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ABSTRACT

The objective of the current study was to examine the effect of FYM and EDTA on Cd remediation by Indian mustard in
contaminated soil. The pot experiment was carried out at Sheila Dhar Institute of Soil Science, Prayagraj, U.P., India
under natural conditions. Plants were grown in pots having soil with different doses of Cd @ 0, 20, 40, and 60 mg kg-!
respectively with FYM @ 0 and 10 t ha'lsoils and EDTA @ 0 and 2.25 mmol kg-1. Plants were also grown in pots with
uncontaminated soils as control treatment (T1). Cd is highly toxic to the plant and above 60 mg kg of applied Cd the
mortality of plant occurs. The Cd concentration increased in Indian mustard with use of EDTA.The highest concentration
of Cd being found in EDTA treatment. The result indicates that the plant height, fresh and dry weight significantly
decreased as level of Cd increased. Result also revealed that the use of FYM in combination with EDTA was found
superior in enhancing phytoremediation potential of Cd by Indian mustard and increased these parameters as compare
to their respective Cd treatment.
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INTRODUCTION

Heavy metals naturally occur at lower concentration in soils. However, heavy metals are considered soil
contaminates due to their widespread occurrence, acute and chronic toxicity. Common heavy metal
contaminants include arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc, which present
numerous health dangers to higher organisms and are also known to decrease plant growth, ground
cover and have a negative impact on soil microflora[24,1]. Heavy metals can be classified into two
categories regarding their need in a biological environment. They may be essential or non-essential
metals, those heavy metals which are indispensable for the proper bio-functioning of life of organisms in
very small quantities are called essential heavy metals. They include Ni, Fe, Zn, Mn, and Cu. And those
heavy metals whose deficiency has not affected on proper bio-functioning of life of organisms include Cr,
Cd, Hg, Pb, and As [10]. The stable performance of the living system is disturbed when the concentrations
of heavy metals increase from a specific acceptable range [20].

Cadmium (Cd) is a non-essential element for plants and humans but is present in many soils in excessive
amounts [5]. When it enters into the food chain, it poses a major threat to the living biota. The control of
Cd accumulation in plants is complicated by the fact that most of the essential nutrient transporters, such
as copper (Cu), manganese (Mn), iron (Fe), and zincs (Zn), also facilitate Cd uptake [9]. Chemical
remediation is a mechanical process used for leaching the contaminated soil by using liquids enriched
with solvents, freshwater, and chelating agents[11,23]. Researchers found that ethylene diamine tetra
acetic acid (EDTA) is an effective chelating agent for soil washing. Recent studies have shown that
biosurfactants, such as sophorolipids, saponin, and rhamnolipids, can efficiently remove Cd from
contaminated soils [13].

Phytoremediation is an economically feasible method that uses plants, which have exceptional metal
accumulating capabilities, to restore contaminated soils [3]. The method is less disruptive to the
environment and more acceptable to surrounding communities [18].

Farm yard manure (FYM) is being used as the major source of organic manure in field’s crops. Limited
availability of this manure is, however, an important constraint on its use as a source of nutrients. FYM
positively controls the crop production and recovers properties of soil and it can be used to decrease
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heavy metal stress in plants. FYM positively influence crop production, improved soil physical, chemical
and biological properties [16].

Indian mustard (Brassica juncea L.) typically a native herb of Indian Continent is commonly found
growing in soil having high metal concentration and is effective in extracting heavy metals such as
cadmium from the soil having high metal as acts as indicator species as it has a higher tolerance for these
metals which gets stored n its cells [15]. Lotfy has tested five different plants for phytoremediation, he
has reported sunflower plants has exhibited the higher remediation potential [12].

Keeping in view the above facts, there is a need to develop a suitable technique for soil remediation by
enhancing the phytoremediation of Cd from contaminated soil.

It has been identified that Indian mustard as a high biomass, rapidly growing plant with an ability to
accumulate heavy metal in its shoots and as a promising plant for phytoremediation. So the present study
has been proposed to know the phytoremediation potential of Indian mustard for heavy metal (Cr, Cd, Pb
and As) contaminated soil [4].

MATERIAL AND METHODS
Experimental site
A pot experiment was carried out in order to find out the phytoremediation potential of Indian mustard
(Brassica juncea L.) for cadmium contaminated soil. The Sheila Dhar Institute Experimental Site is located
at Prayagraj in Northern India at 25° 57'N latitude, 81°50 E longitude and at 120+0.4m altitude.The
average annual temperature range between 22°C and 9°C respectively. Different physical and chemical
characteristics are summarized in table 1.

Tablel. Physico-chemical properties of soil

Parameters Units Value
Texture Sandy loam
Clay (%) 15.25

Silt (%) 13.22
Sand (%) 71.53

pH 7.8+0.2
EC (dSm-1) at 25°C 0.28+0.03
Organic carbon (%) 0.56+0.15
CEC [Cmol(P+)/kg soil | 19.6+0.6
Total nitrogen (%) 0.07+0.02
Total phosphorus | (%) 0.03+0.01

Pot experiment

The aim of present study was to examine the phytoremediation potential of Indian mustard (Brassica
juncea L.) for cadmium in cd-contaminated soils. The healthy and bold seeds of Indian mustard were
collected from local market Chungi (Alopibagh) of Prayagraj. Indian mustard is a perennial herb which is
related to the family Brassicaceae or Cruciferae. Tap root is found in Indian mustard with a depth of 90-
180 cm. The uniform seeds were collected and used for the pot experiment.

For pot experiment 4 mm sieve used and 2 mm sieve is used for analysis of physico -chemical properties.
Some physico- chemical properties are dipicted in Table 1. Firstly, the seeds of Indian mustard were
germinated on the Whatman No. 42 filter paper in petri dishes, after that the seeds were transferred into
earthen pot with untreated soil(control) and treated soil to which cadmium metal as cadmium chloride
(CdCly) was applied with different concentration i.e. 0.20, 40 and 60 mg kg1.Each pot contained 3-5 kg
soil. There were 2-5 seeds grown in each pot with three replicates. After 45 days, the plants were grown
without Cd metal solution. This would be higher accumulation of metals in plants.

Soil and plant analysis

The organic C, N, P and K were estimated by the methods of Walkley and Black, Micro-Kjedahl, Olsen and
Flame photometer, respectively, in soil as described by Rowell (1994). Cation exchange capacity was
carried out using the BaCl, method [8].

The Indian mustard plant completes its life cycle within 1-2 months. When its life cycle is completed then
the plants were harvested and collected separately as shoots and roots. The roots of plant were washed
with normal tap water accurately followed by distilled water. The plant samples dried at 70°C for 48
hours in hot air oven till the plant sample weight become near about 0.5g, the dried weight was recorded.
The dried plant materials were ground and digested with the help 15 ml of tri-acid mixture containing
concentrated HNO3 (16 M, 71%), H2SO4 (18 M, 96 %) and HCIO4 (11 M, 71 %) in (5:1:2). The cadmium
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concentrations in soil and plant samples were determined with Atomic Absorption Spectrophotometer
(Perkin Elmer).

Besides the accumulation concentration, bioconcentration factor (BCF), translocation factor (TF) and
translocation efficiency (TE %) the three most important parameters which are used to evaluate the
accumulating capacity of heavy metals by plants were calculated.

Bioconcentration factor (BCF) was calculated by using following formula given by [26].

BCF=C harvested tissue/ C soil

Where, C harvested tissue= concentration of the target metal in the plant harvested tissues (roots, shoots and
leaves).

And C 4= concentration of the same metal in soil, C soil represents the total Cd applied to the soil.
Translocation factor (TF) was calculated by using the following formula proposed by [17].

TF=C shoots/ C roots

Translocation efficiency (TE %) was calculated as per formula proposed by Meers [14].

TE%= Cd content in the shoots mgkg/ Cd content in the whole plant mgkg* x 100

The % Cd removal was calculated by the following formula,

% Cd removal= Total Cd uptake by plant/ Total Cd applied to the soil X100

Statistical analysis

Statistical analysis was done to determine the significance between the means and draw a valid
conclusion. “Analysis of Variance” method was adopted as the statistical tool for the raw data observed
during the whole experiment. The difference of the treatments means was verified using the critical
difference (CD) at 1% level of probability following the Complete Randomized Design (CRD) to find out a
valid and authentic difference among the treatments [7].

RESULT AND DISCUSSION

The phytoremediation potential of Indian mustard depends on the biomass of shoot, roots and its
accumulation concentration, bioconcentration factor (BCF) translocation factor (TF) and translocation
efficiency (TE %) of the applied cadmium.

Dry matter yield of plants

The dry matter yields of root and shoot of Indian mustard by the addition of FYM and EDTA significantly
decreased. Plant showed a significant decrease when EDTA added more than 2.25 mmolkg-1. The level of
EDTA, dry matter yield of Indian mustard plant is given in Table 2.

The total dry weight of Indian mustard got affected by the contaminated soil. The highest biomass of
Indian mustard plant found in the T3 when Cd=0 mg kg is applied with 2.25 mmol kg1 EDTA and 0 t ha!
FYM. The Indian mustard had high biomass production of root and shoot which increased from T;-T3
(15.47 & 19.87 g/potand 169.31&171.02 g/pot) respectively. After the treatment (3) the dry matter yield
of Indian mustard was decreased from (T4-T12). The lowest biomass was found in T12.

Uptake of Cd by Indian mustard

Cadmium hyper accumulator may be defined as the plant which is capable of accumulating more than 90-
100 mg Cd/kg dry matter in shoots (leaves & stems) dry matter [2]. A plant concentration of more than
90-100 mg Cd/ kg dry matter may be regarded as exceptional, even in Cd contaminated soil [22].

The accumulation of Cd by Indian mustard at different doses has been carried out in pot experiments for
45 days treatment of Cd and 60 days of growing period. It was found that by the increasing the
concentration of Cd in the soils, the accumulation of Cd in plant organ also increased. Once the Cd ions are
absorbd they may be accumulated in the roots and exported to the aerial part by transpiration [21].

The maximum concentration of Cd was found in roots rather than shoots and leaves of Indian mustard. Cd
concentration was found highest i.e. 13.08 and 38.01 mg Cd/kg dry matter in roots and shoots
respectively when Indian mustard plant incorporated with 60 mg kg1 of cadmium. The same result has
been found for Amaranthus tricolor, Brassica chinensis and L. albus [19, 11, 27].

The uptake of Cd by roots of the plant was found greater than shoot uptake of Cd. In all EDTA and FYM
doses Cd concentrations in roots were about 4-6 times higher than in shoots.
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Table2. Biomass (g pot!in dry weight) and Cadmium uptake(mg kg in dry weight) by Brassica

juncea L.

Treatments Dry Weight(g pot-1) Average metal uptake
per pot(mg kg)

Cd=mg kg-L, EDTA= mmol kg1, FYM=t ha'l | Root Shoot Root Shoot
T1(0 Cd+ 0 EDTA) 15.47+0.53 | 169.31+1.01 | 0 0
T(0 Cd+ 2.25 EDTA) 17.21+1.12 | 170.66%x1.44 | 0.60+0.02 0.10£0.03
T3(0 Cd+ 2.25 EDTA+ 0 FYM) 19.87+0.97 | 171.02+0.99 | 0.82+0.01 0.17+£0.04
T4(20 Cd+ 0 EDTA) 11.21+1.79 | 165.34+0.46 | 11.35+0.20 | 3.19+0.04
Ts(20 Cd+ 2.25 EDTA) 12.45+0.87 | 166.37+1.23 | 13.62+0.26 | 5.38+0.43
Te(20 Cd+ 2.25 EDTA+ 10 FYM) 13.34+1.21 | 168.03+1.02 | 15.38+1.23 | 7.12+1.06
T7(40 Cd + 0 EDTA) 10.34+1.21 | 162.00+1.00 | 21.27+1.16 | 6.67+1.65
Tg(40 Cd + 2.25 EDTA) 11.51+1.33 | 163.26+1.15 | 23.304+1.23 | 8.21+1.11
To(40 Cd+ 2.25 EDTA+10 FYM) 12.34+1.20 | 165.37+1.22 | 27.61+.41 10.38+1.23
T10(60 Cd + 0 EDTA) 7.20%1.20 160.73+1.50 | 30.06+1.03 | 10.13+£1.07
T11(60 Cd+ 2.25 EDTA) 8.44+1.44 161.51+1.33 | 34.32+1.19 | 11.11+1.05
T12(60 Cd+ 2.25 EDTA +10 FYM) 9.87+1.87 159.74+0.93 | 38.01+1.01 | 13.08+1.10

Table 3. Translocation factor and Bioconcentration factor of Brassica juncea L.

Treatments Translocation Factor | Bio-concentration factor
Cd=mg kg-L, EDTA=mmol kg1, FYM=t ha'!

T1(0 Cd+ 0 EDTA) 0 0

T(0 Cd+ 2.25 EDTA) 0.16+0.02 0

T3(0 Cd+ 2.25 EDTA+ 0 FYM) 0.20+£0.01 0

T4(20 Cd+ 0 EDTA) 0.28+0.02 0.15+0.03
Ts(20 Cd+ 2.25 EDTA) 0.39+0.02 0.26+0.03
Te(20 Cd+ 2.25 EDTA+ 10 FYM) 0.46+0.01 0.35+0.01
T7(40 Cd + 0 EDTA) 0.31+0.03 0.16£0.03
Tg(40 Cd + 2.25 EDTA) 0.35+0.01 0.20+0.01
To(40 Cd+ 2.25 EDTA+10 FYM) 0.37+0.02 0.25+0.03
T10(60 Cd + 0 EDTA) 0.33+0.03 0.16£0.02
T11(60 Cd+ 2.25 EDTA) 0.32+0.01 0.18+0.02
T12(60 Cd+ 2.25 EDTA +10 FYM) 0.34+0.03 0.21+0.04

Values are average of three replicate + S.D (n=3).
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Translocation factor

Translocation factor is an effective measure for determinig the metal phytoextraction from soils. There
are three categories of plant based on their TF namely accumulator (TF>1), excluder (TF<1), and
indicator (TF near 1)[2,6]. More ever, the higher the TF value is, the stronger the phytoextraction ability.
In this study the translocation factor was found less than 1 for Indian mustard.The present study showes
that the Indian mustard plant has high accumulation of Cd in roots and low concentration in shoots,
nevertheless Indian mustard plant could be used for phytoremediation of Cd in contaminated soil
Translocation factor and bioconcentration factor are dipicted in table 3.

Bio-concentration factor

Bio-concentration factor (BCF) indicates the efficiency of a plant in uptaking heavy metals from soil and
accumulating them into its tissues. It is ratio of the heavy metal concentration in the plant tissues (roots
stem and leaves) to that in soil [26]. For a plant to be efficient tool in the contaminated soil
phytoremediation, the BCF have to be more than 1. In this present study, BCF of Cd was found to <1
suggesting Indian mustard a good plant for phytoremediation of Cd-contaminated soil. The BCF increased
considerably (0.15 at 20 mg kg1 Cd soil to 0.25 at 40 mg kg! Cd soil) with increasing Cd concentration of
soil.

The result indicates that EDTA in combination with FYM was found superior in enhancing
phytoremediation potential of Cd by Indian mustard plant. The Cd concentration increased in Indian
mustard with the use of EDTA and FYM.

CONCLUSION

In this research study, it may be concluded that the Indian mustard plant has efficient phytoremediation
ability to Cd. The distribution order of Cd content in the Indian mustard plant was root > shoot > leaves.
According to TF and BCF the Indian mustard plant can be classified as an indicator plant to the Cd because
the TF and BCF values of Indian mustard plant in this study found less than 1 or near to 1. The highest
concentration of cadmium was 38.01 mg kg1 and 13.08 mg kg in roots and shoots of Indian mustard
plant at 60 mg Cd/kg soil respectively with EDTA and FYM addition. The highest TF and BCF values were
found 0.46 and 0.35 respectively. Therefore, the Indian mustard is an effective accumulator plant for
phytoremediation of cadmium from cadmium contaminated soil.

This study provides a promising start for biomass based phytoremediation or phytoexraction. Further
research in field condition is needed to phytoremediation potential of Indian mustard (Brassica juncea L.)
for Cd in contaminated soil by using FYM and EDTA.
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