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Abstract: The aim of the present study was to examine the accumulation potential of Indian
mustard (Brassica juncea var. arawali) and fenugreek (Trigonella foenum-graecum) plants in lead
and nickel contaminated soil. Plants were exposed to higher concentrations of Pb and Ni (800 mg
l-1). EDTA and SA were amended at 2.4 mM concentrations. Plants were harvested and ovendried. The accumulation of Pb and Ni in plants was determined and their effects on plant growth
were evaluated for both species. Seed germination rate of T. foenum-graecum plants was higher as
compared to B. juncea arawali plants. In conclusion, the accumulation capacity of fenugreek was
found more than Indian mustard in Pb and Ni contaminated soil.
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INTRODUCTION
The contamination of soil by toxic heavy metals is a global environmental problem. These heavy metals can
go into soil by natural sources and anthropogenic sources (Ali et al. 2013). Anthropogenic sources of heavy
metal from agriculture, mining, smelting, electroplating, and other industrial activities have resulted in the
deposition of undesirable concentration of metal such as As, Cd, Cr, Cu, Ni, Pb and Zn in soil (Ensley 2000). A
number of techniques such as soil excavation, extraction, immobilization and phytoremediation have been used
to remove the toxic metals from soil. All these methods have advantages and limitations. Phytoremediation
process has been extensively used to remove heavy metals from contaminated soil using plants. Phytoextraction
is one of the types of phytoremediation where contaminated soil is treated by using high biomass containing
crops and natural hyperaccumulating plants. Metal hyperaccumulators are generally slow growing plant species
having low biomass and metal specific too. To enhance the uptake and accumulation of metals in above-ground
parts of plant, chelating agents were introduced. Ethlenediaminetetraacetic acid (EDTA) helps in enhancement
of metal solubility and translocation from roots to shoots. EDTA-assisted phytoextraction has been done by
many studies (Saifullah et al. 2009, Barrutia et al. 2010, Zaier et al. 2010, Lee & Sung 2014). EDTA has
drawback of its persistence in environment due to which another chelating agents have been used such as the
use of organic acids or more degradable aminopolycarboxylic acids. Salicylic acid (SA) has also been used as
chelating agents for phytoextraction of heavy metals (Meng et al. 2009, Duman et al. 2010, Khan et al. 2015,
Elhassan et al. 2016).
Recent phytoextraction research is focused on identification of metal hyperaccumulator plants and selection
of suitable chelants for heavy metal binding (Anwar et al. 2016). The known metal hyper accumulators are
species of Thalspi, Brassica and Alyssum (Sarma 2011). Many studies have been done to determine heavy
metals phytoextraction potential of plants by investigating bioconcentration factor and translocation factor
(Yang et al. 2016, Zhou et al. 2016, Hosman et al. 2017, Lee et al. 2017, Tabasi et al. 2018, Tawatchai et al.
2018).
Lead and nickel metals were chosen for the present study as their concentrations are increasing in soil due to
industrial development and both are considered carcinogenic (Beyersmann & Hartwig 2008). Lead is one of the
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toxic heavy metal which is harmful to human health. Its retention time in soil is about 150 to 5000 years (Shaw
1990). While, Ni is an essential element but its excess concentration have detrimental effects.
Indian mustard and Fenugreek were taken for the present work as both are food crops and their growth is
affected by heavy metal contaminated soil. However, Indian mustard is a known metal hyperaccumulator
(Mourato et al. 2015) and fenugreek have been explored slightly for remediation potential.
The objective of this study was to evaluate the performance of two plants Indian mustard (Brassica juncea
var. arawali) and fenugreek (Trigonella foenum-graecum L.) in phytoremediation of lead and nickel with and
without chelants (EDTA and SA). The present work will further help in investigating a comparison of
phytoremediation capacity of both plants.
MATERIALS AND METHODS
Experimental site
A pot experiment was carried out under field conditions to examine the accumulation potential of Indian
mustard and fenugreek in lead and nickel contaminated soil. Experiments were done at the Micromodel
experimental site of the Indian Institute of Technology, Delhi. It is located at 77.09º E longitude and 20.45º N
latitude, and 28 m altitude above sea level. The mean maximum and minimum temperature during the study
period were 18–43 ºC and 3–15 ºC, respectively. Different physical and chemical soil characteristics are
summarised in table 1.
Table 1. Various soil characteristics.

Parameter
Texture
Clay
Silt
Sandy
Electrical Conductivity
pH
Cation Exchange Capacity
Organic Carbon
Available N
Available P
Available K
Total Pb
Total Ni

Unit
%
%
%
mS cm-1
Cmol kg-1
%
kg ha-1
kg ha-1
kg ha-1
mg kg-1
mg kg-1

Value
Sandy loam
16.30
14.23
69.47
0.28
7.5
18.4
0.72
272
9.0
200.7
0.02
4.0

Pot experiment
The seeds of Brassica juncea var. arawali and Trigonella foenum-graecum L. were obtained from the
National seeds Corporation Ltd., Beej Bhawan, Pusa, New Delhi. About 20 seeds were sown in 11×11 cm pots
containing unsterilized field soil, farm yard manure (organic carbon 12.2 %, total N 0.55 %, total P 0.75 %, total
K 2.30 % and pH 7.2) and sand in a 2:2:1 ratio in October 2008. In chemical treatment, Pb, Ni, EDTA and SA
were added as per the designed treatment. The designed treatment for mustard and fenugreek plants was as
follows: (T1) Pb, (T2) Ni, (T3) Pb + Ni, (T4) Pb + Ni + 2.4 mM EDTA, (T5) Pb + Ni + 2.4 mM SA, and (T0)
Control or untreated plants. The concentrations of lead and nickel (supplied as Pb(NO3)2 and Ni(NO3)2) were
800 mg l-1 in all treatments. Dipotassium salt of EDTA was supplied in the treatment. Plants were watered daily
using tap water to maintain optimal growth conditions. Tap water was analysed for lead and nickel
concentration which were found negligible. Seed germination started after the seventh day of sowing and plants
were thinned to 3 plants per pot after 30 days of sowing. Samples of plants were taken one day before and after
chelant treatment and monthly after the treatment. At the end of the experiment the plants were harvested and
then washed accurately, the aerial part was divided from the roots and the two parts were analysed separately to
determine the metal content.
Soil and plant analysis
The organic C, N, P and K were estimated by the methods of Walkley and Black, Micro-kjeldahl, Olsen and
Flame photometer, respectively, in soil and farm yard manure as descried by Rowell (1994). Cation exchange
capacity was carried out using the BaCl2 method (Hendershot & Duquette 1986). Metals concentration in soil
was determined using the aqua regia extraction method (ISO 12914 2012). Plant samples were washed with tap
water and dried at 70ºC for 48 hours. The dried material was digested with aqua regia. All determinations were
performed in triplicate. Metal concentrations in solutions were analysed by ICP-OES (Varian Vista-MPX CCD
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Simultaneous ICP-OES, Varian Australia Pty. Ltd) with a Ni detection limit of 0.007 mg l-1 and a Pb detection
limit of 0.01 mg l-1.
Translocation factor
Translocation factor (TF) was calculated to evaluate the potential of B. juncea var. arawali and T. foenumgraecum L. for phytoextraction. This ratio is an indication of the ability of the plant to translocate metals from
the roots to the aerial parts of the plant (Marchiol et al. 2004). It is represented by the ratio:

Bioaccumulation Factor (BAF)
Bioaccumulation Factor can be employed to quantify toxic element accumulation efficiency in plants by
comparing the concentration in plant and soil (Baker 1981, Ma et al. 2001).

Statistical analysis
The experiment was conducted as a factorial randomized block design with each treatment replicated thrice.
Statistical analysis of the data was done following analysis of variance (ANOVA); when the ANOVA was
significant the means were separated using least significant difference at P≤ 0.05 level of significance.
RESULTS AND DISCUSSION
Plant growth
Effect of treatments on seed germination and dry weight of plants is represented in table 2. Application of
SA with heavy metal (Pb2+ and Ni2+) treatment helped in reducing the inhibitory effects of these metals on seed
germination along with increased dry weight. Our results are supported by Mishra & Choudhuri (1997) and
Elhassan et al. (2016). Elhassan et al. (2016) also found that salicylic acid enhanced lead uptake as well as all
growth parameters of maize (Zea mays L.).
Table 2. Effect of treatments on seed germination and dry weight in Brassica juncea var. arawali and Trigonella
foenum-graecum L.

Treatment
T0
T1
T2
T3
T4
T5

Seed germination (%)
B. juncea var.
T. foenum-graecum
arawali
100±0.8
100±0.5
80±1.3
100±0.6
85±1.8
95±1.4
65±2.2
90±1.9
75±1.5
85±1.2
90±2.8
95±1.6

Dry weight (g)
B. juncea var.
arawali
6.2±0.70
3.42±0.28
2.28±0.30
1.3±0.06
1.5±0.42
2.2±0.60

T. foenum-graecum
3.8±0.31
2.7±0.16
1.7±0.48
1.2±0.19
1.4±0.09
2.3±0.25

Note: Values represents mean ± SD (n=3).

Rate of seed germination was higher in fenugreek plants as compared to mustard plants in all treatments. A
potential decrease in total plant dry weight was observed in plants treated with combined Pb + Ni. Dry weight
was higher in SA treated plants as compared to Pb + Ni treatment (T3). Alyemeni et al. (2014) also found a
significant increase of dry mass of Cicer arietinum plants with the application of 10-5 M salicylic acid.
Metal concentrations in plant roots and shoots
Accumulation of Pb and Ni in root and shoot part of mustard and fenugreek plants are shown in table 3 and
4. Lead bioaccumulation in roots and shoots of plants was significantly different. Pb and Ni concentration in
root organs of the plants was higher than that in shoot organs in all treatments. Pb concentration increased in
both organs of the plant with EDTA treatment, but it decreased with SA treatment (except in the shoot part of
fenugreek). Applying EDTA increased Pb concentration in roots of mustard plants significantly (P < 0.05) from
370 mg kg-1 in T3 up to 1010 mg kg-1 in the case of application of EDTA soil at T4. Zaier et al. (2010) found
that EDTA addition increases the ability of Brassica napus to accumulate heavy metals (Zn, Mn and Pb) from
sludge-amended soil. Lee & Sung (2014) also investigated the effect of EDTA on phytoremediation of soils
contaminated with Cd, Cu, Pb, Zn, and Ni by Brassica juncea and found that EDTA was most effective for
heavy metal uptake, but had significant effects on plant biomass. Our findings are corroborated with Gill et al.
(2015) and Kanwar et al. (2015) who studied Cr stress on Brassica species and suggested that inhibited growth
of these plants is directly interrelated with its accumulation.
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Table 3. Accumulation of Pb and Ni in shoots and roots of Brassica juncea var. arawali.

Shoot concentration (mg kg-1 DW)
Pb
Ni
43±12
79±11
280±201
65±15
36±9
91±36
370±176
217±134
1010±425
52±27
517±228
69±28

Treatment
T0
T1
T2
T3
T4
T5

Root concentration (mg kg-1 DW)
Pb
Ni
96±16
123±41
502±182
119±33
83±15
187±121
525±246
303±202
16395±989
2876±541
3828±782
610±348

Note: Values represents mean ± SD (n=3).
Table 4. Accumulation of Pb and Ni in shoots and roots of Trigonella foenum-graecum L.

Shoot concentration (mg kg-1 DW)
Pb
Ni
23±8
47±11
429±218
58±13
31±12
216±135
17624±985
5322±576
401±252
170±112
512±214
230±98

Treatment
T0
T1
T2
T3
T4
T5

Root concentration (mg kg-1 DW)
Pb
Ni
68±22
124±25
684±250
106±20
53±17
634±241
43140±969
15291±586
2888±755
1187±481
1653±682
871±364

Note: Values represents mean ± SD (n=3).

Bioaccumulation factor

Bioaccumulation factor and Translocation factor
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Figure 1. Bioaccumulation factor of Brassica juncea var. arawali treated with lead and nickel.
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Figure 2. Bioaccumulation factor of Trigonella foenum-graecum L. treated with lead and nickel.

Figure 1 and 2 represents the bioaccumulation factor of B. juncea var. arawali and T. foenum-graecum
treated with lead and nickel respectively. Bioaccumulation factor is the measure of the capability of plants to
transport the metals to its aerial organs from the medium. Bioaccumulation factor mainly depends on
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environmental efficacy, metals particularity, species-specific characteristics and disposal route. If the value of
bioaccumulation factor is greater than 1.0, it indicates that plants are able to extract metals and these plants can
be selected for phytoremediation of the contaminated soil (Zhao et al. 2003, Luoma & Rainbow 2005, Kamari et
al. 2012). Bioaccumulation of Pb and Ni were highest in fenugreek plants treated with T3 (22.03±1.23 and
6.65±0.72 respectively). The results show that Pb and Ni bioaccumulation by T. foenum-graecum was greater
than B. juncea var. arawali.

Figure 3. Translocation factor of Brassica juncea var. arawali treated with lead and nickel.

Figure 4. Translocation factor of Trigonella foenum-graecum L. treated with lead and nickel.

Translocation factor (TF) is an effective measure for determining the metal phytoextraction from soils
(Kamari et al. 2012). There are three categories of plants based on their translocation factor namely accumulator
(TF>1), excluder (TF<<1), and indicator (TF near 1) (Baker 1981, Ghosh & Singh 2005). Translocation factor
of B. juncea var. arawali and T. foenum-graecum treated with lead and nickel are shown in figure 3 and 4
respectively. Our result revealed less than 1 value of translocation factor which signifies that Pb and Ni could
not be effectively translocated from the roots to the shoots. Overall, fenugreek showed better Pb-translocation as
compared to mustard. On the contrary, mustard was superior in Ni-translocation as compared to fenugreek.
However, translocation factor was less than 1.0 for both plant species. This study revealed that both the plant
species have high accumulation of Pb and Ni in roots and low translocation in shoots, nevertheless they could be
used for phytoremediation of Pb and Ni contaminated soils.
CONCLUSION
Brassica juncea var. arawali and Trigonella foenum-graecum L. showed reduced seed germination and plant
growth under Pb and Ni contaminated soil. Furthermore, both plant species were able to accumulate Pb and Ni
in root and shoot parts. However, B. juncea var. arawali and T. foenum-graecum may be used as an alternative
for phytoremediation of Pb and Ni contaminated soils.
www.tropicalplantresearch.com

221

Kaur 2018

REFERENCES
Ali H, Khan E & Sajad MA (2013) Phytoremediation of heavy metals-Concepts and applications. Chemosphere
91: 869–881.
Alyemeni MN, Hayat Q, Wijaya L & Hayat S (2014) Effect of salicylic acid on the growth, photosynthetic
efficiency and enzyme activities of leguminous plant under cadmium stress. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca 42: 440–445.
Anwar S, Khan S, Ashraf MY, Noman A, Zafar S, Liu L, Ullah S & Fahad S (2016) Impact of chelator-induced
phytoextraction of cadmium on yield and ionic uptake of maize. International Journal of Phytoremediation
19: 505–513.
Baker AJM (1981) Accumulators and excluders-Strategies in the response of plants to heavy metals. Journal of
Plant Nutrition 3: 643–654.
Barrutia O, Garbisu C, Hernández-Allica J, García-Plazaola JI & Becerril JM (2010) Differences in EDTAassisted metal phytoextraction between metallicolous and non-metallicolous accessions of Rumex acetosa L.
Environmental Pollution 158: 1710–1715.
Beyersmann D & Hartwig A (2008) Carcinogenic metal compounds: Recent insight into molecular and cellular
mechanisms. Archives of Toxicology 82: 493–512.
Duman F, Aksoy A, Ozturk F & Ceylan A (2010) Exogenous salicylate application affects the lead and copper
accumulation characteristics of Lemna gibba L. Zeitschrift für Naturforschung C 65: 675–680.
Elhassan HE, Elkheir EMS, Diab EEE & Osman GAM (2016) Salicylic acid enhanced phytoremediation of lead
by maize (Zea mays) plant. International Journal of Engineering and Research Science 2: 4–10.
Ensley BD (2000) Rationale for use of phytoremediation. In: Raskin I & Ensley BD (eds) Phytoremediation of
Toxic Metals: Using Plants to clean up the Environment. John Wiley and Sons, New York, pp. 3–11.
Ghosh M & Singh SP (2005) A review on phytoremediation of heavy metals and utilization of it's by products.
Applied Ecology and Environmental Research 3: 1–18.
Gill RA, Zang L, Ali B, Farooq MA, Cui P, Yang S, Ali S & Zhou W (2015) Chromium-induced physiochemical and ultrastructural changes in four cultivars of Brassica napus L. Chemosphere 120: 154–164.
Hendershot WH & Duquette M (1986) A simple barium chloride method for determining cation exchange
capacity and exchangeable cations. Soil Science Society of America Journal 50: 605–608.
Hosman ME, El-Feky SS, Elshahawy MI & Shaker EM (2017) Mechanism of Phytoremediation Potential of
Flax (Linum usitatissimum L.) to Pb, Cd and Zn. Asian Journal of Plant Science and Research 7: 30–40.
ISO 12914 (2012) Soil Quality - Microwave-assisted extraction of the aqua regia soluble fraction for the
determination of elements. International Organization for Standardization, Geneva, Switzerland.
Kamari A, Pulford ID & Hargreaves JSJ (2012) Metal accumulation in Lolium perenne and Brassica napus as
affected by application of chitosans. International Journal of Phytoremediation 14: 894–907.
Kanwar MK, Poonam, Pal S & Bhardwaj R (2015) Involvement of Asada-Halliwell pathway during
phytoremediation of chromium (VI) in Brassica juncea L. plants.
International Journal of
Phytoremediation 17: 1237–1243.
Khan MIR, Fatma M, Per TS, Anjum NA & Khan NA (2015) Salicylic acid-induced abiotic stress tolerance and
underlying mechanisms in plants. Frontiers of Plant Science 6: 1–17.
Lee CS, Nzioka AM, Kim YJ & Sakong J (2017) Evaluation of bioconcentration factors of metals and nonmetals in crops and soil from abandoned mines in Korea. Contemporary Problems of Ecology 10: 583–590.
Lee J & Sung K (2014) Effects of chelates on soil microbial properties, plant growth and heavy metal
accumulation in plants. Ecological Engineering 73: 386–394.
Luoma SN & Rainbow PS (2005) Why is metal bioaccumulation so variable? Biodynamics as a unifying
concept. Journal of Environmental Science and Technology 39: 1921–193.
Ma LQ, Komar KM, Tu C, Zhang W, Cai Y & Kenelly ED (2001) A Fern that hyper-accumulates arsenic.
Nature 409: 579–582.
Marchiol L, Assolari S, Sacco P & Zerbi G (2004) Phytoextraction of heavy metals by canola (Brassica napus)
and radish (Raphanus sativus) grown on multi contaminated soil. Environmental Pollution 132: 21–27.
Meng H, Hua S, Shamsi I, Jilani G, Li Y & Jiang L (2009) Cadmium induced stress on the seed germination and
seedling growth of Brassica napus L. and its alleviation through exogenous plant growth regulators. Plant
Growth Regulation 58: 47–59.
Mishra A & Choudhuri MA (1997) Ameliorating effects of salicylic acid on lead and mercury: induced
inhibition of germination and early seedling growth of two rice cultivars. Seed Science and Technology
www.tropicalplantresearch.com

222

Tropical Plant Research (2018) 5(2): 217–223

25: 263–270.
Mourato MP, Moreira IN, Leitão I, Pinto FR, Sales JR & Martins LL (2015) Effect of heavy metals in plants of
the genus Brassica. International Journal of Molecular Sciences 16: 17975–17998.
Rowell DL (1994) Soil Science: Methods and Applications. Longman Scientific and Technical, Harlow, UK, pp.
200–217.
Saifullah, Meers E, Qadir M, de Caritat P, Tack FMG, Du Laing G & Zia MH (2009) EDTA-assisted Pb
phytoextraction. Chemosphere 74: 1279–1291.
Sarma H (2011) Metal hyperaccumulation in plants: A review focusing on phytoremediation technology.
Journal of Environmental Science and Technology 4: 118–138.
Shaw AJ (1990) Heavy metal tolerance in plants: Evolutionary aspects. CRC Press, Boca Raton, Florida, 268 p.
Tabasi S, Hassani H & Azadmehr AR (2018) Field study on Re and heavy metal phytoextraction and
phytomining potentials by native plant species growing at Sarcheshmeh copper mine tailings, SE Iran.
Journal of Mining and Environment 9: 183–194.
Tawatchai T, Arunrat C, Runglawan S, Jatuporn T, Areerat R & Prapaparn S (2018) Heavy metal accumulation
and DNA changes in plants around an electronic waste dumpsite suggested environmental management plan.
Environmental Claims Journal 30: 131–141.
Yang Y, Li Y & Zhang J (2016) Chemical speciation of cadmium and lead and their bioavailability to cole
(Brassica campestris L.) from multi-metals contaminated soil in northwestern China. Chemical Speciation
and Bioavailability 28: 33–41.
Zaier H, Ghnaya T, Rejeb KB, Lakhdar A, Rejeb S & Jemal F (2010) Effects of EDTA on phytoextraction of
heavy metals (Zn, Mn and Pb) from sludge-amended soil with Brassica napus. Bioresource Technology 101:
3978–3983.
Zhao FJ, Wang JR, Barker JHA, Schat H, Bleeker PM & McGrath SP (2003) The role of phytochelatins in
arsenic tolerance in the hyperaccumulator Pteris vittata. New Phytologist 159: 403–410.
Zhou H, Yang W, Zhou X, Liu L, Gu J, Wang W, Zou J, Tian T, Peng P & Liao B (2016) Accumulation of
heavy metals in vegetable species planted in contaminated soils and the health risk assessment. International
Journal of Environmental Research and Public Health 13: 289.

www.tropicalplantresearch.com

223

