International Journal of Ecology and Environmental Sciences
www.ecologyjournal.in
Online ISSN: 2664-7133, Print ISSN: 2664-7125, Impact Factor: RJIF 5.28
Received: 10-02-2021, Accepted: 13-03-2021, Published: 05-04-2021
Volume 3, Issue 2, 2021, Page No. 24-28

Phytoremediation of soil contaminated with chromated copper arsenate (CCA) using Eucalyptus species
Rathna Kumari BM1, Raveesha HR2
Department of Botany, Government First Grade College, Vijayanagara, Bengaluru, Karnataka, India
2
Department of Botany, Bangalore University, Jnana Bharathi Campus, Bengaluru, Karnataka, India

1

Abstract
The soil is gradually undergoing contamination with heavy metals and is mainly due to natural processes and human activities. Among
various remedial techniques, phytoremediation is known to be effective in mitigation of polluted metals in the soil. The performance of
two fast growing tree species, Eucalyptus citriodora and Eucalyptus tereticornis, was evaluated for their tolerance and accumulation of
CCA compounds viz Cr, Cu and as in potting conditions. The results showed that seeds of both Eucalyptus species recorded better
germination. Similarly, the root and shoot length and biomass of these species were high in saplings grown under lower concentrations
and were decreased with increase in the levels of CCA. Surprisingly, the roots of the Eucalyptus species accumulated greater levels of
CCA than shoot. Thus, it is concluded that, E. citriodora and E. tereticornis are potential phytoremediation agents of the soils
contaminated with CCA.
Keywords: Eucalyptus species, chromated- copper- arsenate, tolerance, accumulation
Introduction
Contamination of soil by heavy metals is one of the major
environmental hazards worldwide (Garbuio et al. 2012) [7].
Heavy metals are generally non-degradable and remain persistent
in the soil for a long period by causing long-term effects on the
environment (Suman et al. 2018) [27]. Chromated Copper
Arsenate (CCA) is a wood preservative, used in protection of
wood from microbial decay and insect damage. These CCA
treated woods are widely used as construction material resulting
in increased levels of its components viz Cr. Cu and as in the soil
by leaching and subsequently causing environmental pollution
(Khan et al., 2006) [13]. Accumulation of these heavy metals in
agricultural fields initiates concerns on crop productivity and
food safety (Saleem et al. 2020) [24]. Therefore, decontamination
of these heavy metals is pre-requisite for mitigating their negative
impact on the environment (Tangahu et al, 2011) [28].
Many technologies have been adopted for remediation of soils
contaminated with heavy metals (Gu et al. 2013) [9].
Comparatively, biological methods (Cesar et al. 2012) are
considered as promising remediation technologies for their costeffective and eco-friendly nature than physical (Cappuyns, 2013)
[3]
and chemical methods (Ali et al., 2013) [1]. Recently,
phytoremediation has emerged as green-technology in removing
heavy metals from the soil (Ashraf et al. 2019) [2]. However,
efficiency of this technology is primarily governed by
physiological characteristics of plants and nature of heavy metals
(Megateli et al., 2009) [16]. Many plant species have been used as
hyperaccumulators for a wide range of heavy metals in the soil
(Saleem et al. 2019) [22, 23] and have the ability to take-up large
amounts of metals in plant tissues without harmful effects
(Ogunkunle et al. 2015) [19]. Interestingly, indigenous plant
species are proved to be most efficient in accumulation of
contaminants in soil than exotic species (Ashraf et al. 2019) [2].
Eucalyptus trees show a shallow root system, fast growth, and
production of huge biomass (Hazrat et al. 2014) [11] in dry and

nutrient rich soils. Further, Eucalyptus sp. found high
bioaccumulation of metals in its tissues such as Cd, Cu, Pb, Ni,
Zn, and Cr (Motesharezadeh et al. 2017) [17]. Therefore, studies
were conducted to evaluate the efficacy of Eucalyptus citriodora
and Eucalyptus tereticornis in phytoremediation of Chromated
Copper Arsenate.
Materials and Methods
Experiments on phytoremediation of soils treated with
Chromated Copper Arsenate (CCA) compounds viz Cr, Cu and
As were conducted in two fast growing Eucalyptus tree species,
Eucalyptus citriodora and Eucalyptus tereticornis in potting
conditions. The seeds of E. citriodora obtained from CSIRCentral Institute of Medicinal and Aromatic Plants (CIMAP),
Bengaluru and E. tereticornis from Institute of Forest Genetics
and Tree Breeding (IFGTB), Coimbatore were used in the
experiments. The seeds were surface sterilized with Bavastine
(0.1%) and sown in the pots of soil supplied with nutrients. Heavy
metal tolerance tests in terms of seed germination were conducted
by exposing the seeds of both the eucalyptus species to different
concentrations of CCA (50 to 5000 ppm) in the germination
chamber supplied with constant light and temperature (25±1
°C). Seeds with visible protruded radicals and plumule were
considered as germinated. Similarly, the length of shoot and roots
of the germinated seedlings were recorded.
Further, the seedlings of 3 to 5 cm length were transplanted into
a potting medium filled with sufficient quantity of air dried soil
supplied with necessary nutrients. The commercially available
CCA having a proportion of Cr (K2Cr2O7-50%), Cu (CuSo4,
5H2-37.5%), and As (As2O5, 2H2- 12.5%) was used in the study.
The potting medium was supplied with each concentration (250
to 2500 ppm) of CCA separately. Later, the seedlings of one
month old were transplanted into the earthen pots of 2000cc
capacity. Suitable management practices, including sufficient
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irrigation and weed control were performed during the
experiments. After six months, the shoot (stem and leaves) and
roots of each test tree species were harvested. The stem, leaves
and roots were dried and estimated the biomass.
Similarly, the roots were separated from soil by means of screens
and washed out with running water. About 1g each of leaves,
stem and roots of both the tree species in each earthen pot were
sampled and digested in a heated di-acid mixture of concentrated
HNO3 and HCl (3:1, v/v). The concentration of Cr, Cu and as in
the samples were measured with flame atomic absorption
spectrometer (GBC, Germany). The experimental data were
analyzed using SPPS 20 and the mean values of each treatment
in four replications are expressed in mean± standard error. The
differences between the treatments were tested statistically at
0.05% and probability by one way ANOVA.
Results
Germination of Seeds and Growth of Eucalyptus Seedlings
The germination of seeds and also the growth of seedlings of
Eucalyptus species in respect of shoot length and root length were
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recorded at different concentrations of CCA (Table.1). The
observations revealed that the seeds of E. citriodora species
showed better germination than E. teresticornis in different
concentrations of CCA.
The rates of germination of seeds of E. teretocornis and E.
citriodora recorded in 50ppm CCA concentration were 67.67 %
to 90.00% respectively. However, the percent seed germination
was decreased with increase in the concentrations of CCA. The
E. citriodora recorded 70.13% germination in contrast to 31.67%
germination in E. tereticornis in 5000 ppm CCA concentration.
Similarly, the shoot and root lengths of seedlings of Eucalyptus
species also varied through different concentrations of CCA. The
greater shoot lengths of 10.33 cm and 2.77 cm and root lengths
of 5.83 cm and 1.53 cm were recorded in E. citriodora and E.
tereticornis respectively in control pots without application of
CCA. However, shortest shoot and root lengths of 2.03 cm and
0.30, and 0.40cm and 0.10 cm was recorded in the seedlings of
E. citriodora and E. tereticornis in 5000 ppm CCA concentration
respectively.

Table 1: Effect of Chromated copper Arsenate (CCA) on seed germination and growth of Eucalyptus citriodora and Eucalyptus tereticornis
seedlings
Eucalyptus citriodora
Eucalyptus tereticornis
Germination (%) Shoot length (cm) Root length (cm) Germination (%) Shoot length(cm) Root length (cm)
Control
90.00a
10.33a
5.83a
67.67a
2.77a
1.53a
50
90.00a
9.33b
5.20a
65.67a
2.47ab
1.00b
100
88.33a
8.00c
4.63b
56.33b
2.00bc
0.77bc
500
86.66b
6.00d
2.60c
50.67c
1.55c
0.47cd
1000
84.10b
4.00e
2.10c
46.00d
0.77d
0.27cd
5000
70.13c
2.03f
0.40d
31.67e
0.30de
0.10d
SE(0.05)
6.32
0.56
0.44
3.616
0.3401
0.318
CD(0.05)
11.87
0.98
0.77
6.365
0.5986
0.5611
p-value
2.86E-10
1.56E-12
1.14E-10
3.29E-12
4.97E-08
8.90E-05
Data scored on completion of 21 days after keeping for seed germination.
Concentration of CCA ( ppm)

Effects of CCA on Biomass of Eucalyptus Seedlings
The biomass of Eucalyptus seedlings in respect of fresh and dry
weights was recorded in different concentrations of CCA (Table.
2). The observations showed a significant fluctuation in fresh and
dry weights of E. citriodora and E. tereticornis seedlings in
different heavy metal concentrations. Comparatively, E.
tereticornis showed higher biomass than E. Citriodora species.
Similarly, the maximum fresh and dry weights of E. tereticornis

and E. citriodora recorded were 25 and 11.88g and 23.85 and
10.37g respectively in 250 ppm CCA concentration. However,
the biomass of seedlings decreased with increase in
concentrations of CCA. The minimum fresh and dry weights of
biomass recorded in E. tereticornis and E. citriodora were 11.43
and 5.79 g and 10.04 and 5.31g respectively in 2500 ppm CCA
concentrations.

Table 2: Effect of Chromated copper Arsenate (CCA) on accumulation of biomass of seedlings of Eucalyptus citriodora
And Eucalyptus tereticornis seedlings
E. citriodora
Fresh weight (g)
Dry weight (g)
Control
24.04a*
10.41a
250
23.85a
10.37ab
500
22.67b
9.78ab
750
18.33c
9.70b
1000
15.91d
8.90c
1250
15.31de
8.28cd
1500
14.35e
7.68d
2000
12.95f
6.88e
2500
10.04g
5.31f
SE(0.05)
0.34
0.136
CD(0.05)
1.10
0.694
p-value
1.98E-16
9.8E-12
*Different letters in the column indicate significant differences at 5% probability level
Concentration of CCA ( ppm)

E. tereticornis
Fresh weight
Dry weight (g)
24.5a
10.840ab
25a
11.880a
23.13b
10.150bc
19.24c
10.030bcd
16.25d
9.370cd
15.51de
8.740de
14.76e
7.960ef
13.6f
7.000fg
11.43g
5.790g
0.29
0.512
1.019
1.347
6.02E-17
9.8E-08
25
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Accumulation of CCA Compounds in Eucalyptus Saplings
Accumulation of CCA in the form of its components viz Cr, Cu
and as were recorded in root and shoot of E. citriodora saplings
(Table. 3). Accumulation of test compounds was significantly
increased with increase in concentration of CCA in soil in roots
and shoot of both tree species. Comparatively, roots accumulated
greater levels of CCA compounds than stem and leaves. The
maximum and minimum concentrations of Cr deposited in roots
were 5.197 and 0.576ppm respectively. Similarly, the higher and
lower levels of Cu and as accumulated in roots were 3.810 and
0.200ppm, and 0.518 and 0.029ppm respectively.
Furthermore, the Cr, Cu and as were well accumulated in shoot
parts viz stem and leaves of E. citriodora on exposure to different
CCA concentrations. The maximum and minimum quantities of
Cr found in stem and leaves were 2.393 and 0.093ppm, and 3.463
and 0.096ppm, respectively. Similarly, the higher and lower
levels of Cu and as accumulated in stem and leaves were 1.596
and 0.077ppm, and 2.447 and 0.086ppm, and 0.251 and
0.019ppm, and 0.320 and 0.025ppm respectively.
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Accumulation of Cr, Cu and as, the components of CCA were
recorded in root and shoot of Eucalyptus tereticornis saplings
(Table. 4). The results revealed that the CCA compounds were
found accumulated in roots and shoots. The levels of heavy
metals were high in 2500 ppm and low in 250 ppm CCA
concentrations. The maximum and minimum levels of Cr found
in roots were 5.923 and 0.853 ppm. Similarly, higher and lower
levels of Cu and as accumulated in roots were 3.960 and
0.210ppm, and 0.507 and 0.033ppm respectively.
Similar tendency was also recorded in shoot parts such as stem
and leaves. The maximum and minimum concentrations of Cr
found in stem and leaves were 2.683 and 0.090ppm and 4.570 and
0.100 ppm. The maximum and minimum levels of Cu deposited
in stem and leaves were 1.910 and 0.093ppm/g and 3.203 and
0.096ppm respectively. The high and low levels of as found in
stem and leaves were 0.251 and 0.019ppm and 0.392 and
0.028ppm respectively.

Table 3: Effect of Chromated copper Arsenate (CCA) on accumulation of Chromium, Copper and Arsenic in root and shoot of Eucalyptus
citriodora seedlings of six months age.
Chromium (ppm)
Copper (ppm)
Shoot
Shoot
Root
Root
Stem
Leaves
Stem
Leaves
250
0.576h
0.093fg
0.096g
0.200g*
0.077f
0.086g
500
0.973g
0.136efg
0.213g
0.265g
0.102e
0.206f
750
1.380f
0.276ef
0.590f
0.590f
0.206de
0.290e
1000
2.030e
0.346de
1.077e
1.130e
0.303de
0.336e
1250
2.630d
0.543d
1.930d
1.803d
0.490d
0.56cd
1500
3.437c
1.187c
2.337c
2.553c
0.620c
0.953c
2000
4.4633b
1.690b
2.833b
3.407b
0.736b
1.843b
2500
5.197a
2.393a
3.463a
3.810a
1.596a
2.447a
SE±
0.126
0.1324
0.502
0.1866
0.042
0.2444
CD(0.05)
0.217
0.229
0.869
0.322
0.073
0.4228
p-value
1.79E-21 4.29E-15 4.88E-17 1.18E-16 1.35E-19 8.63E-11
*Different letters in the column indicate significant differences at 5% probability level
Concentration of CCA
( ppm)

Arsenic (ppm)
Shoot
Root
Stem
Leaves
0.029fg 0.019cd
0.025ef
0.061efg 0.032cd
0.032ef
0.073ef
0.043cd
0.050e
0.111de 0.073cd
0.099d
0.141cd 0.119bc
0.127d
0.197c
0.177ab
0.182c
0.280b
0.239a
0.267d
0.518a
0.251a
0.320a
0.037
0.064
0.029
0.065
0.110
0.0515
4.42E-12
6.67E
3.02E-11

Table 4: Effect of Chromated copper Arsenate (CCA) on accumulation of Chromium, Copper and Arsenic in root and shoot of Eucalyptus
teretocornis seedlings of six months age.
Chromium (ppm)
Copper (ppm)
Arsenic (ppm)
Shoot
Shoot
Shoot
Root
Root
Root
Stem
Leaves
Stem
Leaves
Stem
Leaves
250
0.853f
0.090c
0.100fg 0.210d*
0.093f
0.096d
0.033ef 0.019cd
0.028ef
500
1.120ef 0. 183c
0.156fg
0.393d
0.206ef
0.273d
0.061ef 0.032cd
0.047ef
750
1.663de
0.290c
0.236ef 0.633cd
0.320e
0.403d 0.081def 0.043cd 0.068def
1000
2.183d
0.420c
0.396e
1.177cd 0.643d
0.620cd 0.114de
0.73cd
0.099de
1250
3.657c
0.586c
1.877d
1.880bc 0.813b
1.173bc 0.191cd 0.119bc 0.138cd
1500
4.807b
1.443b
2.483c
2.603ab
1.217c
1.800b
0.260bc 0.177ab
0.210c
2000
5.817a
2.556a
3.723b
3.500a
1.530b
2.610a
0.359b
0.239a
0.296b
2500
5.923a
2.683a
4.570a
3.960a
1.910a
3.203a
0.507a
0.251a
0.392a
SE±
0.458
0.453
0.114
0.841
0.137
0.416
0.067
0.063
0.049
CD(0.05)
0.793
0.784
0.198
1.455
0.237
0.719
0.116
0.109
0.085
p-value
4.16E-13 9.86E-08 5.21 E-22 7.37E-06 3.27E-13 5.15 E-09 3.54E-08 6.67E-05 1.05 E-08
*Different letters in the column indicate significant differences at 5% probability level
Concentration of CCA ( ppm)

Discussion
The characteristics of plants such as roots, shoot and biomass play
an effective role in assessing phytoremediation of heavy metal
contaminated soils. The rates of seed germination, root and shoot
lengths and biomass of E. citriodora and E. tereticornis were
decreased with the increase in CCA concentrations. The results

also prove that Eucalyptus species have very good tolerance
against CCA compounds as evident by their seed germination and
size of biomass (Yan et al. 2020). Although eucalyptus species
are not hyper-accumulators, they produce a large biomass and
remove large quantities of CCA compounds. It is apparent that
heavy metals are taken up by tree roots from the soil and
26
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subsequently transported to shoots. In the present study, both
Eucalyptus species accumulated significant amounts of Cr,
followed by Cu and as. Similarly, the roots accumulated greater
quantities of heavy metals than the shoot. Khan (2001) [12] found
a higher amount of Cr accumulation in the root of Dalbergia sisso
followed by stem and leaf with mycorrhizal colonization.
However, a greater amount of Cr was found in both the root and
stem (Manikandan et al. 2016) [15].
Similarly, accumulation of Cu was found in greater amounts in
root, followed by leaf and stem. Pahalawattaarachchi et al. (2009)
[20]
, recorded greater amounts of copper in roots than aerial parts,
and is a strategy to protect the sensitive parts of the plant from
metal toxicity by acting as a barrier for metal translocation.
Similarly, Fernandez and Henrique (1991) [6] found that Cu
tolerant plants prevent copper from reaching stem and leaves by
keeping it in their roots. Our results are also supported by Sela et
al., (1989) [25], who found that the accumulation of metals in roots
and shoots varies with metal concentrations.
The heavy metal, as was found in greater amounts in root
compared to shoot as it is not readily translocated to the shoot
(Rahman et al. 2007) [21]. The findings in the present study reveal
that metal ions taken up by plant species from the contaminated
soil are retained primarily in the roots and only a small proportion
was translocated to above ground mass. The metal-tolerant
species have barrier mechanisms against the toxicity caused by
the heavy-metal initiated pressure, but the duration and
magnitude of exposure and other natural conditions add to the
effect of heavy metals (Nagajyoti et al., 2010) [18].
The greater levels of metals accumulation in Eucalyptus species
is attributed to the well-developed detoxification mechanisms
(Cui et al. 2007, Ghosh and Singh, 2005) [5, 8]. Shanab et al.
(2007) [26] found that the plants grown in metal enriched substrata
take up metal ions and uptake is influenced by the viability metals
in the soil. The differential accumulation of heavy metals in
plants is also determined by mobility and solubility of metals
(Guilizzoni, 1991) [10]. Similarly, the woody species produce a
very high amount of biomass which facilitates the accumulation
of high levels of heavy metals in their shoot system (Luo et al.
2016). Similarly, these tree species have a deep root system,
which can effectively reduce soil erosion and prevent the
dispersal of contaminated soil to the surrounding environment
(Suman et al. 2018) [27].
The present study substantiates efficiency of E. citriodora and E.
tereticornis in phytoremediation of Cr. Cu and as through
tolerance and accumulation in their roots and shoot. However,
growth of Eucalyptus saplings and their performance may be
restricted to experimental conditions including limited soil in the
earthen pots and short- duration of growth period. Based on the
results of the study, it is concluded that, Eucalyptus species are
promising tree species in phytoremediation of Cr, Cu and As
contaminated soil through better germination together with
production of huge biomass, and accumulation of greater levels
of CCA compounds. Further, the heavy metals accumulated by
the trees do not get into the food chain since the tree is mainly
used as a source of timber.
Acknowledgements
The authors are thankful to the Chairman, Department of Botany,
Bangalore University, Bengaluru, India for providing research
facilities and encouragement.

www.ecologyjournal.in

References
1. Ali H, Khan F, Sajad MA. Phytoremediation of heavy
metals-concepts
and
applications.
Chemosphere,
2013:91(7):869-881.
2. Ashraf S, Ali Q, Zahir ZA, Ashraf S, Asghar HN.
Phytoremediation: Environmentally sustainable way for
reclamation of heavy metal polluted soils. Ecotoxicol.
Environ. Saf,2019:174:714-727.
3. Cappuyns V. Environmental impacts of soil remediation
activities: quantitative and qualitative tools applied on three
case studies. J. Cleaner Production.2013:52:145-154.
4. Cesar RL, Maria DRP, Leticia BG. Effect of a saprophytic
fungus on the growth and the lead uptake, translocation and
immobilization
in
Dodonaea
viscosa.
Int.
J.
Phytoremediation,2012:14:518-529.
5. Cui S, Zhou Q, Chao L. Potential hyper accumulation of Pb,
Zn, Cu and Cd in endurant plants distributed in an old
smeltery, northeast China. Environ. Geol.2007:51:10431048.
6. Fernandes JC, Henriques FS. Biochemical, physiological
and structural effects of excess copper in plants. The
Botanical Review,1991:57:246-273.
7. Garbuio FJ, Howard JL, dos Santos IM. Impact of human
activities in soil contamination. Appl. Environ. Soil
Sci,2012:1-2.
8. Ghosh M, Singh S. Comparative uptake and phytoextraction
study of soil induced chromium by accumulator and high
biomass
weed
species.
Appl.
Ecol
Environ.
Res,2005:3(2):67-79.
9. Gu HH, Li FP, Guan X, Yu Q. Remediation of steel slag on
acidic soil contaminated by heavy metal. Asian Agric.
Res.2013:5(5):100-104.
10. Guilizzoni P. The role of heavy metals and toxic materials in
the physiological ecology of submerged macrophytes.
Aquatic Botany,1991:41:87-109.
11. Hazrat B, Ali SS, Kim. Potential of Eucalyptus in the
remediation of environmental problems: a review. Int. J.
Innov. Sci. Res.2014:4:136-144.
12. Khan AG. Relationships between chromium bio
magnification ratio, accumulation factor, and mycorrhizae in
plants growing on tannery effluent polluted soils. Environ
Int,2001:26(5-6):417-423.
13. Khan BI, Solo-Gabriele HM, Townsend TG, Cai Y. Release
of arsenic to the environment from CCA-treated wood. 1
Leaching and speciation during service. Environ Sci.
Technol.2006:40:988-993.
14. Luo j, Qi S, Peng L, Wang J. Phytoremediation efficiency of
CD by Eucalyptus globules transplanted from polluted and
unpolluted sites. Int. J. Phytoremediation. 2016:18(4):306314.
15. Manikandan R. Ezhili N. Muthulakshmiandal N, Paulo JC,
Favas, Venkatachalam P. Assessment of physicochemical
characteristics and the level of nutrient contents as well as
heavy metal ions in waters of three lakes at Coimbatore,
Tamil Nadu, India, J. Mater. Environ. Sci.2016:(7):22592266.
16. Megateli S. Semsari S. Couderchet M. Toxicity and removal
of heavy metals (cadmium, copper and zinc) by Lemna
gibba. Ecotoxicol. Environ. Safty.2009:72:1774-1780.

27

International Journal of Ecology and Environmental Sciences

www.ecologyjournal.in

17. Motesharezadeh B, Kamal-Poor S, Alikhani HA, Zariee M,
Azimiet S. investigating the effects of plant growth
promoting bacteria and Glomus mosseae on cadmium
phytoremediation by Eucalyptus camaldulensis L.
Pollution.2017:3:575-588.
18. Nagajyoti PC, Lee KD, Sreekanth T. Heavy metals,
occurrence and toxicity for plants: A review. Environ. Chem.
Lett. 2010:8:199-216.
19. Ogunkunle CO, Ziyath AM. Adewumi FE, Fatoba PO.
Bioaccumulation and associated dietary risks of Pb, Cd, and
Zn in amaranth (Amaranthus cruentus) and jute mallow
(Corchorus olitorius) grown on soil irrigated using polluted
water from Asa River, Nigeria. Environ. Monit.
Assess.2015:187:281.
20. Pahalawattaarachchi V, Purushothaman CS, Venilla A.
Metal phytoremediation potential of Rhizophora mucronata
(Lam.). Indian J. Mar. Sci. 2009:38:178-183.
21. Rahman MA, Hasegawa H, Ueda K, Maki T, Okumura C,
Rahman MM. Arsenic accumulation in duckweed (Spirodela
polyrhiza L.): a good option for phytoremediation.
Chemosphere.2007:69:493-499.
22. Saleem MH, Ali S, Seleiman MF, Rizwan M, Rehman M,
Akram NA. et al. Assessing the correlations between
different traits in copper-sensitive and copper-resistant
varieties
of
jute
(Corchorus
capsularis
L.).
Plants.2019:8:545.
23. Saleem MH, Ali S, Saleiman MF, Rizwan M, Rehman M. et
al. Assessing the correlations between different traits in
copper sensitive and copper resistant varieties of jute
(Corchorus capsularis L.), Plants.2019:8:545.
24. Saleem MH, Ali S, Rehman M. et al. Jute: a potential
candidate for phytoremediation of metals: A review.
Plants.2020:9:258.
25. Sela M, Garty J, Tel-Or E. The accumulation and effect of
heavy metal on the water fern Azolla filiculoides. New
Phytologist.1989:112:7-12.
26. Shanab RA, Ghozlan HA, Ghanem KM, Moawad HA.
Heavy metals in soils and plants from various metalcontamenated sites in Egypt. Terrestrial and Aquatic
Environmental Toxicology.2007:1:7-12.
27. Suman J, Uhlik O, Viktorova J, Macek T. Phytoextraction of
heavy metals: A promising tool for clean-up of polluted
environment? Front Plant Sci.2018:9:1476.
28. Tangahu BV, Abdullah SS. Basri H, Idris M, Anuar N,
Mukhlisin M. et al. A review on heavy metals (As, Pb, and
Hg) uptake by plants through phytoremediation. Int. J.
Chem. Eng,2011:1-31.
29. Yan A, Wang Y, Tan SN, Yusof MLM, Gosh S, Chen Z. et
al. Phytoremediation: A promising approach for revegetation
of heavy metal polluted land. Front. Plant Sci,2020:359.

28

