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Abstract

Heavy metals (HMs) contaminate the soil through various natural and anthropogenic resources and are transported
to the plant systems. These heavy metals are translocated within the plant system by the apoplast and symplast through
various transporters such as HMAs, ZIP, ABC. HMs disturb plant metabolism, cause oxidative stress and nutrient dearth.
Many researchers have applied exogenous minerals to alleviate these negative impacts caused by HMs. Minerals
mitigate the HMAs induced negative impacts by the enhancement of biochemical reactions and physiological processes
in plants. In the present article the role of exogenous mineral regulation under heavy metal toxicity is being discussed.

J

Keywords: Heavy metals; Exogenous minerals; Oxidative stress;
Transporters

Toxicity of heavy metals in plants and role of mineral
nutrients in its alleviation

Heavy metal contamination in our environment has become a
huge problem for all living things. Heavy metals comprise of an
imprecise group of elements, such as lead (Pb), chromium (Cr), arsenic
(As), zinc (Zn), cadmium (Cd), copper (Cu), mercury (Hg) and nickel
(Ni). These contaminants occur due to the hastened rate of
industrialization and enormous usage of pesticides in agriculture.
Mining, gasoline, paints, sewage, sludges, coal combustion rock
weathering are some of the other sources through which these
contaminants get entry into the ecosystem [1,2]. Heavy metals are also
deemed to be trace elements because of their minimal, but indispensable
requirement in plant growth and development [3]. These HMs have
immense roles in biochemical and physiological functions and are
important constituents of various key enzymes and redox reactions
when present in limited concentrations [4]. Metal mobilization takes
place with the cell wall of root cells and various transporter proteins
make easier the uptake of heavy metals across the plasma membrane
due to their higher affinities with heavy metals [5]. Plant cell has various
transporters such as ATPases (HMAs), Nramps (natural resistance
associated macrophage proteins), the cation diffusion facilitator (CDF)
, the ZIP (ZRT, IRT-like proteins) family and ABC transporters (ATP-
binding cassette) [6]. These individual transporters may have a broad
range like IRT1 transports Fe?*, Zn?*, Mn?*, Cd*"; ZIP4 transports Zn*',
Cu*; NRAMP3/4 transports Fe*, Zn**, Mn*, Cd* and HMAI1
transports, Cu®*, Cd*, Zn** and Co®* [6]. At higher concentrations
these HMs disturb the equilibrium within the plant by affecting the
cellular components like cell membrane, mitochondria, lysosome and
endoplasmic reticulum, alters the behavior of various enzymes involved
in metabolism, detoxification and damage repair [7] (Figure 1). HMs
also induces the oxidative stress in plants [4]. However, Singh et al. [8]
reported the induction of ROS in Zea mays seedling in response to Pb
and Cr stress. Moreover, Tripathi et al. [9] reported the generation of
oxidative stress due to chromium toxicity in wheat seedlings. Plants
have developed diverse and orchestrated mechanisms to overcome
from the adverse impacts of heavy metals. Although, it has been already
revealed that metal transporters plays prominent role in intracellular

metal homeostasis of plants [10] however, plants have developed a
well-off defence system in the form of enzymatic and non-enzymatic
antioxidants [8,9]. Enzymatic antioxidants like superoxide dismutase
(SOD), peroxidase (POD), catalase (CAT) and glutathione-S-
transferase (GST) convert various reactive oxygen species into
hydrogen peroxide, water and oxygen. Whereas, non-enzymatic
antioxidants such as ascorbic acid, flavonoids, glutathione and proline
directly scavenge the free radicals [11]. Consequently at a certain level
of toxicity these defense mechanism works, but at the edge of toxicity
cell apoptopsis occur. Therefore, besides these self defensive strategy of
plant, researchers have evolved the usage of some substances by
exogenous supplementation that can alleviate the heavy metal toxicity
to increases the plant growth and production (Figure 1). In the recent
era, the use of mineral nutrients is a celebrated approach in the
regulation of heavy metals toxicity (Figure 1). Mineral nutrients are
essential element for plant growth and development in both normal
and stressed conditions. Heavy metals may cause mineral deficiencies
that can be invalidated by the addition of mineral nutrients. Moreover,
the availability of nutrients diminishes the HM accumulation and
reduces its toxicity by provoking several physiological mechanisms
[12]. Various experiments have been conducted to show the
ameliorative behavior of minerals against the heavy metal toxicity. For
instance, Gajewska et al. [13] reported the alleviation of Ni toxicity by
the application of selenium in Triticum aestivum. They further
discussed that, Se mitigated Ni induced reduction in concentration of
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Figure 1: Heavy metals transport in the plant cell by the transporters such as IRT,ZIP and HMA [6]. Heavy metals induce the DNA damage, Lipid peroxidation,
disrorted the binding sites of various enzymes, ROS production [9] and cause mineral deficiency in plant [7].While the exogenous application of minerals alleviate the
heavy metal toxicity by competing at the binding sites of transporters [13] increase the production of antioxidant enzyme [14], Mineral also prevent the heavy metal
accumulation by the formation of apoplastic barrier like casparian strips [17] as well as ncrease the root length by inducing the cell expansion [31,32].
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Fe and Mg in shoot, diminished chlorophyll content and increased
electrolyte lekage from the root and shoot cells by competing with
metal ions at the binding sites. Malik et al. [14] described the
ameliorating effects of selenium in mungbean in response to arsenic
stress by increasing the activity of enzymatic and non-enzymatic
antioxidants. The reduced activity of enzymes under As contamination
occure by the diminished active sites [15]. Se helps in ameliorating As
toxicity by checking As uptake and increasing its own accummulation
for plant growth. Se also reported to increase the concentration of
metallothioneins (MTs), thiols and glutathione-S-transferase (GST) in
As stressed plants [16]. Similarly ,Wang et al [17] suggested the use of
selenium (Se) to mitigate the mercury toxicity. The study was conducted
on both hydroponic and soil potted seedlings of Oryza sativa and
results showed that due to the application of Se less mercury
accumulation occured in both seedlings. Se develoved apoplastic and
symplastic barrier in rice seedling by the formation of casparian bands
and suberin lamellae and via lowering the activity of membrane
transporters. Some studies also suggested the utilization of mineral
elements like Fe, S, Si in inducing the changes in the root anatomy,
these minerals interrupts the uptake and accumulation of heavy metal
[18,19]. Srivastva and D’Souza [20] described the role of sulphur in
arsenic stressed plant Hydrilla verticulata. As stress was evident by
generation of ROS and scarce activity of antioxidants like thiols, GSH
and GSSH. Sulphur mitigate those stress by increasing the metal
accumulation ability of plant. Several studies have been conducted to

show the ameliorative role of silicon against the manganese (Mn)
toxicity. For instance, Si reported to mitigate the manganese toxicity in
Rice plants. Exogenously applied Si reduced the increased concentration
of hydrogen peroxide and malonadialdehyde under high Mn
concentration in rice seedling [21]. Similar results were also obtained
by the exogenous supplementation of Si on Mn stressed cucumber
plants. Si increased the tolerancy of cucumber plant for Mn by
increasing the efficiency of the ascorbate-glutathione cycle [22]. These
study explored that the Si increases the Mn tolerancy in plants by
increasing the activity of non-enzymatic antioxidants [23]. Tripathi et
al. [9] reported the silicon regulation in response to Cr uptake in rice
seedlings. According to the study, chromium decreased the Mg, Ca, K,
Zn and Fe transportation and thus damaged the plant anatomical
structures like xylem, phloem and mesophyll cells. However, Si
application diminished those abnormalities by decreasing Cr
accumulation and transportation and by increasing uptake of minerals
and improving the antioxidant system of plants. Anayat et al. [24]
propounded about the mitigation of Cd and Hg toxicity with the help
of nitrogen application in Foeniculum vulagre. In their study, Hg was
reported to be more toxic than Cd, Hg decreased the chlorophyll a and
chlorophyll b at 0.252 mgg'Fw and 0.290 mgg'Fw concentration,
while Cd reduced the Chl a and Chl b at 0.290 and 0.309 mg'Fw
concentration [24]. Their investigation revealed that exogenous
application of nitrogen increased the metal tolerance capacity of plant
by increasing the reduced level of chlorophyll a and b and carotenoid
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content and also by reducing the elevated level of proline in stressed
plants. Similarly, Pankovic et al. [25] reported the effect of exogenous
supplementation of nitrogen in Cd-treated sunflower. Nitrogen
application to the plant ameliorated the toxicity generated by the Cd
treatement. Toxicity was displayed in terms of reduced photosynthetic
activity by affecting the PS II reaction centers and regeneration of
ribulose-1,5-bisphosphate. Gaafar et al. [26] reported the Cd toxicity in
Triticum aestivum and its detoxification by sulphur (S). Cadmium
increased the MDA concentration due to the excess production of
ROS, decreased plant growth by reducing Chl a, Chl b, and inhibited
the growth of rice seedling by inhibiting root length and shoot length
and biomass. While, S showed mitigating effects in plants by enhancing
Chl a, Chl b content and by increasing the activity of CAT, POD and
SOD. It has also been accounted that Cd inhibits proton pumps which
are responsible for the cell elongation [27]. Several studies have been
conducted to explore the ameliorative effects of Si application on heavy
metal stressed plants [28,29]. Exogenous application of Ca and Si
restores plant growth and mitigate all the negative impacts imposed by
HMs. Ca reportedly reduced the Cd activity at plasma membrane level
in root cells [30,31] and Si take parts in enhancing the cell wall
expansion [31,32]. Silicon and Zinc were successfully used with
glutathione in the alleviation of Cd and Cr toxicity in rice. Cadmium
and chromium also documented to reduce the activity of antioxidant
enzymes such as APX and CAT and increase the accumulation of MDA
in plant cells. While the exogenous applications of Se and Zn in
combination to glutathione suppress the ROS production by increasing
the APX and CAT activity [33]. Gunes et al.[34] reported the
phytotoxicity of arsenic in chickpea and its mitigation by using the
phosphorus. Phosphorus at high concentration decreased the elevated
level of free radical production and lipid peroxidation under As stress.
Moreover, phosphorus protects plants from arsenic toxicity because
arsenate and phosphate are chemical analogues and are absorbed by
the plant from the same transport system [35]. Wang and Song [36]
reported that exogenous application of calcium in alleviating the
cadmium toxicity. Cadmium decreased the plant length, biomass,
chlorophyll and protein content and increased free radical production
and lipid peroxidation. However, Ca mitigated the Cd induced toxicity
and further increased the plant growth and biomass and the
concentration of antioxidant enzymes [37]. In another investigation
treatment of MnSO A documented to reduce the cadmium toxicity, it
playes a defensive role for improving the photosynthetic tissues in the
Cd-stressed plants [38]. Mn increases the antioxidant concentration
and also reduces the Cd acquisition because Cd and Mn share common
transporters. Therefore, that is how Mn regulates the Cd concentration
at the transportation level [12, 30, 39,40].

Conclusion and future prospects

In the recent scenario, lack of nutritional value is one of the major
problems acknowledged by the world health organization. Minerals
are the indispensable constituents of nutrients for animals and plants.
Though contamination of heavy metals in soil disturbs the uptake
and transportation of mineral elements and reduces the plant growth
and development by causing nutrient scarcity, ROS generation and
reduction in photosynthetic activity. However, Optimum availability
of nutrient elements mitigates the toxicity of heavy metals by
regulating various physiological, biochemical and molecular reactions.
Antioxidant system, photosynthetic activity and transporters are
the chief components which take part in heavy metal homeostasis.
Although, at some extent these homeostasis mechanisms of plant
system worked, but at higher concentration of heavy metal plant cell
and their physiological mechanism get affected. To alleviate or evade

these negative impacts addition of mineral elements to the plants by
the exogenous application is effective. Use of minerals enhances the
plant growth and mitigate heavy metal toxicity by interfering in various
physiological and biochemical mechanisms. Hence mineral regulation
offers an approach to alleviate the heavy metal toxicity. Use of minerals
to mitigate heavy metal toxicity is predicted to becoming an emerging
trend in the agricultural field in future. This article recapitulates the
current advancement in understanding the mitigating behavior of
exogenous minerals applications, but besides these understandings, the
pathway of mineral mediated alleviation of metal toxicity is inadequate.
Therefore, further research is required for the better understanding
of mineral homeostasis in heavy metal toxicity at physiological and
molecular level. Attention should be paid on the signaling process of
metal homeostasis and to work out the probable interactions among
various nutrients and metal toxicity. As well as ingenious, extensive
and enduring fields experiment is required to assess the possibility of
mineral application for the remediation of metal contaminated soils.
More attention required to fertilize the contaminated crops with the
beneficial mineral elements, which may boost the crop production.

Conflict of Interest
Authors declare that they have no conflict of interest.
Acknowledgments

Authours are thankful to University Grant Commision (UGC), New Delhi, India
for providing UGC-D.Phil Scholarship. Dr. Dugesh Kumar Tripathi further extended
his thanks to UGC, New Delhi for providing Dr. D. S. Kothari Post Doctoral
Fellowship (DSKPDF).

References

1. Khan S, Cao Q, Zheng YM, Huang YZ, Zhu YG (2008) Health risks of heavy
metals in contaminated soils and food crops irrigated with wastewater in
Beijing, China. Environ Pollut 152: 686-692.

2. Zhang MK, Liu ZY, Wang H (2010) Use of single extraction methods to predict
bioavailability of heavy metals in polluted soils to rice. Commun Soil Sci
Plan 41: 820-831.

3. Kabata-Pendias A (2010) Trace elements in soils and plants. CRC press.

4. Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ (2012) Heavy metal toxicity
and the environment. EXS 101: 133-164.

5. Hall JL, Wiliams LE (2003) Transition metal transporters in plants. J Exp
Bot 54: 2601-2613.

6. Puig S, Pefarrubia L (2009) Placing metal micronutrients in context: transport
and distribution in plants. Curr Opin Plant Biol 12: 299-306.

7. Wang S, Shi X (2001) Molecular mechanisms of metal toxicity and
carcinogenesis. Mol Cell Biochem 222: 3-9.

8. Singh S, Srivastava PK, Kumar D, Tripathi DK, Chauhan DK, et al. (2015)
Morpho-anatomical and biochemical adapting strategies of maize (Zea mays
L.) seedlings against lead and chromium stresses. Biocatal Agric Biotechnol 4:
286-295.

9. Tripathi DK, Singh VP, Kumar D, Chauhan DK (2012) Impact of exogenous
silicon addition on chromium uptake, growth, mineral elements, oxidative
stress, antioxidant capacity, and leaf and root structures in rice seedlings
exposed to hexavalent chromium. Acta Physiol Plant 34: 279-289.

10. Pilon M, Cohu CM, Ravet K, Abdel-Ghany SE, Gaymard F (2009) Essential
transition metal homeostasis in plants. Curr Opin Plant Biol 12: 347-357.

11. Xu J, Yin H, Li X (2009) Protective effects of proline against cadmium toxicity
in micropropagated hyper accumulator, Solanum nigrum L. Plant Cell Rep 28:
325-333.

12.Nazar R, Igbal N, Masood A, Khan MIR, Syeed S, et al. (2012) Cadmium
toxicity in plants and role of mineral nutrients in its alleviation. Am J Plant Sci
3: 1476-1489.

13. Gajewska E, Drobik D, Wielanek M, Sekulska-Nalewajko J, Goctawski J, et al.
(2013). Alleviation of nickel toxicity in wheat ( Triticum aestivum L.) seedlings by
selenium supplementation. Biol Lett 50: 65-78.

Biochem Pharmacol (Los Angel), an open access journal
ISSN:2167-0501

Volume 5 -« Issue 5 » 1000220


http://dx.doi.org/10.1016/j.envpol.2007.06.056
http://dx.doi.org/10.1016/j.envpol.2007.06.056
http://dx.doi.org/10.1016/j.envpol.2007.06.056
http://dx.doi.org/10.1080/00103621003592341
http://dx.doi.org/10.1080/00103621003592341
http://dx.doi.org/10.1080/00103621003592341
https://www.crcpress.com/Trace-Elements-in-Soils-and-Plants-Fourth-Edition/Kabata-Pendias/p/book/9781420093681
http://dx.doi.org/10.1007%2F978-3-7643-8340-4_6
http://dx.doi.org/10.1007%2F978-3-7643-8340-4_6
http://dx.doi.org/10.1093/jxb/erg303
http://dx.doi.org/10.1093/jxb/erg303
http://dx.doi.org/10.1016/j.pbi.2009.04.008
http://dx.doi.org/10.1016/j.pbi.2009.04.008
http://dx.doi.org/10.1007/978-1-4615-0793-2_1
http://dx.doi.org/10.1007/978-1-4615-0793-2_1
http://dx.doi.org/10.1016/j.bcab.2015.03.004
http://dx.doi.org/10.1016/j.bcab.2015.03.004
http://dx.doi.org/10.1016/j.bcab.2015.03.004
http://dx.doi.org/10.1016/j.bcab.2015.03.004
http://dx.doi.org/10.1007/s11738-011-0826-5
http://dx.doi.org/10.1007/s11738-011-0826-5
http://dx.doi.org/10.1007/s11738-011-0826-5
http://dx.doi.org/10.1007/s11738-011-0826-5
http://dx.doi.org/10.1016/j.pbi.2009.04.011
http://dx.doi.org/10.1016/j.pbi.2009.04.011
http://dx.doi.org/10.1007/s00299-008-0643-5
http://dx.doi.org/10.1007/s00299-008-0643-5
http://dx.doi.org/10.1007/s00299-008-0643-5
http://dx.doi.org/10.4236/ajps.2012.310178
http://dx.doi.org/10.4236/ajps.2012.310178
http://dx.doi.org/10.4236/ajps.2012.310178
http://dx.doi.org/10.2478/biolet-2013-0008
http://dx.doi.org/10.2478/biolet-2013-0008
http://dx.doi.org/10.2478/biolet-2013-0008

Citation: Yadav V, Arif N, Singh S, Srivastava PK, Sharma S, et al. (2016) Exogenous Mineral Regulation Under Heavy Metal Stress: Advances and
Prospects. Biochem Pharmacol (Los Angel) 5: 220. doi: 10.4172/2167-0501.1000220

Page 4 of 4

14. Malik JA, Goel S, Kaur N, Sharma S, Singh |, Nayyar H (2012) Selenium

antagonises the toxic effects of arsenic on mungbean (Phaseolus aureus
Roxb.) plants by restricting its uptake and enhancing the antioxidative and
detoxification mechanisms. Environ Exp Bot 77: 242-248.

15. Sobolev D, Begonia M (2008) Effects of heavy metal contamination upon

soil microbes: lead-induced changes in general and denitrifying microbial
communities as evidenced by molecular markers. Int J Env Res Pub Heal 5:
450-456.

16. Srivastava M, Ma LQ, Rathinasabapathi B, Srivastava P (2009) Effects

of selenium on arsenic uptake in arsenic hyperaccumulator Pteris vittata
L. Bioresource Technol 100: 1115-1121.

17.Wang X, Tam NFY, Fu S, Ametkhan A, Ouyang Y, et al. (2014) Selenium

addition alters mercury uptake, bioavailability in the rhizosphere and root
anatomy of rice (Oryza sativa). Ann Bot 114: 271-278.

18.Cheng H, Chen DT, Tam NFY, Chen GZ, Li SY, et al. (2012) Interactions

among Fe2+, S2—, and Zn2+ tolerance, root anatomy, and radial oxygen loss in
mangrove plants. J Exp Bot 63: 2619-2630.

19. Vaculik M, Landberg T, Greger M, Luxova M, Stolarikova M, et al. (2012) Silicon

modifies root anatomy, and uptake and subcellular distribution of cadmium in
young maize plants. Ann Bot 1102: 433-443.

20. Srivastava S, D’'souza SF (2010) Effect of variable sulfur supply on arsenic

2

=

tolerance and antioxidant responses in Hydrilla verticillata (Lf) Royle. Ecotox
Environ Saf 73: 1314-1322.

.LiP, Song A, Li Z, Fan F, Liang Y (2012) Silicon ameliorates manganese toxicity
by regulating manganese transport and antioxidant reactions in rice (Oryza
sativa L.). Plant and Soil 354: 407-419.

22. Shi Q, Bao Z, Zhu Z, He Y, Qian Q, Yu J (2005) Silicon-mediated alleviation of

Mn toxicity in Cucumis sativus in relation to activities of superoxide dismutase
and ascorbate peroxidase. Phytochemistry 66: 1551-1559.

23. Stoyanova Z, Zozikova E, Poschenrieder C, Barcelo J, Doncheva S (2008) The

effect of silicon on the symptoms of manganese toxicity in maize plants. Acta
Biol Hung 59: 479-487.

24. Anayat M, Agnihotri RK, Vamil R, Sharma R (2014) Growth performance of

2

(2]

Foeniculum vulgare L. under cadmium and mercury induced heavy metal
stress. Int J Agri Crop Sci 7: 42.

. Pankovi¢ D, Plesnic¢ar M, Arsenijevié-Maksimovic¢ |, Petrovi¢ N, Sakac Z, et al.
(2000) Effects of nitrogen nutrition on photosynthesis in Cd-treated sunflower
plants. Ann Bot 86: 841-847.

26. Gaafar ARZ, Ghdan AA, Siddiqui MH, Al-Whaibi MH, Basalah MO, Ali HM,

Sakran AM (2012) Influence of sulfur on cadmium (Cd) stress tolerance in
Triticum aestivum L. Afr J Biotechnol 11: 10108-10114.

27.

28.

29.

30.

3

=

32.

33.

34.

35.

36.

37.

3

[ee]

39.

4

o

Aidid SB, Okamoto H (1993) Responses of elongation growth rate, turgor
pressure and cell wall extensibility of stem cells of Impatiens balsamina to lead,
cadmium and zinc. Biometals 6: 245-249.

Keller C, Rizwan M, Davidian JC, Pokrovsky OS, Bovet N, et al. (2015) Effect
of silicon on wheat seedlings (Triticum turgidum L.) grown in hydroponics and
exposed to 0 to 30 uM Cu. Planta 241: 847-860.

Adrees M, Ali S, Rizwan M, Zia-ur-Rehman M, lbrahim M, et al. (2015)
Mechanisms of silicon-mediated alleviation of heavy metal toxicity in plants: a
review. Ecotox Environ Saf 119: 186-197.

Tian S, Lu L, Zhang J, Wang K, Brown P, et al. (2011) Calcium protects roots of
Sedum alfredii H. against cadmium-induced oxidative stress. Chemosphere 84:
63-69.

. Srivastava RK, Pandey P, Rajpoot R, Rani A, GautamA, et al. (2015) Exogenous

application of calcium and silica alleviates cadmium toxicity by suppressing
oxidative damage in rice seedlings. Protoplasma 252: 959-975.

Hossain MT, Mori R, Soga K, Wakabayashi K, Kamisaka S, et al. (2002) Growth
promotion and an increase in cell wall extensibility by silicon in rice and some
other Poaceae seedlings. J Plant Res 115: 0023-0027.

Cao F, Wang N, Zhang M, Dai H, Dawood M, et al. (2013) Comparative study
of alleviating effects of GSH, Se and Zn under combined contamination of
cadmium and chromium in rice (Oryza sativa). Biometals 26: 297-308.

Gunes A, Pilbeam DJ, Inal A (2009) Effect of arsenic-phosphorus interaction on
arsenic-induced oxidative stress in chickpea plants. Plant and Soil 314: 211-220.

Meharg AA, Macnair MR (1994) Relationship between plant phosphorus status
and the kinetics of arsenate influx in clones of Deschampsia cespitosa (L.)
beauv. that differ in their tolerance to arsenate. Plant and Soil 162: 99-106.

Wang CQ, Song H (2009) Calcium protects Trifolium repens L. seedlings
against cadmium stress. Plant cell rep 28: 1341-1349.

Ahmad P, Sarwat M, Bhat NA, Wani MR, Kazi AG, et al. (2015) Alleviation of
cadmium toxicity in Brassica juncea L.(Czern. & Coss.) by calcium application
involves various physiological and biochemical strategies. PloS ONE 10:
e0114571.

. Zornoza P, Sanchez-Pardo B, Carpena RO (2010) Interaction and accumulation

of manganese and cadmium in the manganese accumulator Lupinus albus. J
Plant Physiol 167: 1027-1032.

Peng K, Luo C, You W, Lian C, Li X, et al. (2008) Manganese uptake and
interactions with cadmium in the hyper accumulator- Phytolacca americana L. J
Hazard Mater 154: 674-681.

.Nazar R, Igbal N, Masood A, Khan MIR, Syeed S, et al. (2012) Cadmium

toxicity in plants and role of mineral nutrients in its alleviation. Am J Plant Sci
3: 1476-1489.

Biochem Pharmacol (Los Angel), an open access journal
ISSN:2167-0501

Volume 5 -« Issue 5 » 1000220


http://dx.doi.org/10.1016/j.envexpbot.2011.12.001
http://dx.doi.org/10.1016/j.envexpbot.2011.12.001
http://dx.doi.org/10.1016/j.envexpbot.2011.12.001
http://dx.doi.org/10.1016/j.envexpbot.2011.12.001
http://dx.doi.org/10.3390/ijerph5050450
http://dx.doi.org/10.3390/ijerph5050450
http://dx.doi.org/10.3390/ijerph5050450
http://dx.doi.org/10.3390/ijerph5050450
http://dx.doi.org/10.1016/j.biortech.2008.08.026
http://dx.doi.org/10.1016/j.biortech.2008.08.026
http://dx.doi.org/10.1016/j.biortech.2008.08.026
http://dx.doi.org/10.1093/aob/mcu117
http://dx.doi.org/10.1093/aob/mcu117
http://dx.doi.org/10.1093/aob/mcu117
http://dx.doi.org/10.1093/jxb/err440
http://dx.doi.org/10.1093/jxb/err440
http://dx.doi.org/10.1093/jxb/err440
http://dx.doi.org/10.1093/aob/mcs039
http://dx.doi.org/10.1093/aob/mcs039
http://dx.doi.org/10.1093/aob/mcs039
http://dx.doi.org/10.1016/j.ecoenv.2009.12.023
http://dx.doi.org/10.1016/j.ecoenv.2009.12.023
http://dx.doi.org/10.1016/j.ecoenv.2009.12.023
http://dx.doi.org/10.1007/s11104-011-1076-4
http://dx.doi.org/10.1007/s11104-011-1076-4
http://dx.doi.org/10.1007/s11104-011-1076-4
http://dx.doi.org/10.1016/j.phytochem.2005.05.006
http://dx.doi.org/10.1016/j.phytochem.2005.05.006
http://dx.doi.org/10.1016/j.phytochem.2005.05.006
http://dx.doi.org/10.1556/abiol.59.2008.4.8
http://dx.doi.org/10.1556/abiol.59.2008.4.8
http://dx.doi.org/10.1556/abiol.59.2008.4.8
http://dx.doi.org/10.1006/anbo.2000.1250
http://dx.doi.org/10.1006/anbo.2000.1250
http://dx.doi.org/10.1006/anbo.2000.1250
http://dx.doi.org/10.5897/ajb11.4206
http://dx.doi.org/10.5897/ajb11.4206
http://dx.doi.org/10.5897/ajb11.4206
http://dx.doi.org/10.1007/bf00187763
http://dx.doi.org/10.1007/bf00187763
http://dx.doi.org/10.1007/bf00187763
http://dx.doi.org/10.1007/s00425-014-2220-1
http://dx.doi.org/10.1007/s00425-014-2220-1
http://dx.doi.org/10.1007/s00425-014-2220-1
http://dx.doi.org/10.1016/j.ecoenv.2015.05.011
http://dx.doi.org/10.1016/j.ecoenv.2015.05.011
http://dx.doi.org/10.1016/j.ecoenv.2015.05.011
http://dx.doi.org/10.1016/j.chemosphere.2011.02.054
http://dx.doi.org/10.1016/j.chemosphere.2011.02.054
http://dx.doi.org/10.1016/j.chemosphere.2011.02.054
http://dx.doi.org/10.1007/s00709-014-0731-z
http://dx.doi.org/10.1007/s00709-014-0731-z
http://dx.doi.org/10.1007/s00709-014-0731-z
http://dx.doi.org/10.1007/s102650200004
http://dx.doi.org/10.1007/s102650200004
http://dx.doi.org/10.1007/s102650200004
http://dx.doi.org/10.1007/s10534-013-9611-9
http://dx.doi.org/10.1007/s10534-013-9611-9
http://dx.doi.org/10.1007/s10534-013-9611-9
http://dx.doi.org/10.1007/s11104-008-9719-9
http://dx.doi.org/10.1007/s11104-008-9719-9
http://dx.doi.org/10.1007/bf01416094
http://dx.doi.org/10.1007/bf01416094
http://dx.doi.org/10.1007/bf01416094
http://dx.doi.org/10.1007/s00299-009-0734-y
http://dx.doi.org/10.1007/s00299-009-0734-y
http://dx.doi.org/10.1371/journal.pone.0114571
http://dx.doi.org/10.1371/journal.pone.0114571
http://dx.doi.org/10.1371/journal.pone.0114571
http://dx.doi.org/10.1371/journal.pone.0114571
file:///D:/Journals/Sathish.V/JER/JERVolume.6/JERVolume6.5/JER6.5_AI/Interaction and accumulation of manganese and cadmium in the manganese accumulator Lupinus albus
file:///D:/Journals/Sathish.V/JER/JERVolume.6/JERVolume6.5/JER6.5_AI/Interaction and accumulation of manganese and cadmium in the manganese accumulator Lupinus albus
file:///D:/Journals/Sathish.V/JER/JERVolume.6/JERVolume6.5/JER6.5_AI/Interaction and accumulation of manganese and cadmium in the manganese accumulator Lupinus albus
http://dx.doi.org/10.1016/j.jhazmat.2007.10.080
http://dx.doi.org/10.1016/j.jhazmat.2007.10.080
http://dx.doi.org/10.1016/j.jhazmat.2007.10.080
http://dx.doi.org/10.4236/ajps.2012.310178
http://dx.doi.org/10.4236/ajps.2012.310178
http://dx.doi.org/10.4236/ajps.2012.310178

	Title
	Corresponding author
	Abstract
	Keywords
	Toxicity of heavy metals in plants and role of mineral nutrients in its alleviation  
	Conclusion and future prospects 
	Conflict of Interest 
	Acknowledgments
	Figure 1 
	References

