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Phytostabilzation as a sustainable phytoremediation strategy 
for lead contaminated soil – Screening of biofuel plants for lead 
tolerance and accumulation 

The contamination of soil by lead has one of the major environ-
mental problems globally. In present study, the experiment was 
carried out for lead contaminated soil with four plant species i.e., 
A. esculentus, A. sativa, G. abyssinica and G. max that were 
subjected to six lead concentrations i.e., 100, 200, 400, 600, 
800 and 1000 mg Pb kg-1 soil. Soil without spiked were taken 
as control and investigated for lead phytotoxicity, tolerance and 
accumulation. After 12 weeks of experiment, lead toxicity on 
growth and biochemi-cal parameters were determined. For four 
plant species, seed germination and most of the growth param-
eters were significantly (p<0.05) reduced under high lead stress. 
Chloro-phyll contents were also decreased with increased lead 
concentrations. Accumulation of lead was higher in roots than 
shoots of all studied plants. Among the four plant species, sig-
nificant highest lead accumulation was found in the roots and 
shoots of A. sativa. Bio-concentration factor, bioaccumulation 
coefficient, translocation factor and phytoremdia-tion ratios were 
suggested that A. sativa with high lead tolerance and accumula-
tion capac-ity has considered an efficient plant for the reclama-
tion of lead contaminated soil.
Keywords: Lead; toxicity; tolerance; accumulation; phytoremedi-
ation efficiency.
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1. Introduction 

Heavy metal contamination of soil has become 

one of the most serious environmental problems 

due to its toxic impacts on soil properties 

(Becerril Soto et al., 2007). Among toxic metals 

contaminants, lead was the most toxic heavy 

metal (Shahid et al. 2011) of all environmental 

compartments for instance soil, water, 

atmosphere as well as for living organisms 

(Punamiya et al. 2010). Naturally lead occurred 

in the earth’s crust (Arias et al. 2010) and its 

natural levels remained below 50 mg kg–1 (Pais 

and Jones 2000).  

Lead has mainly used in many industrial 

activities that were released hazardous lead to 

environment and changed the amount and 

nature of lead species in soil. There were several 

anthropogenic activities that caused the 

contamination of soil for instance the deposition 

of lead particles released by the urban and 

industrial activities (Fabietti et al., 2009), lead 

containing paints, gasoline, explosives, lead 

batteries (Tian et al. 2010; Zheng et al. 2011) as 

well as vehicle exhausts (Hernandez et al., 

2003). In addition to this, agricultural practices 

(Fabietti et al., 2009) such as utilization of lead 

arsenate pesticide, irrigation with wastewater, 

disposal of solid wastes as sewage sludge (Tian 

et al. 2010; Zheng et al. 2011) were played their 

major role in lead contamination. Therefore, the 

accumulation of lead in soil created great affect 

and produced unwanted changes in soil 

properties (Navarro-Aviñó et al., 2007; Cecchi et 

al. 2008). Lead has also induced phytotoxicity in 

plant morphological as well as biochemical 

activities at higher concentrations. The growth 

and development of plants were adversely 

affected under lead stress for instance 

germination, root and shoot elongation, 

chlorophyll production and cell division (Gupta et 

al. 2010; Maestri et al. 2010).  

There were several conventional remediation 

methods employed for the reclamation of heavy 

metal contaminated soil but the short coming of 

these physical and chemical remediation 

methods were their adverse effects on soil 

properties as well as large investments (Wuana 

and Okieimen, 2011; Oh et al., 2013). Therefore, 

a green cost-effective remediation method 

referred as phytoremediation were emerged as 

a solution to the problem of heavy metal 

contaminated soil that received great attention in 

past few years. In phytoremediation, the plants 

with high accumulation potential and efficient 

transportation of heavy metals from soil to the 

harvestable parts were utilized. 

Phytoremediation was a novel, cost-effective, 

eco-friendly, aesthetically pleasant, solar-driven, 

green alternative solution for heavy metal 

contaminated soil over conventional 

physicochemical remediation techniques that 

were not only removed toxic metals from soil but 

recovered functionality, sustainability as well as 

quality of soil (Alvarez and Illman, 2006; 

Odjegba and Fasidi, 2007; Lone et al., 2008). 

Phytoremediation has low installation and 

maintenance charges as compared to other 

remediation methods (Van Aken, 2009) and 

suitable for large field areas where other 

remediation methods were found more 

expensive (Garbisu and Alkorta, 2003).  

There were about 500 vascular plant species 

has been reported in literature with high metal 

accumulation (Sharma et al., 2014). The criteria 

for phytoremediation were based on the ability of 

plants for high metal accumulation, high 

biomass production and bioavailability of metals 

in soil (Adesodun et al., 2010; Sakakibara et al., 

2011; Shabani and Sayadi, 2012). Therefore, 

based on aforementioned criteria, the objectives 

of current study were (1) to investigate the 

natural accumulation potential of plants i.e., 

Abelmoschus esculentus (okra), Avena sativa 

(oat), Glycine max (soybean) and Guizotia 

abyssinica (niger) (2) to evaluate the 

phytotoxicity of lead on growth parameters and 

chlorophyll contents and (3) to determine the 

lead tolerance in terms of plant growth 

parameters. 

2. Material and methods 
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2.1. Collection of seeds and sterilization 

process 

Seeds of tested plant species were collected 

from different sources for instance Avena sativa 

(oat) variety NARC-oat from the Institute of 

Fodder Research Program, Glycine max 

(soybean) variety NARC-I from the Institute of 

Oilseeds Research Program, National 

Agricultural Research Centre, Islamabad, 

Pakistan. Seeds of Abelmoschus esculentus 

(okra) were obtained from Komal seed 

Production, Tandoallahyar and Guizotia 

abyssinica (niger) from Vine House Farm, UK. 

Seeds of all plants species were surface 

sterilized before sowing with 0.1% HgCl2 

(mercuric chloride) solution for 10 minutes then 

washed several times with tap water and finally 

washed with distilled water to avoid any 

microbial infection (Pourakbar et al. 2007).  

 

Table 1. Plant species selected for pot experiment. 

No. Botanical name Vernacular name Family 

1 Avena sativa L. Oat Poaceae 

2 Guizotia abyssinica L. Niger Asteraceae 

3 Abelmoschus esculentus L. Okra Malvaceae 

4 Glycine max L. Soybean Fabaceae 

 

2.2. Collection of soil samples and 

measurements 

Soil samples were collected from 

uncontaminated agricultural field using hand 

shovel and then mixed it well, air dried and 

ground with pestle and mortar to pass through a 

size of 2 mm sieve and were analyzed for 

physicochemical properties. Soil pH was 

measured with pH-meter (InoLab-WTB GmbH; 

Weilheim, Germany) using glass electrode 

(Yoon et al., 2006) and electrical conductivity 

(EC) was measured with an electrical 

conductivity meter (WTW – 330i) (Rachit et al., 

2016) at 1:2 (w/v) ratio of soil to water 

suspension. Organic matter (OM) and organic 

carbon (OC) (%) were measured according to 

Walkley and Black (chromic acid titration) 

method (Fanrong et al., 2011). 

 

Table 2. The selected properties of experimental soil. 

Similar letters in same column are statistically non-significant according to Duncan’s Multiple Range Test 

p<0.05), Data are means (n = 3 ±SD), 
a
 in superscript represent significantly highest followed by later 

alphabets for lower means. N.D = Not detected  

 

2.3. Preparation of lead (Pb) stock solution 

and spiked soil 

The stock solution of lead (1000 mg L-1) was 

prepared by dissolving 1.598 g of Pb (NO3)2 

Parameter Value 

pH 6.89b ± 0.04 

E.C. (µS cm-1) 1662a ± 11 

Organic carbon % 2.20b ± 0.04 

Organic matter % 3.79b ± 0.02 

Pb (total) mg kg-1 N.D* 
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(lead nitrate) in 1000 ml (1L) deionized water. 

For pot experiment, 5 kg sieved soil per pot was 

artificially spiked with lead (Pb) at increasing 

concentrations i.e., 100, 200, 400, 600, 800 and 

1000 mg Pb kg-1 and kept for 2 weeks to attain 

equilibrium. The soil without lead spiking were 

used as control. Each of the above dilution 

including control was performed in triplicate. The 

treatment details were given in Table 3. 

 

Table 3. Lead treatment levels used in the pot experiment 

Heavy metal Salt used 
Treatments (mg kg-1 soil) 

T1 T2 T3 T4 T5 T6 

Lead (Pb) Pb (NO3)2 100 200 400 600 800 1000 

 

2.4. Pot experiment 

Experimental pots were arranged in a complete 

randomized design (CRD) under green house. 

After 2 weeks of equilibrium soil in pots were 

mixed well and twenty holes were made with 

about 2 cm deep at equal distance. One seed 

was put in each hole and covered with a small 

amount of soil. Germination was started one 

week after sowing and seedlings were thinned 

down to five per pot at two leaf stage. For the 

collection of drain out liquid (leachate) plastic 

plates were placed under the pot that were 

returned back to pots at next watering. The 

experiment was performed for a period of 12 

weeks and at the end of experimental period the 

plants were harvested for the determination of 

growth parameters as well as chlorophyll 

contents. Both plant and soil samples were 

collected from pots for the investigation of lead 

using Atomic Absorption Spectrophotometer. 

2.5. Instrumentation 

The quantification of lead in plant tissues and 

soil under optimum analytical conditions were 

carried out by atomic absorption 

spectrophotometer (Perkin-Elmer, AAnalyst 

800) equipped with a lead hallow cathode lamp 

having current 5.0 mA and wavelength 217.0 nm 

used for the estimation of lead concentration. 

The standard calibration method was adopted 

for the quantification of results and triplicate 

samples were run to insure the precision of 

quantitative results. 

2.6. Germination percentage (%) 

Germination percentage was calculated as the 

total number of germinated seeds to that of total 

numbers of seeds sown expressed in 

percentage and calculated as follow: (Talebi et 

al. 2014) 

Germination percentage (%) =  
Total No. ofgerminated seeds

Total No. of seeds sown
 × 100 

2.7. Plant morphological parameters 

For plant morphological parameters, plant 

samples were washed thoroughly and separated 

into parts. The root and shoot lengths of plants 

were measured using a centimeter scale and 

expressed n cm plant-1. The root and shoot fresh 

weights of plants were measured with the help 

of analytical weight balance and expressed in g 

plant-1. For the determination of root and shoot 

dry weights the samples were first air dried and 

then oven-dried at 80 oC to attain a constant 

weight. The dry weights were determined 

analytical weight balance and expressed in g 

plant-1. 

2.8. Tolerance index (TI)  

Tolerance index (TI) were expressed as the ratio 

between the growth parameters of plants grown 

in lead contaminated soil in relation to the growth 

parameters of plants grown in uncontaminated 

soil and calculated by following equation: 

(Wilkins, 1978) 
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Tolerance index (%)  =
[Growth parameter]Pb contaminated soil

[Growth parameter]Control soil
× 100 

2.9. Estimation of chlorophyll contents 

Chlorophyll contents were measured using 0.5 g 

of fresh leaf material that were ground with 10 ml 

of 80% acetone. Following filtration, 1 ml of the 

suspension was diluted with an additional 2 ml 

of acetone. The optical density (OD) were 

determined through UV-Visible 

spectrophotometer (Biochrom Libra S22) using 

two wavelengths i.e., 663 and 645 nm against 

blank. The chlorophyll contents were evaluated 

by Arnon (1949). 

2.10. Lead analysis in plant and soil samples 

The lead contents in plants were determined by 

digested 0.5 g of plant samples with 12 ml di-

acid mixture of HNO3 and HClO4 (3:1, v/v), 

whereas lead contents in soil were determined 

by digested 1 g of soil samples with aqua regia 

(HNO3/HCl) in ratio 3:1 (v/v) and heated on a hot 

plate for 2 h until the solution becomes cleared. 

The digested solution of plant and soil after 

cooling were filtered through Whatman’s filter 

paper and finally makes up the volume up to 

mark 50 ml by adding deionized water and were 

used for subsequent lead analysis. The 

concentration and accumulation of lead in plants 

were calculated as follow: (Monni et al. 2000)  

Pb Conc. (mg/kg) =  
AAS reading × dilution factor

dry wt. of plant tissues (root, stem, leaf, pod)
 

Pb Acc. (μg/plant) = Pb conc.  ×  dry wt. of plant tissues 

2.11. Phytoremediation efficiency 

The phytoremediation efficiency in plants were 

quantified by the following metal uptake indices: 

2.11.1. Bioconcentration factor (BCF) 

The bioconcentration factor was the ratio of lead 

concentration in plant roots to that of lead 

concentration in soil and calculated as follow: 

Bioconcentration Factor [BCF] =
Pb concentration in plant root (mg kg−1 DW)

Pb concentration in soil (mg kg−1 DW)
 

2.11.2. Bioaccumulation coefficient (BAC) 

The bioaccumulation coefficient was expressed 

as the ratio of leadl concentration in plant shoots 

in relation to lead concentration in soil and 

calculated as follow:  

Bioaccumulation Coefficient [BAC] =
Pb concentration in plant shoot (mg kg−1 DW)

Pb concentration in soil (mg kg−1 DW)
 

2.11.3. Translocation factor (TF) 

The translocation factor was expressed as the 

ratio of lead concentration in plant shoots to that 

of lead concentration in plant roots and 

calculated as follow:  

Translocation Factor [TF] =
Pb concentration in plant shoot (mg kg−1 DW)

Pb concentration in plant root (mg kg−1 DW)
 

2.11.4. Phytoremediation ratio (%) 

The phytoremediation ratio (PR) was an 

important factors that used for the determination 

of phytoremediation efficiency in plants, 

expressed in percentage and calculated as 

follows (Awokunmi 2016):  

Phytoremediation ratio [PR %] =
Pb concentration in plant tissue (μg g−1) x dry weight of plant biomass (g) 

total Pb concentration in soil (μg g−1) x weight of soil in the pot (g)
× 100 

2.12. Statistical analysis 

The data were statistically analyzed with PASW® 

Statistics 18 (SPSS Inc., Chicago, IL, USA). 

Analysis of variance (ANOVA) were performed 

for the comparison of treatment means. 

Duncan’s multiple range Post Hoc tests were 



Hira Amin et al., JPER, 2020, 4:18 

JPER: https://escipub.com/journal-of-plant-and-environmental-research/                     6 

applied at a significance level of p<0.05 for the 

determination of significance difference among 

the treatment means. All conducted tests were 

carried out with three replicates. 

3. Results and discussion 

3.1. Phytotoxicity of lead on germination, 

growth and chlorophyll contents 

Data showed that gradual increased in lead 

concentrations significantly (p<0.05) reduced 

seed germination at 1000 mg Pb kg-1 in all plant 

species as compared to control (Table 4). Under 

1000 mg Pb kg-1 treatment, the reduced values 

for germination percentage were found in A. 

sativa (85%) followed by A. esculentus (75%), G. 

abyssinica (75%) and G. max (65%). The 

reduction of seed germination was related with 

the severe lead toxicity that interfered with the 

protease and amylase enzymes activities and 

breakdown the stored food materials in seed 

(Sengar et al., 2009). The results of present 

study for decrease rate of seed germination in 

plants due to increased levels of lead treatments 

were in accordance with the previous studies 

(Kopittke et al., 2007). 

 

Tables 4. Phytotoxic effects of lead on germination and growth parameters of four plants species. 

Plant species 

Pb 

applied 
Germination Root length Shoot length Root fresh weight Shoot fresh weight Root dry weight Shoot dry weight 

mg kg-1  
 

% 
 

 
 

cm plant-1 
   

g plant-1 
 

       

A. esculentus 

0 
100.00a ± 0.00 19.00a ± 2.00 128.00a ± 4.00 15.00a ± 3.61 42.43a ± 1.50 9.77a ± 1.08 18.73a ± 1.10 

100 100.00a ± 0.00 18.10ab ± 3.00 123.67ab ± 7.10 14.40a ± 2.12 38.50b ± 1.50 9.20ab ± 1.75 17.47ab ± 1.50 

200 95.00ab ± 5.00 17.47abc ± 1.50 122.33ab ± 10.02 13.47a ± 3.11 37.77bc ± 2.04 8.87ab ± 2.01 16.80abc ± 1.20 

400 100.00a ± 0.00 16.40abc ± 1.51 118.00abc ± 4.00 13.63a ± 0.55 35.13cd ± 1.03 8.00ab ± 1.00 16.00bcd ± 2.00 

600 90.00ab ± 5.00 15.47bc ± 1.50 115.33bc ± 4.51 13.37a ± 1.52 34.27de ± 2.05 7.50ab ± 0.50 15.50bcd ± 0.50 

800 
85.00bc ± 10.00 14.57c ± 0.51 116.00abc ± 4.00 12.47a ± 0.50 32.00e ± 1.00 7.53ab ± 0.50 15.03cd ± 1.00 

1000 75.00c ± 10.00 14.70c ± 1.25 109.00c  ± 7.94 11.53a ± 1.50 29.00f ± 2.00 7.00b ± 1.00 14.10d ± 0.90 

A. sativa 

0 100.00a ± 0.00 14.23a ± 1.75 115.00a ± 2.00 12.07a ± 1.01 38.97a ± 2.01 9.73a ± 2.00 15.67a ± 2.52 

100 
95.00ab ± 5.00 13.80ab ± 1.06 114.00a ± 6.00 11.77ab ± 1.25 37.37a ± 1.51 9.63a ± 2.92 15.47a ± 1.50 

200 95.00ab ± 5.00 13.07abc ± 0.90 111.00ab ± 6.00 11.40ab ± 1.51 36.47ab ± 1.50 9.53a ± 2.25 14.80ab ± 1.20 

400 90.00ab ± 5.00 12.27abc ± 1.55 108.00ab ± 3.00 11.37ab ± 1.512 34.40b ± 1.51 8.00a ± 1.00 13.40abc ± 1.51 

600 95.00ab ± 5.00 12.23abc ± 0.68 104.33bc ± 2.08 10.47ab ± 0.50 31.60c ± 1.51 7.60a ± 1.22 12.93abc ± 1.01 

800 
90.00ab ± 5.00 11.30c ± 0.61 104.67bc ± 5.03 10.13ab ± 0.75 29.47c ± 1.50 7.77a ± 1.97 12.13bc ± 0.85 

1000 85.00b ± 10.00 11.61bc ± 1.20 99.00c ± 1.00 9.73b ± 1.10 25.60d ± 0.53 7.27a ± 1.62 11.47c ± 1.50 

G. abyssinica 

0 100.00a ± 0.00 13.70a ± 1.47 100.00a ± 2.00 10.70a ±  0.30 32.00a ± 2.00 7.80a ± 1.20 14.73a ± 1.30 

100 
100.00a ± 0.00 11.53ab ± 2.50 88.33ab ± 5.03 9.23ab ± 1.70 28.33a ± 3.52 6.50ab ± 0.50 13.33a ± 1.53 

200 
95.00ab ± 5.00 10.60ab ± 1.51 82.33bc ± 9.29 8.20ab ± 0.75 23.00b ± 2.00 5.40ab ± 2.12 10.73b ± 0.31 

400 95.00ab ± 5.00 10.07ab ± 3.00 78.67bc ±  7.77 6.77b ± 0.25 20.33bc ± 2.08 4.53ab ± 3.14 8.97bc ± 2.00 

600 90.00ab ± 5.00 8.97ab ± 2.63 76.00bcd± 9.64 8.00ab ± 4.58 18.33bc ± 3.06 3.47b ± 2.16 8.03cd ± 1.00 

800 
85.00bc ± 10.00 8.37b ± 3.07 68.00cd ± 8.89 6.17b ± 0.80 16.33c ± 3.06 3.33b ± 2.08 6.47de ± 0.50 

1000 75.00b ± 10.00 7.17b ± 2.75 61.67d ± 14.57 5.90b ± 1.01 15.53c ± 3.14 2.80b ± 1.59 5.50e ± 1.50 

G. max 

0 100.00a ± 0.00 35.00a ± 5.00 88.00a ± 3.00 26.33a ± 5.69 28.00a ± 3.00 12.67a ± 4.62 13.47a±2.50 

100 95.00a ± 5.00 32.00ab ± 3.00 82.00a ± 3.00 21.00ab ± 2.65 24.00b ± 1.00 11.33a ± 4.93 11.80ab±1.20 

200 90.00ab ± 5.00 28.00bc ± 3.00 78.00ab ± 4.00 20.00bc  ± 3.61 21.00bc ± 1.00 9.67a ± 4.73 10.00bc±1.00 

400 90.00ab ± 10.00 25.00c ± 2.00 71.00bc ± 4.00 17.00bcd ± 4.58 19.00cd ± 2.00 7.33a ± 3.51 9.43bcd±1.50 

600 80.00bc ± 5.00 24.00c ± 2.00 66.00cd ± 4.00 16.00bcd ± 2.00 16.33de ± 0.58 6.33a ± 3.51 8.53cd± 0.50 

800 75.00cd ± 5.00 24.77c ± 2.04 61.33cd ±  10.26 14.00cd ± 1.00 15.00e ± 2.00 5.43a ± 3.50 7.80cd± 0.20 

1000 65.00d ± 10.00 23.00c ± 2.00 58.00d ± 7.55 13.33d ± 1.53 14.00e ± 2.00 4.87a ± 3.00 7.13d ±1.85 

 

Similar letters in same column are statistically non-significant according to Duncan’s Multiple Range Test (p < 0.05), Data are means (n = 3 ±SD), 
a
 in superscript represent significantly highest 

followed by later alphabets for lower means, N.G = No growth. 

Lead contamination showed a significant 

(p<0.05) negative impacts on growth parameters 

in all plants species. The growth parameters i.e., 

root and shoot lengths, root and shoot fresh 

weights, root and shoot dry weights were all 

reduced with an increased lead concentration in 

tested plants species (Table 4). The maximum 

value for growth parameters were found at 

control whereas, minimum values were 

observed at 1000 mg Pb kg-1 in all plant species, 

indicated that lead at higher treatment levels 

inhibited plants growth. Among the four plant 

species, A. esculentus showed better growth 

while the growth was adversely affected in G. 
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abyssinica at all lead treatment levels. The 

higher concentrations of lead were induced 

several alterations in plants growth parameters. 

Literature has reported that the root and shoot 

lengths were adversely affected under the toxic 

influenced of lead (Gopal and Rizvi 2008). The 

capacity of plants root for the absorption of water 

and nutrients from soil were directly affected with 

increased lead concentrations that were 

indirectly affected growth and development of 

seedlings (Kopittke et al. 2007). The disturbed 

metabolic activities of plants were also related 

with the increased lead concentration that 

reduced the uptake of essential mineral nutrients 

from soil and in turns adversely affected the 

biomass of plants (Gopal and Rizvi 2008). 

With an increased in lead concentrations the 

growth parameters were adversely affected in 

four plant species (Table 5). For lead treated 

soil, the tolerance indices (TIs) in terms of plant 

growth parameters i.e., root and shoot length, 

root fresh weight, shoot fresh weight, root dry 

weight and shoot dry weight were significantly 

(p<0.05) higher in A. sativa than A. esculentus, 

C. tetragonoloba, G. abyssinica, G. max and S. 

indicum from 100 to 1000 mg Pb kg-1 . For 

phytoremediation and subsequently for metal 

accumulation, the tolerance of heavy metals in 

plants were considered as fundamental factor 

(Tong et al., 2004). Literature has reported 

several mechanisms for heavy metal tolerance 

in plants for instance the exclusion and  inclusion 

(Raskin et al., 2000), cell wall binding, active 

transport of ions into the vacuole, formation of 

metal complexes as well as chelation by the 

inference of metal-binding peptides (Memon and 

Schroder, 2009). The growth of plants towards 

metal stress represented the important factor of 

agricultural indices in terms of metal tolerance 

(Monni et al., 2000). The plants with tolerance 

index values low (< 1) were faced heavy metal 

stress together with reduced biomass. While, the 

plants with tolerance index values higher (> 1) 

were supposed to be more tolerant with greater 

biomass. However, the plant species with 

tolerance index values equals to 1 were not 

affected by metal stress (Audet and Charest, 

2007). 

 

Tables 5. Effect of lead stress on the tolerance indices (TIs) of four plants species. 

Plant species Pb applied 
Tolerance indices 

Root length Shoot length Root fresh weight Shoot fresh weight Root dry weight Shoot dry weight 

 mg kg-1 
 

% 
 

  

A. esculentus 

100 94.85a ± 6.02 96.56a ± 2.64 97.66a ± 10.36 90.72a ± 0.42 93.73a ± 9.06 93.16a ± 3.71 

200 92.06ab ± 1.87 95.48ab ± 5.16 89.93a ± 1.01 88.96a ± 1.69 90.08ab ± 11.30 89.66ab ± 2.84 

400 86.40bc ± 1.60 92.18ab ± 0.24 94.28a ± 21.19 82.81b ± 0.94 81.87abc ± 4.12 85.23bc ± 6.54 

600 
81.45cd ± 0.78 90.09bc ± 0.73 91.43a ± 15.30 80.71c ± 2.32 77.05bc ± 4.01 82.83bc ± 2.62 

800 77.05d ± 5.47 90.62b ± 0.29 86.27a ± 19.94 75.42c ± 0.36 77.41bc ± 4.51 80.25cd ± 2.60 

1000 77.48d ± 1.70 85.09c ± 3.85 78.54a ± 10.71 68.29d ± 2.31 71.55c ± 4.42 75.27d ± 2.08 

A. sativa 

100 97.37a ± 5.75 99.09a ± 3.49 97.39a ± 2.35 95.93a ± 1.19 97.85a ± 9.81 99.46a ± 7.18 

200 92.47ab ± 10.02 96.48ab ± 3.54 94.24ab ± 5.01 93.62b ± 0.96 97.56a ± 4.22 95.33ab ± 8.24 

400 
86.20ab ± 2.67 93.90bc ± 0.97 93.96ab ± 5.23 88.30c ± 0.77 83.08b ± 7.22 86.05bc ± 5.44 

600 86.54ab ± 8.21 90.72c ± 0.53 86.92bc ± 3.47 81.11d ± 0.63 78.57b ± 4.02 83.36bc ± 7.83 

800 79.92b ± 7.05 90.98c ± 2.80 84.10c ± 4.36 75.62e ± 0.05 79.31b ± 3.51 78.26c ± 7.70 

1000 81.86b ± 5.86 86.10d ± 1.31 80.64c ± 5.33 65.77f ± 2.13 74.50b ± 3.55 73.46c ± 3.03 

G. abyssinica 

100 84.50a ± 17.55 88.40a ± 6.18 86.04a ± 13.49 88.32a ± 5.44 84.01a ± 6.59 90.38a ± 3.04 

200 77.85a ± 12.62 82.44ab ± 10.39 76.54a ± 4.91 71.80b ± 1.77 67.57ab ± 19.17 73.11b ± 4.43 

400 73.65a ± 20.52 78.76ab ± 8.85 63.23a ± 0.632 63.44bc ± 3.017 54.91ab ± 34.56 60.37c ± 8.26 

600 66.00a ± 20.49 76.12ab ± 10.76 74.02a ± 40.55 57.05cd ± 6.22 42.37ab ± 23.58 54.41c ± 2.03 

800 61.42a ± 22.28 68.10ab ± 9.82 57.52a ± 5.87 50.78d ± 6.59 40.66b ± 22.19 43.92d ± 0.78 

1000 52.94a ± 21.72 61.84b ± 15.40 54.99a ± 7.92 48.27d ± 7.18 34.40b ± 16.67 36.92d ± 6.95 

G. max 

100 91.86a ± 4.60 93.33a ± 6.59 80.92a ± 8.16 86.12a ± 5.69 88.15a ± 7.40 88.56a ± 7.57 

200 80.28b ± 2.93 88.81ab ± 7.58 76.40a ± 3.15 75.32b ± 4.52 74.44ab ± 12.62 75.07b ± 6.55 

400 71.87a ± 4.60 80.85abc ± 7.31 64.01b ± 3.88 67.87c ± 0.13 57.04bc ± 15.41 70.29bc ± 2.13 

600 68.97a ± 4.18 75.16bc ± 7.11 61.74b ± 7.17 58.66d ± 4.77 48.52bc ± 16.19 64.39bcd  ± 8.24 

800 71.20a ± 4.83 70.01c ± 13.90 54.46b ± 9.16 53.47de ± 1.42 41.00c ± 18.25 59.10cd ± 9.58 

1000 66.07a ± 3.76 66.15c ± 10.79 51.61b ± 7.34 49.87e  ± 1.81 36.81c ± 14.58 52.47d ± 4.06 

Similar letters in same column are statistically non-significant according to Duncan’s Multiple Range Test (p < 0.05), Data are means (n = 3 ±SD), 
a
 in superscript represent significantly highest 

followed by later alphabets for lower means, N.A = Not available. 
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Chlorophyll a, b and total (a+b) contents were 

significantly decreased in response to increased 

lead concentration (Figure 1). The maximum 

chlorophyll contents (a, b and total mg g-1 FW) 

were found at control (0 mg Pb kg-1) in all tested 

plant species. The increased lead treatment 

brought about a marked depression of 

photosynthetic pigment in all plants. The highest 

reduction of chlorophyll contents were observed 

in G. abyssinica followed by G. max, A. 

esculentus and A. sativa at 1000 mg Pb kg-1. 

Literature reported that the increased level of 

ROS generation were associated with the 

increased levels of lead that decreased the rate 

of photosynthetic pigment in plants as a 

consequence of peroxidation of chloroplast 

membranes (Srinivasan et al., 2014). The 

excess supply of lead in plants were interfered 

with the chlorophyll biosynthesis process that 

impaired the uptake of essential elements 

required for photosynthetic pigment for instance 

magnesium, potassium, calcium and iron (Gopal 

and Rizvi 2008) and replaced with lead that has 

resulted in the reduction of chlorophyll pigments 

(Cenkci et al. 2010). 

 

Figure 1. Effect of Pb stress on photosynthetic pigments chlorophyll-a (a) chlorophyll-b (b) and total 

chlorophyll (a+b) (c), on four plant species after 12 weeks of growth in soil medium with varying 

concentrations of applied Pb. Bars with the similar letters are statistically non-significant according 

to Duncan’s Multiple Range Test (p<0.05), Data are means (n = 3 ± SD), a in superscript represent 

significantly highest followed by later alphabets for lower means. 
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3.2. Distribution of lead in different plant 

parts 

For the decontamination of metal polluted soil by 

various plants species, the distribution of heavy 

metals in plant tissues i.e., root, stem leaves and 

pod / fruit were determined. The lead 

concentration in different parts of the tested 

plants species were presented in figure 2. 

Generally, the concentration of lead in all plant 

parts i.e., root, stem leaves and pod / fruit were 

increased with an increased lead concentration 

in soil. At 1000 mg Pb kg-1, maximum lead 

concentration was found primarily in the root 

followed by stem, leaf and pod / fruit of all tested 

plant species. Past studies has reported that the 

phytoremediation efficiency of plants were 

depended on tolerance for heavy metals and 

metal bioavailability in soil for uptake, 

distribution and translocation to different plant 

parts (Seregin and Ivanov 2001). The 

distribution of heavy metals varied from one 

plant to another with in the same genus (Rohan 

et al. 2013). Literature suggested that the 

distribution of heavy metals in various tissues of 

plants were considered an important aspect of 

phytoremediation that showed the absorption 

and translocation capability of plants species for 

particular element (Seregin and Ivanov 2001).  

 

 

Figure 2. Lead concentrations in root, stem, leaf, and pod/fruit of four plant species after 12 weeks 

of growth in soil medium with varying concentrations of applied Pb. Bars with the similar letters are 

statistically non-significant according to Duncan’s Multiple Range Test (p<0.05), Data are means (n 

= 3 ± SD), a in superscript represent significantly highest followed by later alphabets for lower means. 

 

3.3. Accumulation of lead in plant roots and 

shoots  

With increasing lead concentration, the amount 

of lead accumulated in plant roots and shoots 

were also increased (Figure 3). Among the four 

plant species, the highest lead accumulation in 

roots and shoots were found in A. sativa from 

600 – 1000 mg Pb kg-1, whereas minimum were 

observed in G. abyssinica at all lead treatments. 

The results showed that A. sativa was the most 

effective plant to removed lead from 

contaminated soil than other plants species 
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especially at higher lead concentration i.e., 1000 

mg Pb kg-1. The heavy metals accumulation in 

harvestable parts of plants were considered as 

one of the factors that determined the capability 

of plant for phytoremediation and affected its 

remediation efficiency (Hanen et al. 2010). 

Previous studies reported that plants with high 

metal tolerance and accumulation potential were 

more suitable for successive phytoremediation 

(Salt et al., 1998). Literature suggested that 

there were two major factors on which metal 

accumulation potential of plant were depended 

for instance the concentration of heavy metals in 

soil as well as biomass of plant (Sun et al., 2009; 

Yue-bing et al., 2009; Vymazal 2016) for the 

measurements of accurate metal quantity.  

 

 

Figure 3. Accumulation of Pb in root (a) and shoot (b) of four plant species after 12 weeks of growth 

in soil medium with varying concentrations of applied Pb. Bars with the similar letters are statistically 

non-significant according to Duncan’s Multiple Range Test (p<0.05), Data are means (n = 3 ± SD), 
a in superscript represent significantly highest followed by later alphabets for lower means. 

 

3.4. Phytoremediation efficiency of plants  

Among the tested plant species, both A. sativa 

and A. esculentus had BCF values > 1 from 100 

– 800 mg Pb kg-1 except 1000 mg Pb kg-1 while, 

in G. max the BCF values > 1 from 100 – 600 mg 

Pb kg-1 except at higher lead level i.e., 800 and 
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1000 mg Pb kg-1. However, in G. abyssinica the 

BCF, BAC and TF values < 1 at all lead 

treatments, suggested that the studied plants 

species had lower capacity to transport lead 

from roots to shoots. The results demonstrated 

that among tested plants species A. sativa, A. 

esculentus and G. max were suitable candidates 

for lead phytostablization (Table 6). In contrast, 

G. abyssinica had BAC and TF values < 1 at all 

lead treatments signified that they were not 

suitable for prospective lead phytoremediation. 

The uptake indices used for phytoremediation 

purpose such as bioconcentration factor (BCF), 

bioaccumulation coefficient (BAC) and 

translocation factor (TF) has considered an 

important factors that were used for the 

determination plants capability for heavy metals 

extraction and transferred from polluted soil to 

the above-ground parts (McGrath and Zhao 

2003; Odjegba and Fasidi, 2007; Yoon et al. 

2006; Cui et al. 2007; Li et al. 2007).  The criteria 

reported in literature were suggested that plants 

with all three factors for instance the 

bioconcentration factor (BCF), bioaccumulation 

coefficient (BAC) and translocation factor (TF) 

values greater (> 1) were good phytoextractor 

and suitable for phytoextraction whereas, plants 

with bioconcentration factor (BCF) and 

translocation factor (TF) values lower (< 1) were 

not suitable for phytoextraction (Fitz and 

Wenzel, 2002). Following the criteria, the plants 

with bioconcentration factor (BCF) values 

greater (> 1) and translocation factor (TF) values 

lower (< 1) were good phytostabilzer and 

suitable for prospective phytostabilziation 

(Mendez and Maier, 2008). 

 

Table 6. Bioconcentration factor (BCF), bioaccumulation coefficient (BAC) and translocation 
factor (TF) for lead in four plants species. 
 

Plant species 
Pb concentration 

applied 
BCF BAC TF 

 
mg kg-1  

A.esculentus 

100 1.12a ± 0.19 0.73a ± 0.07 0.66a ± 0.06 

200 1.16a ± 0.48 0.57b ± 0.05 0.56ab ± 0.26 

400 1.12a ± 0.14 0.37b ± 0.12 0.32b ± 0.08 

600 1.04a ± 0.03 0.39b ± 0.15 0.37b ± 0.14 

800 1.01a ± 0.01 0.38b ± 0.09 0.38b ± 0.09 

1000 0.88a ± 0.03 0.37b ± 0.01 0.42ab ± 0.02 

A. sativa 

100 2.03a ± 0.75 0.90a ± 0.12 0.50a ± 0.26 

200 1.98a ± 0.43 0.66b ± 0.05 0.35a ± 0.10 

400 1.58ab ± 0.38 0.47c ± 0.03 0.31a ± 0.09 

600 1.31ab ± 0.19 0.53c ± 0.02 0.41a ± 0.06 

800 1.18b ± 0.17 0.48c ± 0.04 0.41a ± 0.03 

1000 0.94b ± 0.05 0.47c ± 0.10 0.50a ± 0.13 

G. abyssinica 

100 0.81a ± 0.10 0.13a ± 0.06 0.16d ± 0.05 

200 0.52b ± 0.19 0.13ab ± 0.03 0.26bc ± 0.05 

400 0.37bc ± 0.09 0.11ab ± 0.03 0.29abc ± 0.03 

600 0.32c ± 0.05 0.07ab ± 0.03 0.22cd ± 0.05 

800 0.22c ± 0.01 0.08ab ± 0.02 0.36a ± 0.06 

1000 0.20c ± 0.03 0.07b ± 0.01 0.33ab ± 0.02 

G. max 

100 1.07a ± 0.18 0.50a ± 0.09 0.47a ± 0.03 

200 1.02a ± 0.08 0.42b ± 0.05 0.40bc ± 0.02 

400 1.02a ± 0.10 0.35b ± 0.03 0.35d ± 0.01 

600 1.01a ± 0.02 0.37b ± 0.04 0.36cd ± 0.03 

800 0.91ab ± 0.09 0.37b ± 0.02 0.40bc ± 0.03 

1000 0.79b ± 0.08 0.34b ± 0.01 0.43ab ± 0.03 

 

Similar letters in same column are statistically non-significant according to Duncan’s Multiple Range Test (p < 0.05), Data are means (n = 3 ±SD), 
a
 in superscript 

represent significantly highest followed by later alphabets for lower means, N.A = Not available. 

3.5. Phytoremediation ratio (%)  After 12 weeks of phytoremediation experiment, 

results showed that as the heavy metal 
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concentrations increased the PRs (%) values 

were decreased. The phytoremediation ratios 

(PRs) for the four plant species grown under 

different lead treated soil were reported in figure 

4. For lead, the highest PR values were found in 

A. sativa (3.35%) followed by A. esculentus 

(2.30%), G. max (1.80%) and G. abyssinica 

(0.70%) at 100 mg Pb kg-1. However, the PR (%) 

values decreased by 1.22%, 1.14%, 0.62% and 

0.09% for A. sativa, A. esculentus, G. max and 

G. abyssinica at 1000 mg Pb kg-1, respectively. 

Previous studies reported that the heavy metals 

removal efficiency in plants from contaminated 

soil were mainly depended on biomass 

production and the distribution of metal in 

different tissues (Ciura et al., 2005). For 

phytoremediation, the plants with high capability 

to grow fast, developed more biomass, easy to 

cultivate and harvested were suitable (Tong et 

al., 2004). 

 

 

Figure 4. Phytoremediation ratio (%) of four plant species after 12 weeks of growth in soil medium 

with varying concentrations of applied Pb. Bars with the similar letters are statistically non-significant 

according to Duncan’s Multiple Range Test (p<0.05), Data are means (n = 3 ± SD), a in superscript 

represent significantly highest followed by later alphabets for lower means. 

 

4. Conclusion 

The results obtained from the remediation of 

lead contaminated soil were concluded that the 

germination, growth parameters and chlorophyll 

contents were significantly (p<0.05) higher in A. 

sativa under high lead stress among the four 

plant species. Significant highest lead uptake 

and accumulation were found in roots and 

shoots of A. sativa. Bioconcentration factor, 

bioaccumulation coefficient, translocation factor 

and phytoremdiation ratio were suggested that 

A. sativa being more tolerant and high 

accumulation potential was considered an 

efficient plant for prospective phytostabilization 

of Pb contaminated soil. 
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