to rontconcentration and depicts the
ability of the plant to translocate the metal specirom roots to shoot at different
concentrations . It was determined as the ratio [Metallshoof[Metal]ioor The
translocation property describes that the contehkeavy metals accumulated in shoots
of a plant should be higher than those in its roots TF>1 to be considered typical of
an accumulator plant (Baker, 1981). The shoot tot raatio of contaminant
concentrations in all confirmed hyperaccumulators a 1, whereas the ratios are
invariably < 1 in non-accumulators (Raskin and Ens2000).

Chemical analysis of plant biomass

From the oven-dried ground plant materials 0.5g wasurately weighed and
transferred into Kjeldahl flask and digested slowlging Mixed Acid Digestion
procedure (Stewart et al., 1974) with a mixture lofl of 60 % HCIQ, 5ml of
Con.HNGQ and 0.5ml of HSO, on moderate heat and increased later. The digests
continued for 10-15 minutes after the appearancetofe fumes. It was then cooled,
diluted with deionised distilled water and filteraging Whatman filter paper No.44 and
then made upto 50ml with deionised distilled waterblank was prepared in similar
manner. This filtrate was analysed for the follogvin

The nitrate nitrogen in plant material was deteedirby phenol disulphonic acid
method by UV-VS Spectrophotometer (Stewart et #874).The phosphorus was
determined by molybdenum blue method by UV-VS Spgtiotometer (Stewart et al.,
1974). Potassium was determined by the Flame plaitammmethod (APHA, 1989).
Micronutrients Na and Ca in plant materials wertedrined by the Flame photometric
method (Stewart et al., 1974). Zn metal in samglt®ns was quantified using
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Atomic Absorption Spectrophotometer (Perkin EImezdisely AAnalyst 200) (Stewart
et al., 1974).

Leaf pigments chlorophyll a, chlorophyll b and darmids of the leaves in the test
species was measured on all the harvest dayshisgpurpose the second leaf from the
top (expanding leaf) was taken into consideratiOrbg of the fresh material was
weighed accurately, ground to a fine pulp usingaatan and pestle with the addition of
80% acetone, centrifuged and the clear supernatntransferred to a 50ml volumetric
flask. This process was repeated until the resitmes to colourless and the entire
solution was made upto the mark with 80% acetoneetml the values in UV-VS
Spectrophotometer (Sharma and Rao, 1985).

Chemical analysis of soils

The soils were air dried for 72 hours, powderegdss through a 2 mm sieve and
subjected to physico-chemical analysis. Soil pH wesasured in 1:2 of soil to water
ratio, organic matter was determined by WalkleycBIMethod (Sims and Heckendorn,
1991), nitrate nitrogen in soils was extracted wisonised distilled water in the
ratiol:1 (w/v) and determined by phenol disulphasmiod method and phosphorus was
extracted with 2.5 % acetic acid in the ratio M2v) and determined by molybdenum
blue method in U.V — V.S. Spectrophotometer (Stéwaral., 1974)Potassium was
extracted with 1M neutral ammonium acetate (pH 7)the ratio 1:1 (w/v) and
determined by the Flame photometric method (APHX89).

Total metal concentration in the soil samples wasemhnined by Mixed Acid
Digestion procedure (as followed for plant biomasalysis) and the available metal i.e
acetic acid (2.5 % in 1:1 w/v) extractable metatevéetermined by Atomic Absorption
Spectrophotometer (Stewart et al., 1974).

Metals in sample solutions were quantified usingomat absorption
spectrophotometer (AAnalyst 200 Perkin Elmer Pedgi¥ersion 5.0).

Statistical analysis

Mean values and SE of the element content wereledécl, and analysis of variance
(ANOVA) and Student’s t-test were performed to olsalifferences between samples.
The differences were considered to be significant<®.05 and highly significant at
p<0.005 level of significance.

Results and discussions
Soil properties, nutrients and metal concentrations

The pH including EDTA treatments ranged from 8.8 6. Conductivity was found
to be significantly high in metal exposure TC1, whempared to control, TC2 and
TC3 in all the harvest days excepting on day 6Quding EDTA treatments. Nitrates
showed no significant difference within the testneentrations (p>0.05) and a
significant difference was observed between hardags (p<0.05) of without EDTA
treatment as determined by two-way anovable ). A significant increase was found
from 20 to 60 days (p<0.05) of without EDTA treatth@nd a significant increase
could be reported with EDTA treatment when compatedwithout its treatment
(p<0.05) by student’s t-test. This shows the eftddEDTA as a chelate. No significant
difference was observed between the scorings of AD&atment by student’s t-test
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(p>0.05). No particular trend of increase or deseeia values was observed with metal
exposure Table 7, 8.

Table 1. Two-way Anova for nitrates in soil (without EDTrAatment)

Source DF SS MS F P
Test concs 3 0.0053842 0.0017947 1.46 0.316
Harvest days 2 0.0249687 0.0124843 10.17 0.012
Error 6 0.0073648 0.001227%
Total 11 0.0377177
S =0.03504 R-Sq =80.47 % dRE&j) = 64.20 %

Phosphorus results showed no significant differenitbin the test concentrations
and harvest days including EDTA treatments by twaywanova (p>0.05). No
significant difference could be reported between ghorings of EDTA treatment or in
between EDTA treatment and without its treatmenstuglent’s t-test (p>0.05). Hence,
the phosphates seemed to be unaffected in athsmhdmentsTiable 7and8).

Potassium showed a significant difference withst mncentrations (p<0.05) and a
highly significant difference in between the hatveays (p<0.005) of without EDTA
treatment by two-way anova@dble 3. There was a significant increase in results from
20 to 40 days by student’s t-test (p<0.05). A hygsibnificant decrease from 20 to 60
days was observed i.e when there was completerityatd the plants (p<0.005) as
determined by student’s t-test. Potassium concdsoisa have reduced with EDTA
treatment when compared to those without its treatnshowing a highly significant
difference (p<0.005) as determined by studentasst-{Table 3. No difference was
found between the harvests of EDTA by studentést-(p>0.05).

Table 2. Two-way Anova for potassium in soils (without EDfigatment)

Source DF SS MS F P
Test concs 3 0.0000147 0.0000049 11.27 0.007
Harvest days 2 0.0000464 0.0000232 53.23 0.000
Error 6 0.0000026 0.0000004
Total 11 0.0000638
S =0.0006606 R-Sq = 95.90 % -SiR(adj) = 92.48 %

The available metal concentrations in soils havewsha highly significant increase
with increase in test concentrations on all handssts (p<0.005) of without EDTA
treatment and the increase was significant in EDf@&tments (p<0.05) by two-way
anova Table 3, 4. A highly significant increase was observed irtwsen the test
concentrations and control as well as within thet t®ncentrations on all harvest days
(p<0.005) excepting between TC2 and TC3 ofi déy of without EDTA treatment and
lI-scoring of EDTA treatment as determined by shitdet-test (p>0.05) as shown in
Figure 1. to 5 These results are in agreement with literatuaeni8llah Khan and Nazar
Khan, 1983).
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Table 3. Two-way Anova for available Zn in soils(without EDtreatment)

Source DF SS MS F P
Test concs 3 11446.7 3815.58 19.44 0.002
Harvest days 2 396.4 198.2( 1.01 0.419
Error 6 1177.4 196.24
Total 11 13020.5
S=14.01 R-Sq = 90.96 % RE&) = 83.42 %
Table 4. Two-way Anova for available Zn in soil (with EDTrAdtment)
Source DF SS MS F P
Test concs 3 9429.99 3143.33 29.67 0.010
Harvest days 1 103.68 103.68 0.98 0.395
Error 3 317.85 105.95
Total 7 9851.52
S=10.29 R-Sq =96.77 % RE&) = 92.47 %

The total metal concentrations in soils also hawews highly significant increase
with increase in test concentrations including EDTr@atments (p<0.005) and no
significant difference was found between harvesisdecluding EDTA treatments
(p>0.05) by two-way anovaréble 5, §. As determined by student’s t-test a highly
significant difference was reported inbetween tbhatml| and test concentrations and
within the test concentrations including EDTA treants on all harvests (p<0.005).

Table 5. Two-way Anova for total Zn in soils (without EDT@atment)

Source DF SS MS F P
Test concs 3 48142.7 16047.6 52.54 0.000
Harvest days 2 67.9 34.0 0.1 0.897
Error 6 1832.8 305.5
Total 11 50043.4
S=17.48 R-Sq = 96.34 % RESY) = 93.29 %
Table 6. Two-way Anova for total Zn in soil (with EDTA tteeent)
Source DF SS MS F P
Test concs 3 24222.3 8074.11L 126.45 0.001
Harvest days 1 44.6 44 .5¢ 0.70 0.465
Error 3 191.6 63.85
Total 7 24458.4
S =7.991 R-Sq =99.22 % RE&) = 98.17 %

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(3):67-290.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kft., Budapest, Hungary



Sanghamitra et al.: Uptake of Zn (Il) by an invasiveed specid3arthenium hysterophorus

- 274 -

Table 7. Physicochemical parameters of soils in differest t®ncentration on different

harvest day.
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Results are meansSE (n = 5)
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Table 8. Physicochemical parameters of soils in diffetest concentration on different
harves harvest day

With EDTA Treatment

Physical & EDTA — | Scoring EDTA — 1l Scoring
Chemical

Parameters C TC1 TC2 TC3 C TC1 TC2 TC3
pH 9.01+ 8.84+ 8.79+ 8.79+ 8.92+ 8.86+ | 8.86+ | 8.79+

0.024 | 0.026 | g4 | 0026 | goag | 0.020 | 0.024 | 0.032

Conductivity | 0.19+ 0.25+ 0.19+ 0.24+ 0.17+ 0.39+ 0.25 0.26*

(mS/cm) 0.004 | 0.002 | ggrq | 0004 | 003 | 0.002 |, gog2| 0.017
Nitrate 0.33% 0.25+ 0.24+ 0.21+ 0.06% 0.21+ 0.23x | 0.24%
Nitrogen 0.003 0.001 0.001 0.001 0.001 0.001 0.001 | 0.001
(mg/100gm) '

Phosphorus 0.75% 0.68+ 0.75% 0.63+ 0.75% 0.60+ 0.70+ | 0.70%
(mg/100gm) 0.001 0.034 0.001 0.034 0.001 0.001 0.001 | 0.001

Potassium 0.033% 0.037+ | 0.034+ | 0.033+ | 0.032+ | 0.034+ | 0.03+ | 0.035
(%) 0.042 0.033 0.041 0.02 0.01 0.015 0.02 t
0.044

Results are meansSE (n = 5)

Zinc uptake , root length, shoot length and plant biomass

All the analysis and calculations were done on wmeight basis excepting leaf
pigments, because dry weight of a tissue can beatap to correlate closely to the
nutritional status of the plant, and it dependgstanrelative rates of photosynthesis and
respiration. The fresh weight of a tissue refldéigtsue water content and is influenced
considerably by the climatic conditions prevailingen the samples are removed.

The shoot and root uptakes have decreased witleaserin harvest days and
increased with increase in test concentrations ath EDTA and without EDTA
treatments (p<0.05, 0.005) by two-way anoVale 9, 10)which indicates that the
efficiency of the plant uptake has reduced withurigt (Ghosh and Singh, 2005). The
shoot and root uptakes have shown no significaférdnce in metal uptake between
harvest days of EDTA treatments and also betwee T A treatment and without its
treatment as determined by student’s t-test (p3@6Shown irFigure 1.t0 5.

The shoot and root uptakes have shown a highlyfgignt difference in between the
control and test concentrations as well as withentest concentrations including EDTA
treatments by student’s t-test (p<0.005) exceplietyveen TC1 and TC2 60th day of
without EDTA treatment as shown in Figure 1.1 t6.1An increase in uptake with
increase in test concentrations was observed amdeults were in agreement with
literature (Yu-Hong and Youn-Guan 2005). This wasapected trend in accumulation
studies. These results indicate that the test epemuld be a hyperaccumulator. The
concentrations of metal uptake by the shoot wegh hen compared to root uptakes
in all the metal exposures on all the harvest day® results indicate that the test
species could be a hyperaccumulator.
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Table 9. Two-way Anova for metal uptake by shoot (withouT Elreatment)

Source DF SS MS F P
Test concs 3 18089.1 6029.70 8.Y7 0.013
Harvest days 2 10139.7 5069.88 7.87 0.024
Error 6 4124.9 687.48
Total 11 32353.6
S =26.22 R-Sq = 87.25 % R(&1) = 76.63 %
Table 10. Two-way Anova for metal uptake by root (withoufTROreatment)
Source DF SS MS F P
Test concs 3 6125.0 2041.67 20.67 0.001
Harvest days 2 8465.8 4232.89 42.86 0.000
Error 6 592.6 98.76
Total 11 15183.4
S =9.938 R-Sq = 96.10 % RSt = 92.84 %

The shoot lengths showed a significant differemcledatween 20 and 40 as well as 20
and 60 harvest days of without EDTA treatment aterd@ned by student’s t-test
(p<0.05). No significant difference was reportedhi the test concentrations and also
between test concentrations and control on dayndi06@ as determined by student’s t-
test (p>0.05). No significant difference withinttesncentrations and scorings of EDTA
treatment was observed as determined by studetdé® {p>0.05) indicating that there
was no growth. No significant difference could leported between EDTA treatment
and without treatment as determined by studertgstt{p>0.05) as shown kigure 6to
10. Maximum growth was attained in TC3 on day 60 @BG&m).

The root lengths showed a significant differencéwken 20 and 40 as well as
between 20 and 60 days by student’s t-test (p<0.85%¥ignificant difference was
observed in EDTA treated samples when comparetidset without its treatment by
student’s t-test ( p<0.05). No significant diffecenwas reported between 40 to 60 days
and the harvests of EDTA treatment (p>0.05) asroeted by student’s t-test. No
significant difference between the control and wmmicentrations and within the test
concentrations on day 20 could be reported by stigle-test showing no growth
(p>0.05). There was no significant difference intween the scorings of EDTA
treatment and also between EDTA treatment and witB®TA treatment by student’s
t-test (p>0.05). A significant increase was foundtween control and the test
concentrations (p<0.05) and no significant diffeeerwithin the test concentrations
(p>0.05) was observed by student’s t-testdag 40 as shown ikigure 6.to 10. The
overall results of the shoot length and root lenigiticate thatP. hysterophoruss
tolerant to Zn.
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The pattern of addition of biomass is important farytoextraction studies to
estimate the best time to harvest the biomasd$isncase harvesting after 60 days was
best, as no mass was added beyond this period.

The shoot biomass (dry matter) showed no signifideference with time including
EDTA treatment and between EDTA and without EDTéatments showing no growth
(p>0.05) excepting from 20 to 60 days where themaiss increased showing enough
growth as determined by student’s t-test (p<0.85%ignificant increase was observed
in TC1 when compared to control and decreased iad vikien compared to TC1 on day
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20 (p<0.05). On day 40 also there was increashantsiomass of TC1, TC2 and TC3,
and on day-60 TC1 and TC2 have increased when aeachga control (p<0.05) by
student’s t-test. No significant difference was exsed within test concentrations on
day 60 and EDTA scorings and between test condemtsaand control in EDTA
scorings by student’s t-test (p>0.05) as showrFigure 11 to 15. The maximum
amount of shoot biomass was obtained in TC2 on é&ytof without EDTA treatment.

A significant increase was reported in the roointass (dry matter) from 20 to 60
days of without EDTA treatment (p<0.05) indicatieagough growth and no significant
difference was found to be reported in EDTA scasiag well as between EDTA and
without EDTA treatments (p>0.05) by student’s tt&s shown irFigure 11.to 15. The
increase in root biomass was significantly highQy®85) in all the test concentrations
when compared to control on day 40 and on day @0aasignificant increase could be
reported only in TC1 and TC2 when compared to cbntr
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Figure 11. Plant dry wt in different Figure 12. Plant dry wt in different
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Figure 13. Plant dry wt in different Figure 14. Plant dry wt in different
concentrations (g/plant) on day - 60 concentrations (g/plant) on I-scoring of
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Figure 15. Plant dry wt in different
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Maximum amount of root biomass was obtained in D@ Hay-60.Usually, when the
concentration of a heavy metal in soils is not bigthan the critical value that affects
the growth of a plant, the aboveground biomassp&at will not decrease significantly
even though the concentration of the heavy metaloits is very high. Once when it
exceeds the critical value, would the growth oflanpbe adversely inhibited, followed
by occurrence of abnormal leaf colour, reductionplant height and decrease in
aboveground biomass (Sun et al., 2001; Wei e2@04; Zhou et al., 2004).

The results of the plant height and biomass as showrigure 6. to 15 suggest that
P. hysterophorus L. is tolerant to Zn typical ohygperaccumulator (Chaney et al.,
1997).

Leaf pigments nutrientsand in plants

Chl ‘a’ has shown a highly significant decreasevatiues with time from 20 to 40
days and 20 to 60 days of without EDTA treatmentl@®rmined by student’s t-test
(p<0.005) and no difference was reported betweemth 60 days as determined by
student’s t-test (p>0.05). The chl ‘a’ content IDEA treatments showed a highly
significant reduction when compared to those withtautreatment indicating its effect
as determined by student’s t-test (p<0.05). A highgnificant difference was observed
between controls and the test concentrations, nviast concentrations on 20, 40, 60
days of without EDTA treatment and the I-scoring=BfTA treatment as determined by
student’s t-test (p<0.005). In the Ill-scoring of E® treatment highly significant
difference was reported between controls and tastentrations (p<0.005) whereas no
difference was observed in between within test entrations (p>0.05) as shown in
Figure 16and17. The lowest content of chl ‘a’ was obtained in T@2the Il-scoring
of EDTA treatment.The overall results have showat tinetal uptake could effect the
chl ‘a’ content as it reduced with increase in rhefgposures and time.

NN
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@|l-Scoring

Chlorophyll content (mg/g)
oo oo
= N L I ==

Chlorophyll content (mg/g)
000000000
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Cc TC1 TC2 TC3 C TC1 TC2 TC3

Test Concentrations Test Concentrations
Figure 16. Chlorophyll a content in different Figure 17. Chlorophyll a content in
concentrations at different harvests (mg/g) different concentrations at different

harvests (mg/g) with EDTA treatment

Chl ‘b’ has shown highly significantly decrease wihcrease in time i.e from 20 to
40 and 20 to 60 days (p<0.005) and no significaiférénce between 40 and 60 days
and the scorings of EDTA treatments (p>0.05) waseoked by student’s t-test. A
significant difference was observed between EDTA waithout EDTA treatments as
determined by student’s t-test (p<0.05). There wwakighly significant difference
between control and test concentrations on 40, &¢s dand between the test
concentrations of EDTA treatment as determined byudent's t-test
(p<0.005) which is indicative of the metal effest shown inFigure 18and 19. The
lowest content of chl b’ was obtained in TC2 oe thscoring of EDTA treatment.
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Figure 18. Chlorophyll b content in Figure 19. Chlorophyll b content in
different concentrations at different harvests different concentrations at different
(mg/g) harvests (mg/g) with EDTA treatment

Carotenoids have shown a significant reductiorisrvalues from 20 to 40 days and
20 to 60 days as determined by student’s t-testO(Qb). A significant difference in
EDTA treatment was observed when compared to witiisureatment as determined
by student’s t-test (p<0.05). There was no diffeeebetween 40 and 60 days as well as
between EDTA scorings by student’s t-test (p>0&5xhown irFigure 20and 21 A
significant difference was observed between cordamal test concentrations as well as
within the test concentrations on day 40 and 60sdaycluding EDTA (p<0.005) as
determined by student’s t-test. The lowest contérdarotenoids was obtained in TC2
on ll-scoring of EDTA treatment.
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Figure 20. Carotenoids content in Figure 21. Carotenoids content in different
different concentrations at different concentrations at different harvests (mg/g)
harvests (mg/g) with EDTA treatment

The yellowish colour of the leaves and the redurctio leaf pigments as shown in
Figure 16 to 21 are indication of Zn accumulation which has causatbrophyll
degradation (Prasad and Strzalka, 1999).

The shoot and root nitrates showed no significaifferénce within the metal
exposures and the harvest days including EDTAnreat as determined by two way
anova (p>0.05). A student’s t-test was also coratleind found a highly significant
increase in EDTA treatment of shoot when compameadgithout its treatment (p<0.005)
of shoot. This could be due to the effect of EDTA\aachelating agent with respect to
shoot.

The results of shoot and root phosphorus showedignificant difference within
exposures and harvest days including EDTA treatrngmivo way anova (p>0.05). The
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shoot and root phosphorus showed no significaféréiice between individual harvest
days (p>0.05) including EDTA treatment exceptingdaignificant decrease from 20 to
40 days in root phosphorus (p<0.05) as determiyestumlent’s t-test. Whereas a highly
significant increase was observed in shoots andsrod EDTA treatment when
compared to those without its treatment (p<0.00®wéng the effect of the chelate
(Table 18, 1%

Shoot and root potassium showed no significanedifice within test concentrations
(p>0.05) including EDTA treatment but a highly sigrant difference (p<0.005) was
reported between harvest days of without EDTA tnemit where no siginificant
difference with EDTA treatment (p>0.05) was obsdrg two way anovaT@ble 11,
12). No significant difference between EDTA and with&DTA treatments and within
the scorings of EDTA treatment of both shoot andt rp>0.05) was observed by
student’s t-test. A significant difference could fieported between all the harvest days
in shoots (p<0.05) and a highly significant redoictirom 40 to 60 days and 20 to 60
harvests (p<0.005) in roots by student’s t-teSiab{e 18, 19 No particular trend of
either shoot or root potassium was followed foraheffect.

Table 11. Two-way Anova for potassium in shoot (without EDFEatment)

Source DF SS MS F P
Test concs 3 0.50117 0.16706
Harvest days 2 4.99338 2.49669 1.81 0.245
Error 6 0.55282 0.09214 27.1( 0.001
Total 11 6.04737
S =0.3035 R-Sq = 90.86 % RE81)) = 83.24 %

Table 12. Two-way Anova for potassium in root (without EDfféatment)

Source DF SS MS F P
Test concs 3 0.04776 0.015921 0.72 0.576
Harvest days 2 0.81989 0.409943 18.51 0.003
Error 6 0.13286 0.022144
Total 11 1.00051
S=0.1488 R-Sq =86.72 % RE81)) = 75.65 %

The shoot and root sodium results have shown noifisignt difference within
exposures ( p>0.05) and a significant difference whserved between harvest days
(p<0.005 for shoot & p<0.05 for root) of without EB treatment as determined by
two-way anovaTable 13, 1% EDTA harvests showed significant difference wittest
concentrations in shoots and between harvests hsasvevithin test concentrations in
roots (p<0.05) by two way anovadble 15, 1B Using student’s t-test it was found that
sodium in shoots have decreased from 40 to 60 dags20 to 60 days (p<0.05 and
p<0.005) and in roots from 20 to 60 days (p<0.0%ere was no significant difference
between EDTA and without EDTA treatment in shoptsQ(05) whereas, an increase in
values of EDTA treatment when compared to withasittieatment were observed in
roots (p<0.05) by student’s t-test. No significdifference could be reported between
the scorings of EDTA in either the shoot or roadism levels (p>0.05) by student’s t-
test Table 18, 1%

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(3):67-290.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kft., Budapest, Hungary



Sanghamitra et al.: Uptake of Zn (Il) by an invasiveed specid3arthenium hysterophorus
- 283 -

Table 13. Two-way Anova for sodium in shoot (without EDTéatment)

Source DF SS MS F P
Test concs 3 0.021150 0.0070500 3.48 0.090
Harvest days 2 0.080825 0.0404123 19.96 0.002
Error 6 0.012148 0.0020246
Total 11 0.114122 AW
S =0.04500 R-Sq = 89.36 % dRE&j) = 80.49 %

Table 14. Two-way Anova for sodium in root (without EDTA treant)

Source DF SS MS F P
Test concs 3 0.0049758 0.0016584 1.83 0.242
Harvest days 2 0.016996H 0.0084983 9.38 0.014
Error 6 0.0054385 0.0009064
Total 11 0.0274103
S =0.03011 R-Sq =80.16 % &) = 63.62 %

Table 15. Two-way Anova for sodium in shoot with EDTA treatime

Source DF SS MS F P
Test concs 3 0.028576 0.0095253 9.86 0.049
Harvest days 1 0.001800 0.0018000 1.y7 0.276
Error 0.003052 0.0010173
Total 0.033428
S=0.3190 R-Sg =90.87 % RE8t)) = 75.65 %

Table 16. Two-way Anova for sodium in root with EDTA treatine

Source DF SS MS F P
Test concs 3 0.0158954 0.0152985 22.72 0.015
Harvest days 1 0.0128801 0.0128801 19.113 0.022
Error 3 0.0020204 0.0006735
Total 71 0.0607959
S =0.2595 R-Sqg = 96.68 % RESt) = 92.25 %

Shoot and root calcium showed no significant ddfere within exposures and
between harvests including EDTA treatments by tway wanova (p>0.05) excepting
between harvests of shoots of without EDTA treatni€able 173. A highly significant
increase in shoot of EDTA treatment when comparedvithout its treatment was
observed by student’s t-test (p<0.005) showingftsct as a chelate. From student’s t-
test both shoot and root showed significant difference (p>0.05) between harvests
EDTA and without EDTA could be reportedable 18, 1%
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Table 17. Two-way Anova for calcium in shoo t(without EDTéatiment)

Source DF SS MS F P
Test concs 3 0.028047Y 0.0093492 4.54 0.055
Harvest days 2 0.0283954 0.0141977 6.89 0.028
Error 6 0.0123585 0.0020597
Total 11 0.0688016)
S =0.4538 R-Sq = 82.04 % RE&t) = 67.07 %

Bioconcentration and translocation factors

The BCF of shoot has decreased with time (harvests) means the power of Zn
accumulation reduced with maturity of the plantisibound to get reduced in soils and
the same trend was observed in shoot and root landraEDTA treatment of shoot.
Whereas the BCF of root has increased with timeDTA treatment showing that the
plant is extracting more metal and was in agreemetht earlier studies (Ghosh and
Singh, 2005). The BCF being greater >1 indicates Rhhysterophoruss efficient in
bioconcentrating zinc into shoots and roots thainghroots showed lower efficiency.

Plants must have the ability to translocate Zn froot to shoot or compartmentalize
it in order to continue absorption of Zn from thebstrate. Better translocation is
advantageous for uptake (Ghosh and Singh, 200&pslucation to shoot is one of the
mechanisms of resistence to high Zn levels. TheofTwithout EDTA treatment has
increased from the first (20 days) to the secortlddys) harvest and reduced on the
third (60 days) harvest i.e decreased on completinity. The TF has decreased with
increase in metal exposures in the I-scoring of BANd in the ll-scoring of EDTA
there was a slight decrease from TC1 to TC2 and ¢hslight increase from TC2 to
TC3. The overall results showed that the TF>1 wiscan indication of the test species
efficiency in uptake and translocation of Zn andn che considered as a
hyperaccumulator (Baker, 1981). The shoot to ratibrof contaminant concentrations
in all confirmed hyperaccumulators are >1, whetbasratios are invariably <1 in non-
accumulators (Raskin and Ensley, 2000).
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Table 18. Nutrients of Shoot and Root in different test emtiation on different harvest

days
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Results are means = SE (n = 5)
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Table 19. Nutrients of Shoot and Root in different test cotretion on different harvest
days

With EDTA Treatment

Parameter EDTA — | Scoring EDTA — 1l Scorin
C TC1 TC2 TC3 C TC1 TC2 TC3

Nitrate Nitrogen | 0.40+ | 0.42+ | 0.27+ | 0.31+ | 0.30+ | 0.46+ | 0.5% 0.5+
(mg/100g) 0.006 | 0.012 | 0.14 | 0.001 | 0.006 0.02 | 0.001| 0.001
Shoot 0.26x | 0.39%+ | 0.30+ | 0.30+ | 0.70+ | 0.32+ | 0.37+ | 0.37%
Root 0.006 | 0.002 | 0.013 | 0.006 | 0.14 0.006 | 0.001| 0.012
Phosphorus 11.24+ | 13.16 | 16.74 | 14.74 | 11.48 | 13.8+ | 18.16 20+
(mg/100g) 0.24 +0.16 | £0.24 | £0.24 | £0.48 | 0.001 | +0.16| 0.001
Shoot 5.9+ 8+ | 979+ | 7.9+ | 7.16+ | 9.16+ | 9.64+ | 11.2+
Root 0.4 0.001 | 0.001 | 0.001 | 0.76 0.16 0.64 0.001

Potassium (%) 230+ | 2.44+ | 253+ | 258+ | 1.20+ | 2.15+ | 244+ | 2.7+
0.4 0.48 0.6 0.52 0.54 0.61 0.45 0.53

Shoot 191+ | 2.03+ | 2.08+ | 1.97+ | 2.02+ | 2.04+ | 24+ | 2.16%
Root 0.22 0.27 0.3 0.3 0.38 0.3 0.4 0.43
Sodium (%) 0.34+ | 0.46x | 0.46+ | 0.36= | 0.26% | 0.43+ | 0.44%= | 0.38%

0.18 0.2 0.22 0.28 0.32 0.38 0.4 0.35
Shoot 0.12+ | 0.26x | 0.28+ | 0.25%+ | 0.15% | 0.37+ | 0.36%= | 0.36%
Root 0.60 0.55 0.49 0.51 0.47 0.45 0.43 0.39
Calcium (%) 1.04+ | 1.00+ | 0.96+ | 0.82+ | 0.98+ | 0.86+ | 0.96+ | 1.03%

0.69 0.60 0.52 0.48 0.42 0.55 0.48 0.55
Shoot 0.24+ | 0.22+ | 0.22+ | 0.19%+ | 0.23+ | 0.25+ | 0.31+ | 0.31%
Root 0.51 0.35 0.40 0.45 0.5 0.58 0.70 0.75

Results are means = SE (n = 5)

Conclusions

A significant increase in shoot and root concertdret of the heavy metal Zn with
increase in test concentrations in the medium shawpositive response of the
P.hyterophorusfor its accumulation (Wei, 2004). The plant toleza for Zn was
evident in form of increase in plant height andkdtiomass of the plant. The plants in
all the concentrations grew till maturity. An inas® in plant height and plant biomass
with respect to time was positive. There was aneiase in uptake with increase in test
concentrations which is in agreement with earliedi®s (Yu-Hong and Youn-Guan,
2005). The highest uptake was observed in TC3 gn2fain both shoot and root
(252.96ug/g & 164.2219/9). In EDTA treatment also the highest uptake wlaserved
in TC3 for both shoot and root on both the scorifig&jig/g, 131.044ig/g on I-scoring
& 198ug/g & 124ug/g on ll-scoring).

The BCF of shoot has decreased with time indicatvag Zn accumulation reduced
with maturity of the plant. Whereas the BCF of rbas increased with time in EDTA
treatment showing that the plant is extracting mmoetal and metal enhancement due to
EDTA treatment. The increase in BCF with time wasagreement with literature
(Ghosh and Singh, 2005). The translocation propeseribed that the content of heavy
metals accumulated in shoot (including stems andelg) of a plant should be higher
than those in its roots, i.e TF>1. On the basi®wf work, endurance property and
enrichment factor property should be considered jadging standards of
hyperaccumulators too (Ma et al., 2001; Wei anduZt&9D04; Zhou and Song, 2004).
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The enduring characteristic means that hyperacatorsl should have strong
endurance to heavy metals contamination. For plaested under experimental
conditions, the aboveground biomass (the sum ofstgns, leaves and inflorescence)
of hyperaccumulators should not significantly berdased compared with the control
when they are growing in soils contaminated by heaetals seriously. At least the
aboveground biomasses of plants should not befisignily reduced when the levels in
soils are high enough to make the contents of hesatals absorbed by plants reaching
the critical concentration standards what hypenaedators should accumulate.
Enrichment factor characteristic should be > 1, ainléast the EF should be higher than
1 when the content of a heavy metal in soil is hdygequal to the minimum of a
hyperaccumulator. According to these standdPd$yysterophorusan be validated as a
hyperaccumulator, because the plant displayed gttolerance to and translocation
ability of Zn and EF in shoots was > 1. The conditn of Zn accumulated by the test
species was increased significantly after 0.1g/k&DTA was added to the medium.
This was in agreement with the findings in literat(iTurgut et al., 2004). Phosphorus is
one of the chemical constituent of the soil whinteiferes with zinc uptake by plants
(Lindsay, 1972). The uptake will be high in low ghborus soils. A similar trend was
observed in the present study. Shoot and root giatashave decreased with decrease
in metal uptake and increase in time including EDifédatment. The sodium levels in
shoot and root of without EDTA treatment decreaseh drecrease in metal uptake and
increase in time, root sodium of EDTA treatmentrdased with increase in metal
uptake and increase time. The plant potassium aduim (without EDTA treatment)
were directly proportional to the metal uptake. &@hatrates and calcium, root sodium ,
shoot and root phosphorus have shown significaotease with EDTA treatment
showing the effect of EDTA in enhancement of nuirieptake. Shoot calcium without
EDTA treatment increased with growth and slighttduced at complete maturity. The
overall results have shown that the metal uptakeldceffect the chl a, b and
carotenoids content as it reduced with increasenetal exposures and time and
especially in edta treatment. This could possilgylbe to the accumulation of the Zn. It
has been reported that heavy metals are accumurhated plants maximally and cause
chlorophyll degradation due to heavy metal strédsmgad and Strzalka, 1999).The
accumulator species such Bsassica speciesand other accumulator crop species
required special care in field applications. Wheregeds such a@3.hysterophorusn
the present study required no care to grow, thés psactical problem that will require
care in filed applications. The BCFs of shoots esats and TFs being > 1 showing its
validity for hyperaccumualtion of the metal can Ilae promising species for
phytoextraction of heavy metals and remediatiomefal contaminated soils.
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