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Abstract 
The pot experiment was conducted to evaluate the phytoremediation potential of Calendula officinalis L. grown in Cd 
treated soil, using different chelators. In a pot experiment study, three chelators, including EDTA, citric acid (CA), and 
tartaric acid (TA), were applied to Cd treated soils (10 and 20 mg kg-1) in Calendula officinalis L. growing pots. According 
to the results of experiment, Calendula officinalis L. grew normally without any toxicity symptoms at different Cd 
concentration in the soil. By increasing the concentration of Cd in the soil, its accumulation in plant also increased but 
does not increase in the same proportion as the concentration in the soil increases. The application of chelators, EDTA, 
CA and TA, also enhanced the accumulation of Cd in root and shoot of Calendula officinalis L. plant, among the all 
chelators EDTA application accumulate higher amount of Cd 204.21, 85.27 followed by CA 173.16, 78.25, TA 162.36, 
76.14 mg kg-1 dry weight of shoot and root respectively. The increasing Cd concentration in soil also decreased dry 
biomass of plant. The dry biomass of plant reduced by the application of chelators due to enhanced the accumulation of 
heavy metals in plant parts and toxicity in soil. The maximum dry biomass was recorded in control treatment 3.25, 12.38 
mg pot-1 root and shoots respectively, followed by CA and TA applied treatment. The results also showed that all the 
chelators, especially EDTA, significantly increased the Cd mobility factor in Cd treated soils. The bio-concentration factor 
(0.43–0.96) and translocation factor (1.75-2.39) of Cd, so these results clearly indicate the Calendula officinalis L. plant is 
a hyper-accumulator for Cd. Finally, chelators enhanced the phytoremediation potential of Calendula officinalis L. by 
facilitate the availability of heavy metals.  
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The accumulation of heavy metals in soils has drawn 

attention in recent decades because they are non-biodegradable 

in nature and become hazardous in higher concentrations [39]. 

Among various components in the ecosystem, soil is the largest 

receiving body, thus it is mostly exposed to metals pollution 

which causing an emergent problem of heavy metals 

contamination in agricultural lands [40]. Heavy metals 

pollution in soil indicates their entry from both natural and 

anthropogenic sources [29]. The primary sources of metals in 

soils are parent materials weathering, and soil erosion moreover 

existence of parent materials directly associated with total 

heavy metals concentration in the soil [46]. In addition, various 

anthropogenic activities related to metals pollution in soils are 

metal finishing, paint, pigment, battery manufacturing, leather 

tanning, mining activities, foundries, smelters, human 

activities, urban composts, municipal waste-water sludge 

deposition, use of pesticide and phosphate fertilizers, etc. [38]. 

The pollution of heavy metals in agricultural soils has mostly 

resulted from the application of waste-water treatment sludge, 

the use of metals containing fertilizers, deposition of mining 

waste, and other similar anthropogenic activity [43]. Heavy 

metals such as lead (Pb), cadmium (Cd), chromium (Cr) and 

nickel (Ni) not only alter plant biochemical and physiological 

cycles but also easily entering the food chain and gradually 

accumulating in living organisms [29]. 

Many techniques and methods have been tried for the 

production of food and fodder in polluted soils by stabilizing 

and/or removing heavy metals from contaminated lands. 

Conventionally, physical and chemical remediation techniques 

are used to get rid of metals from contaminated sites. These 

methods are highly uneconomical, besides disturbing the 

natural state of the soil [50]. However, phytoremediation 

techniques are cost-effective and eco-friendly. Whereas, 

phytoremediation method offers removal of heavy metals by 

plants thus efficiently decreases the metal content in 

contaminated sites [2]. Phytoremediation strategies use a 

particular category of plants known as hyper-accumulators to 

remove heavy metals from the ecosystem [29]. Hyper-

accumulator plant species can accumulate metals 100 folds 

higher than commonly found plants and their translocation 

factor (TF) should be >1 [39]. 

Use of edible crops for phytoremediation is not a viable 

option as the metals accumulated by them might enter the food 

chain [30]. Floriculture plants offer alternative proposition 
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being non-edible in nature and, due to their capability to remove 

heavy metals from contaminated soils. For remediation 

purposes, use of floriculture plants has additional monitory 

benefit and aesthetic value [22]. Marigold is an attractive and 

widely grown ornamental plant with a good ability to absorb 

heavy metals [42]. Marigold plants can grow rapidly by 

developing a robust root system which helps them to survive 

under contaminated soil environment [10]. Thus, marigold 

could be used to decontaminate polluted sites. The marigold 

species was selected as a test plant due to its wide adoptability 

in different soils, hassle-free cultivation practices, rapid growth 

rate, early maturity, less nutrients requirement, virtuous 

adaptation under heavy metals stress and its no edible nature. 

Moreover, semi-arid to sub-humid climatic condition of the 

experimental site is favorable for marigold cultivation. 

However, lack of information prompted us to evaluate two 

marigold species for phytoremediation of heavy metals under 

soils of varying nature. It was well reported that different 

species of the same plant (marigold) differ in their ability to 

accumulate metals under various contaminated soils therefore 

present study provides an opportunity understand the potential 

of pot marigold (Calendula officinalis L.) for phytoremidiation 

of heavy metals contaminated soil [41]. 

Calendula officinalis L. is an ornamental plant, and for 

this study, it is a candidate plant for the phytoremediation of 

heavy metal contaminated soil. It belongs to the family 

Asteraceae and is seldom foraged by herbivores. Its propagation 

rate is high, life cycle short and growth rapid. Marigolds show 

rapid phtyoextraction of heavy metals from soil during their 

initial growth phase [8]. Owing to these properties, marigolds 

are a good choice for the decontamination of soil; brown field 

treatment and landfill stabilization [8-10]. Marigolds are also 

used for phytoremediation of soil contaminated with crude oil 

[33]. Different species of Marigold plants have been employed 

for phytoremediation of heavy metal contaminated soils. Low 

availability and transferability of HMs from the soil (especially 

for calcareous soils) to plants is a main factor limiting HMs’ 

uptake in accumulator plants, thus reducing the 

phytoremediation efficiency. In order to solve this problem, 

various biodegradable and non-biodegradable (synthetic) 

chelating agents have been widely used in the remediation of 

HMs-polluted soils [48]. Choosing the suitable chelating agents 

for phytoremediation depends on their effects on increasing the 

concentration of metal solutions in the soil and plant tissues, 

and the environment and plant growth. These chelating agents 

should be preferably biodegradable in the short term and should 

not lead to contaminate groundwater. The use of EDTA, citric 

acid (CA), and tartaric acid (TA) chelators (as chelating agents) 

in phytoremediation processes has motivated extensive 

research on enhanced phytoremediation [1-37]. Showed that the 

application of EDTA (0.5 g kg-1 in a single application, 20 days 

after seed germination and split of 0.5 g kg-1 in two applications 

of 0.25 g kg-1, 20 and 40 days after seed germination) as a 

chelator increased the translocation index of lead (Pb) by jack 

beans (especially in the single application) [12]. Assessed the 

effects of natural low molecular- weight organic acids 

(NLMWOA: CA, TA, and oxalic acid, in the dose of 62.50 

mmol kg-1) and EDTA (0.12 mmol kg-1) application (one day 

before transplanting to the pot) on Cu and Cd phytoextraction 

in tobacco (Nicotiana tabacum) and reported that a very small 

amount of EDTA (0.12 mmol kg-1) was more efficient in 

enhancing the phytoextraction of HMs from the soil compared 

to a very high amount of NLMWOA (62.50 mmol kg-1) [11]. 
 

  

MATERIALS AND METHODS 

Preparation of experimental pots 

The pot experiments were conducted at the Sheila Dhar 

institute of soil science, University of Allahabad, Prayagraj 

(UP). The Prayagraj is located in junction of Ganga and 

Yamuna rivers and having alluvial soil deposited by these 

rivers. The soil was collected from a depth of approximately 0-

30 cm from the institute field. Plant residues and other soil 

impurities were carefully removed from the soil prior to the 

drying process. The collected soil was properly dried and 

carefully mixed thoroughly to make soil homogeneous. Then 

all the soil samples were ground to pass through 2 mm sieve 

and 5 kg soil filled in each pot. The physic-chemical properties 

of pot filled soil present in table-01. The experimental pots were 

treated with Cd heavy metal at the rate of 10 and 20 mg kg-1 soil 

by Cd(NO3).4H2O salts solutions with EDTA, CA and TA at 

the rate 0.50 mmol kg-1 in soil. Each treatment was replicated 

thrice and completely randomized design was used. The 

treatment details have been present in table-02. The marigold 

(Calendula officinalis L.) was used as test crop. One month old 

healthy and uniform marigold seedlings were transplanted in 

each pot in first fortnight of September 2021, and only two 

healthy seedlings were kept up to maturity. The pots were 

irrigated regularly to maintain proper moisture for growth of 

marigold plants.  

 

Determination of soil properties 

The determination of total Cd in soil, by take one gram 

of soil sample was mixed with 5 ml of HNO3 (16 M, 71%) and 

5 ml of HClO4 (11 M, 71%) then soil mixture was heated until 

dry of sample then added hot distilled water. The dry sample 

filtrate by filter paper and final sample volume maintains 50 ml 

the filtrate sample was used to analysis of Cd by Atomic 

Absorption Spectrophotometer (AAS). For the determination of 

available Cd from soil, take 5-gram soil was mixed with 20 ml 

DTPA solution {Di-ethyl-tri-amine-penta acetic acid (DTPA) 

solution [1.97 g (0.05 M) DTPA powder, 13.3 ml (0.1 M) Tri-

ethanol amine and 1.47 g (0.01 M) CaCl2 were dissolved in 

distilled water and maintain 1 liter sample after adjusting the 

pH 7.3] was added and the contents were shaken for 2 h and 

then filtered through Whatman filter paper No. 42. The clean 

filtrate was used for the estimation of Cd by the 

spectrophotometer. 

Soil pH was determined with 1:2.5 soil–water ratios 

using digital pH meter at the Laboratory of Sheila Dhar Institute 

of Soil Science, University of Allahabad, Prayagraj, Uttar 

Pradesh, India. Double distilled water was used for the 

preparation of all solutions. 

For the determination of organic carbon take fine grind 

one gram soil sample and digested with 10 ml of 1 N potassium 

dichromate (K2Cr2O7) solution and 20 ml of concentrated 

sulphuric acid (18 M, 96%). The soil solution was shaken for 2 

minutes and kept for half an hour and then diluted with 200 ml 

of distilled water. Then addition of 10 ml of Ortho-phosphoric 

acid (15 M, 85%) and 1 ml of diphenylamine indicator were in 

solution. The solution became deep violet in colour and further 

it was titrated against N/2 ferrous ammonium sulphate solution, 

till the violet colour changed to purple and finally to green [7]. 

The CEC of soil was determined by using neutral 1 N 

ammonium acetate solution. A known weight of soil (5 g) was 

shaken with 25 ml of the acetate solution for 5 min and filtered 

through Whatman filter paper No. 42 [7]. 

The total nitrogen in soil was determined by take 1 g fine 

soil sample and digested with 10 ml of digestion mixture 

containing sulphuric acid and selenium dioxide. Salicylic acid 

was also added in solution to include the nitrates and nitrites. 

The digestion carried out till the soil colour changed to white. 

255 



The N in the digest was estimated by using micro-Kjeldahl 

method, Glass Agencies, Ambala, India [7]. 

For the determination of total phosphorus, 10 g fine grind 

soil sample was taken with 4 ml HClO4 (11 M, 71%) in a 50-ml 

beaker covered with watch glass and put on a hot plate and 

digestion was carried out till the soil colour changes to white. 

10 ml HNO3 (16 M, 71%) was added to the filtrate solution. 

Ammonia was added to saturate the solution. Then 30 ml 

standard ammonium molybdate solution was added in the 

solution to extract the total phosphorus content from soil [18]. 

 

Plant sample analysis 

Plants were harvested after 90 days of transplanting. 

Plant samples were firstly washed by tap water than 0.2% 

detergent solution, 0.1 N HCL, de-ionized water and double 

distilled water. Plant samples then soaked with tissue paper, air 

dried for 2-3 days in clean environment, placed in clean paper 

envelopes, dried in hot air oven at a temperature of 45C and 

grind in to a fine powder. Plant dry biomass weight was 

recorded. 1g of ground plant material was digested with15 ml 

of tri-acid mixture containing concentrated HNO3 (16 M, 71%), 

H2SO4 (18 M, 96%) and HClO4 (11 M, 71%) in (5:1:2). The 

composite was heated on hot plate at low heat (60C) for 30 

min, and the volume was reduced to about 5 ml until a 

transparent solution was obtained. After Cooling, 20 ml 

distilled water was added and the content was filtered through 

Whatman filter paper No. 42 [18]. The Cd was determined by 

Atomic Absorption Spectroscopy. 

 
Table 1 Physico-chemical properties of studied soil 

Property Value 

Sand (%) 55.54 

Silt (%) 20.32 

Clay (%) 24.25 

pH  7.7 

EC (dsm-1) at 25C 0.29 

Organic carbon (%) 0.58 

CEC [C mol (p+) / kg] 20.6 

Total N (%) 0.08 

Total P (%) 0.039 

Total Cd (mg kg-1) Trace 

DTPA-extractable Cd (mg kg-1) Trace 
 

±Values indicate standard deviation having three replications, 
(EC) electrical conductivity 
(CEC) cation exchange capacity 
(DTPA) diethyl tri-amine penta-acetic acid 

 
Table 2 Treatment details 

Symbol Treatment details 

T1 Cd 10 mg kg-1 

T2 Cd 10 mg kg-1+0.5 mmol kg-1 EDTA 

T3 Cd 10 mg kg-1+0.5 mmol kg-1 CA 

T4 Cd 10 mg kg-1+0.5 mmol kg-1 TA 

T5 Cd 20 mg kg-1     

T6 Cd 20 mg kg-1+0.5 mmol kg-1 EDTA 

T7 Cd 20 mg kg-1+0.5 mmol kg-1 CA 

T8 Cd 20 mg kg-1+0.5 mmol kg-1 TA 

T9 Control 
 

EDTA=Ethylene diamine tetra acetic acid 
CA= Citric acid, TA= Tartaric acid 

 

Translocation factor  

Translocation factor (TF) was used to determine the 

efficiency of phytoremediation. TF is an indication of the 

capacity of particular plant to movement of meals from root to 

areal portion of plant [24]. It is represented by the formula: 

 

Traslocation Factor =
Metal concentration in shoot

Metal concentration in root
 

 

Bio-concentration factor 

Bio-concentration factor (BCF) can be used to evaluate 

the heavy metals accumulation efficiency in plants by 

comprising the concentration in plant and soil [3-23]. 

 

Bio − concentration Factor =
Metal concentration in shoot

Metal concentration in soil
 

 

Statistical analysis 

The pot experiment was conducted as a complete 

randomized design with each treatment replicated thrice. 

Statistical analysis of data was done following analysis of 

variance (ANOVA), when the ANOVA was significant that 

mean were separated using critical difference (CD), at P0.05 

level of significance. The diagrams were plotted using the 

Graph Pad prism9.  

 

RESULTS AND DISCUSSION 
 

Cd concentration in root and shoot 

According to the result of ANOVA analysis the effect of 

Cd levels and chelators on accumulation of Cd in root and shoot 

of Calendula officinalis L. were statistically significant show in 

figure 01. The accumulation of Cd in root (58.24 to 85.27 mg 

kg-1) and shoot (101.32 to 204.21 mg kg-1) of Calendula 

officinalis L. plant is significantly increased by increasing the 

concentration of Cd in soils. The Cd concentration was found 

higher in chelatores applied treatments 101.32, 85.84, 85.27 and 

204.21, 178.46, 173.16 in compared to non-chelators applied 

treatments 58.24, 66.12 and 101.32, 117.43 mg kg-1 root and 

shoot respectively.  The use of chelators at both level of Cd 

increased the accumulation of Cd in root and shoot of 

Calendula officinalis L. plant compared to without chelator 

treated treatments. The shoots of marigold accumulate higher 

amount of Cd (101.32 to 204.21mg kg-1) than root (58.24 to 

85.27 mg kg-1). The higher accumulation of Cd in root (101.32, 

85.27 mg kg-1) and shoot (178.46, 204.21mg kg-1) were found 

in EDTA applied treatments followed by CA and TA applied 

treatments. The results are also in conformity with that of where 

they evaluated the effect of EDTA and citric acid on heavy 

metals (Cu, Pb, Zn and Cd) uptake by Helianthus annuus and 

found that EDTA and citric acid, both have the capacity to 

increase the metal accumulation, but more increase in metal 

accumulation was noticed with EDTA treatments, than citric 

acid treatments [20]. The increasing heavy metal concentration 

in soil the potential of all chelators is reduced due to the 

translocation of heavy metals in the plants. The higher potential 

of EDTA to accumulate Cd in Calendula officinalis L compared 

to CA and TA may be due to difference in chemical structure 

and higher stability of Cd with EDTA than CA and TA in soil. 

The hydrophobocity of EDTA complex with heavy metals in 

the soil as a result of which more hydropholic compounds 

passed through the apoplastic pathway, and thus is less 

resistance against their entry into the cell [3-13]. The results of 

present study clearly indicate that Calendula officinalis L. 

potential accumulated the Cd from treated soils and addition of 
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EDTA, CA and TA had increased the accumulation of Cd than 

control treatments. 
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Fig 1 Accumulation of Cd in the root and shoot of Calendula 
officinalis L. under different treatments of Cd and chelators. Error 

bar represents the standard deviation of three measurements 
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Fig 2 TF and BCF of Cd in Calendula officinalis L. under different 
treatments of Cd and chelators 

 

TF and BCF of Cd in Calendula officinalis L. 

Translocation factor and Bio-concentration factor are 

two vital indexes to determine the phytoremediation capability 

of plants. Significant effect of Cd level and chelators 

application on phytoremediation indices, TF and BCF was 

observed. TF indicates the capability of plant to translocate 

heavy metals from the root to the shoot and BCF represent the 

accumulation of heavy metal from soil to aerial portion of plant. 

According to the classification of hyper accumulators, plants 

with minimum TF of 1 are defined as hyper accumulator plants 

[21]. The study results present in figure 02; the TF was found 

more than one (>1) and BCF is less than one (<1). The highest 

TF recorded in EDTA (2.39) followed by CA (2.22), TA (2.14) 

applied treatments and BCF CA (0.96) followed by TA (0.95) 

applied treatments. The use of chelating agents increased the TF 

and BCF of Cd in Calendula officinalis L. The TF showed 

increased by the increasing Cd concentration in soil. The result 

clearly indicates that the Calendula officinalis L. plant is hyper 

accumulator plant for Cd. The selection of plants for 

phytoremediation of heavy metals depends on TF and BCF 

[45]. A TF more than one (>1) indicate the transfer of heavy 

metals from root to the shoot of plant [17]. To tolerate the heavy 

metals stress marigold species adopted some resistance 

mechanism such as blocking the absorption of heavy metals, 

extracellular complexation, cytoplasmic complexation, 

chelation and the expression of stress-inducible proteins related 

to heavy metals resistance [50]. The application of chelators 

increased TF and BCF, which can improve the Cd 

phytoremediation by Calendula officinalis L. plant. 
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Fig 3 Dry biomass of root and shoot in Calendula officinalis L. 
under different treatments of Cd and chelators. Error bar 
represent the standard deviation of three measurements 

 

Root and shoot dry weight  

The experimental result showing the effect of EDTA, 

CA and TA chelators on dry biomass of Calendula officinalis 

L. are present in (Fig 3). In figure illustrates the effects of Cd 

concentration and different chelators on root and shoot dry 

biomass of Calendula officinalis L. The dry biomass of root and 

shoot was gradually and significantly decreased with the 

increase in Cd concentration in soil in the presence and absence 

of chelators, although no toxicity symptoms such as chlorosis 

or necrosis were observed in any treated plant. According to the 

literature, the toxic levels of Cd in soils and plants are generally 

between 3 and 10 mg kg-1 and 5 and 30 mg kg-1 respectively [9-

16]. As a result, Calendula officinalis L. can tolerate Cd in the 

range of 10–20 mg kg-1 without any toxic symptoms, but its 

biomass is markedly reduced. As can be seen in (Fig 3), the 

biomass of control treatment 3.25 and 12.38 mg pot-1 root and 

shoot dry biomass respectively is higher over the Cd applied 

treatments (2.95, 11.26 mg kg-1). The reduction of the plant 

biomass, as a result of Cd application, can be attributed to the 

accumulation of these elements in the cell wall and its entry into 

the cytoplasm and, ultimately, the disrupted normal metabolism 

of the cell [46]. The highest biomass recorded in control (3.25, 

12.38 mg kg-1) followed by CA (3.13, 11.48 mg kg-1), TA (3.00, 

11.40 mg kg-1) applied treatments root and shoot respectively. 

Among chelators the CA applied treatments found higher dry 

bio-mass (3.13, 11.48 mg kg-1) followed by TA (3.00, 11.40 mg 

kg-1), EDTA (2.27, 11.00 mg kg-1) applied treatments root and 

shoot respectively. The highest dry bio-mass in control 

treatment found because of the increased Cd availability to the 

plant and toxicity in the soil solution. Based on the previous 

experiment results, EDTA can destroy the root’s physiological 

barriers that control HMs’ uptake and cause a high 

accumulation of metals within the plant, more than its potential 

[44]. This activates the defense mechanisms against the toxicity 

of metals and consequently reduces plant growth [32]. 

According to Hadi et al. investigated the effect of EDTA 

application on Pb uptake by maize, and showed that EDTA 

reduces the root and shoot length of the plant14. Among the all 

applied chelators the CA increasing shoot and root dry weight 

biomass compared to the other treatments in Cd treated soils. It 

seems that this mechanism and the synthesis of phytochelatin in 

CA and TA treatments increased the plant dry weight compared 

to EDTA treatments [25]. Several studies have demonstrated 

257 



that the application of CA in heavy metals polluted 

environments significantly improves plant growth [32]. 

Reported that EDTA application (0.5 and 2 mmol kg-1) in a Pb-

polluted soil significantly decreased the root dry weight of Iris 

halophile Pall compared to the treatment without the application 

of a chelating agent, while CA application at the same 

concentration increased the root and shoot dry weight of the 

plant [15]. 
 

CONCLUSION 
 

The phytoremediation potential of Calendula officinalis 

L. was studied by growing in Cd treated soil with the help of 

chelators. According to the results of this study, Calendula 

officinalis L. as an ornamental plant, showed a significant 

potential against stress, toxicity, and accumulation of Cd. The 

use of chelators EDTA, CA, and TA effectively increase Cd 

concentration in root and shoot of plant, TF and BCF compared 

to the non-chelators applied treatments. EDTA application 

improve the metals accumulation through eliminating the 

physiological barriers in the root by removing Fe2+ and Ca2+ 

cations, which play an important role in the selectivity of the 

plasma membrane of root cells. Calendula officinalis L. is a 

flowering ornamental plant and does not a component of human 

and animal food chain, has an appropriate mechanism to 

overcome the Cd stress in plan and has BCF <1 and TF >1 for 

Cd; therefore, it can be used as a Cd hyper-accumulator plant in 

Cd polluted soils. The study result indicates that the application 

of CA and TA not only increases the Cd accumulation through 

Calendula officinalis L., but also induces lower stress levels 

compared to EDTA and non-chelators applied treatments. In 

addition, due to the biodegradable nature of CA and increased 

efficiency of the TF of Cd than the non-biodegradable EDTA 

synthetic chelate, finally it is recommended that CA can be 

selected as the good chelator in order to increase the efficiency 

of Cd phytoremediation.
 

 

LITERATURE CITED 
1. Agnello AC, Huguenot D, Van Hullebusch ED, Esposito G. 2014. Enhanced phytoremediation: a review of low molecular weight 

organic acids and surfactants used as amendments. Critical Reviews in Environment Science and Technology 44(22): 2531-

2576. 

2. Azab E, Hegazy AK. 2020. Monitoring the efficiency of Rhazya stricta L. plants in phytoremediation of heavy metal-

contaminated soil. Plants 9: 1057.  

3. Baker AJM. 1981. Accumulator and excluders-strategies in the response of plant to heavy metals. Journal of Plant Nutrition 3: 

643-654. 

4. Bot A, Benites J. 2005. The importance of soil organic matter. In: FAO Soils Bulletin 80. Food and agriculture organization of 

the United Nations, Rome 

5. Chanu LB, Gupta A. 2016. Phytoremediation of lead using Ipomoea aquatica Forsk in hydroponic solution. Chemosphere 156: 

407-411. 

6. Chatterjee S, Singh L, Chattopadhyay B, Datta S, Mukhopadhyay SK. 2012. A study on the waste metal remediation using 

floriculture at East Calcutta Wetlands, a Ramsar site in India. Environmental Monitoring and Assessment 184: 5139-5150. 

7. Chopra SL, Kanwar JS. 1999. Analytical Agricultural Chemistry. Kalyani Publication. pp 148-238. 

8., Choudhury MR, Islam MS, Ahmed ZU, Nayar F. 2016. Phytoremediation of heavy metal contaminated buriganga riverbed 

sediment by Indian mustard and marigold plants. Environmental Progress and Sustainable Energy 53(1): 117-124. 

9. Clarke JM, Norvell WA, Clarke FR, Buckley WT. 2002. Concentration of cadmium and other elements in the grain of near-

isogenic durum lines. Communication in Plant Science 82(1): 27-33. 

10. Coelho LC, Bastos ARR, Pinho PJ, Souza GA, Carvalho JG, Coelho VAT, Oliveira LC A, Domingues RR, Faquin V. 2017. 

Marigold (Calendula officinalis L.): the potential value in the phytoremediation of chromium. Pedosphere 27(3): 559-568. 

11. Evangelou MW, Ebel M, Schaeffer A. 2006. Evaluation of the effect of small organic acids on phytoextraction of Cu and Pb 

from soil with tobacco Nicotiana tabacum. Chemosphere 63(6): 996-1004. 

12. Gabos M B, Abreu CAD, Coscione AR. 2009. EDTA assisted phytorremediation of a Pb contaminated soil: metal leaching and 

uptake by jack beans. Scientific Agriculture 66(4): 506-514.  

13. Grcman H, Velikonja Bolta S, Vodnik D, Kos B, Lestan D. 2001. EDTA enhanced heavy metal phytoextraction: metal 

accumulation, leaching and toxicity. Plant and Soil 235(1): 105-114. 

14. Hadi F, Bano A, Fuller MP. 2010. The improved phytoextraction of lead (Pb) and the growth of maize (Zea mays L.): The role 

of plant growth regulators (GA3 and IAA) and EDTA alone and in combinations. Chemosphere 80(4): 457-462.  

15. Han Y, Zhang L, Gu J, Zhao J, Fu J. 2018. Citric acid and EDTA on the growth, photosynthetic properties and heavy metal 

accumulation of Iris halophila Pall. Cultivated in Pb mine tailings. International Journal of Biodeterioration and 

Biodegradation 128: 15-21. 

16. Irfan M, Hayat S, Ahmad A, Alyemeni MN. 2013. Soil cadmium enrichment: Allocation and plant physiological manifestations. 

Saudi Journal of Biological Science 20(1): 1-10. 

17. Jamil S, Abhilash PC, Singh N, Sharma PN. 2009. Jatropha curcas: A potential crop for phytoremediation of coal fly ash. 

Journal of Hazardous Materials 172(1): 269-275.  

18. Kumar C, Mani D. 2010. Enrichment and management of heavy metals in sewage irrigated soil. Lap lambert academic 

publishing, Dudweiler. Germany. 

19. Latare AM, Kumar O, Singh SK, Gupta A. 2014. Direct and residual effect of sewage sludge on yield, heavy metals content 

and soil fertility under rice-wheat system. Ecological Engineering 69: 17-24.  

20. Lesage E, Meers E, Vervaeke P, Lamsal S, Hopgood M, Tack FM and Verioc, MG. 2005. Enhanced phytoextraction: II. Effect 

of EDTA and citric acid on heavy metal uptake by Helianthus annuus from a calcareous soil. International Journal of 

Phytoremediation 7: 143-152. 

21. Li X, Zhang X, Yang Y, Li B, Wu Y, Sun H, Yang Y. 2016. Cadmium accumulation characteristics in turnip landraces from 

China and assessment of their phytoremediation potential for contaminated soils. Frontiers in Plant Science 7: 1862. 

22. Mahmood-Ul-Hassan M, Yousra M, Saman L, Ahmad R. 2020. Floriculture: alternate non-edible plants for phyto-remediation 

of heavy metal contaminated soils. International Journal of Phytoremediation 22(7): 725-728.  

258 



23. Ma LQ, Komar KM, Tu C, Zhang W, Cai Y, Kenelly E, D. 2001. A fern that hyper-accumulates arsenic. Nature 409: 579-582.  

24. Marchiol L, Assolari S, Sacco P, Zebri G. 2004. Phytoextratioay metals by canola (Brassica napus) and radish (Raphunus 

sativus) growing on multi contaminated soil. Environmental Pollution 132: 21-27. 

25. Muhammad D, Chen F, Zhao J, Zhang G, Wu F. 2009. Comparison of EDTA-and citric acid-enhanced phytoextraction of heavy 

metals in artificially metal contaminated soil by Typhaangustifolia. International Journal of Phytoremediation 11(6): 558-

574. 

26. Ogbonnaya U, Semple KT. 2013. Impact of biochar on organic contaminants in soil: a tool for mitigating risk. Agronomy 3: 

349-375. 

27. Pichtel J, Bradway D. 2007. Conventional crops and organic amendments for Pb, Cd and Zn treatment at a severely contaminated 

site. Bio-resource Technology 99: 1242-1251. 

28. Raj D, Kumar A, Maiti SK. 2020. Brassica juncea (L.) Czern. (Indian mustard): a putative plant species to facilitate the 

phytoremediation of mercury contaminated soils. International Journal of Phytoremediation 22(7): 733-744. 

29. Raj D, Maiti SK. 2020. Sources, bioaccumulation, health risks and remediation of potentially toxic metal(loid)s (As, Cd, Cr, Pb 

and Hg): an epitomized review. Environmental Monitoring and Assessment 192(2): 108. 

30. Ramana S, Biswas AK, Singh AB, Kumar A, Ahirwar NK. 2013. Phytoremediation ability of some floricultural plant species. 

Indian Journal of Plant Physiology 18: 187-190. 

31. Rezapour S, Atashpaz B, Moghaddam SS, Kalavrouziotis IK, Damalas CA. 2019. Cadmium accumulation, translocation factor, 

and health risk potential in a wastewater-irrigated soil-wheat (Triticum aestivum L.) system. Chemosphere 231: 579-587. 

32. Sabir M, Hanafi MM, Zia-Ur-Rehman M, Saifullah AHR, Hakeem KR, Aziz T. 2014. Comparison of low-molecular-weight 

organic acids and ethylene diamine tetra acetic acid to enhance phytoextraction of heavy metals by maize. Communication 

in Soil Science Plant Analysis 45: 42-52.  

33. Salim F, Setiadi Y, Sopandie D, Yani M. 2020. Adaptation selection of plants for utilization in phytoremediation of soil 

contaminated by crude oil Fadliah. Hayati 27: 45-56. 

34. Salt DE, Smith RD, Raskin I. 1998. Phytoremediation. Annual Review of Plant Physiology and Plant Molecular Biology 49(1): 

643-668. 

35. Sathya V, Mahimairaja S, Bharani A, Krishnaveni A. 2020. Influence of soil bio amendments on the availability of nickel and 

phytoextraction capability of Marigold from the contaminated soil. International Journal of Plant and Soil Science 31: 1-12. 

36. Shahid M, Austruy A, Echevarria G, Arshad M, Sanaullah M, Aslam M, Nadeem M, Nasim W, Dumat C. 2014. EDTA-

enhanced phytoremediation of heavy metals: a review. Soil and Sediment Contamination 23(4): 389-416. 

37. Shahid M, Austruy A, Echerarria G, Arshad M, Sanaullah M, Aslam M, Nadeem M, Nasim W, Dumat C. 2015. EDTA-enhanced 

phytoremediation of heavy metals: a review. Soil and Sediment Contamination 23: 389-416. 

38. Singani AAS, Ahmadi P. 2012. Manure application and cannabis cultivation influence on speciation of lead and cadmium by 

selective sequential extraction. Soil and Sediment Contamination 21(3): 305-321. 

39. Soylak M, Unsal YE, Tuzen M. 2013. Evaluation of metal contents of household detergent samples from Turkey by flame 

atomic absorption spectrometry. Environmental Monitoring and Assessment 185(11): 9663-9668.  

40. Sungur A, Soylak M, Yilmaz E, Yilmaz S, Ozcan H. 2015. Characterization of heavy metal fractions in agricultural soils by 

sequential extraction procedure: the relationship between soil properties and heavy metal fractions. Soil and Sediment 

Contamination 24(1): 1-15. 

41. Sun R, Sun Q, Wang R, Cao L. 2018. Cadmium accumulation and main rhizosphere characteristics of seven French marigold 

(Tagetes patula L.) cultivars. International Journal of Phytoremediation 20(12): 1171-1178. 

42. Tabrizi L, Mohammadi S, Delshad M, Moteshare ZB. 2015. Effect of arbuscular mycorrhizal fungi on yield and 

phytoremediation performance of pot marigold (Calendula officinalis L.) under heavy metals stress. International Journal 

of Phytoremediation 17(12): 1244-1252.  

43. Unsal YEY, Ilmaz E, Soylak M, Tuzen M. 2013. Trace element contents of raisins, grape and soil samples from Incesu-Kayseri, 

Turkey. Fresenius Environmental Bulletin 22: 1441-1445. 

44. Vassil AD, Kapulnik Y, Raskin I, Salt DE. 1998. The role of EDTA in lead transport and accumulation by Indian mustard. Plant 

Physiology 117(2): 447-453.  

45. Wu Q, Wang S, Thangavel P, Li Q, Zheng H, Bai J, Qiu R. 2011. Phyto stabilization potential of Jatropha curcas L. in 

polymetallic acid mine tailings. International Journal of Phytoremediation 13(8): 788-804.  

46. Yadav KK, Gupta N, Kumar A, Reece LM, Singh N, Rezania S, Khan, SA. 2018. Mechanistic understanding and holistic 

approach of phytoremediation: A review on application and future prospects. Ecological Engineering 120: 274-298. 

47. Yadav SK. 2010. Heavy metals toxicity in plants:an overview on the role of glutathione and phytochelatins in heavy metal stress 

tolerance of plants. South African Journal of Botany 76(2): 167-179.  

48. Yan L, Li C, Zhang J, Moodley O, Liu S, Lan C, Gao Q, Zhang W. 2017. Enhanced phytoextraction of lead from artificially 

contaminated soil by Mirabilis jalapa with chelating agents. Bulletin of Environmental Contamination and Toxicology 99(2): 

208-212. 

49. Yu G, Ma J, Jiang P, Li J, Gao J, Qiao S, Zhao Z. 2019. The mechanism of plant resistance to heavy metal. IOP Conference 

Series Earth and Environmental Science 310: 052004.  

50. Yu XA, Zhou T, Zhao J, Dong C, Wu L, Luo Y, Christie P. 2021. Remediation of a metal-contaminated soil by chemical 

washing and repeated phytoextraction: a field experiment. International Journal of Phytoremediation 23(6): 577-578. 

259 


