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Abstract - The present study was designed to identify the 

naturally enhanced phytoextraction potential using different 

weed species Phyllanthus niruri, Acharanthes aspera, 

Amaranthus virdis, Acalypha indica and Abutilon indicum. The 

physiochemical parameters and heavy metals in soil and plant 

samples were determined. Results revealed that all sampling 

plants have relatively good Bioconcentration Factor more 

than 1 and low Translocation factor less than 1. Except 

Abultilon indicum , Acalypha indica and Amaranthus virdis, 

none of other test plant species suitable for phytoextraction 

but all test plant species having relative good 

Bioconcentration Factor more than 1. It can conclude that all 

the sampling plant species could not reach the standard of 

hyper accumulator for all metals. Test plant species such as 

Abultilon indicum,  Acalypha indica and Amaranthus virdis  

are suitable for phytoextraction of cadmium, lead and 

chromium contaminated soils respectively. 
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I. INTRODUCTION 
 

 Discharge of organic and inorganic waste by the 

industries led to addition of toxic metal ions and 

contaminate agricultural ecosystems.[1-3].  In general, 

metal ions are very essential  for the maintenance of 

biological functions of all life systems however, the same 

metal present in excess produce errors in genetic 

information system and  responsible for alterations in 

chromosome structure, chromosome number etc. It may 

result in many cytotoxic effects on plant, animals and 

human beings [4].  At higher concentrations these metal 

ions effects germinations of seeds, stunted growth of 

plants, visible symptoms include chlorotic spots, 

senescence of leaf [5-7].  

Thus remediation of heavy metal contaminated soil is very 

essential for ecological balance. At present, there are 

various physical, chemical and biological methods 

available. However, these developed technologies are 

expensive and often take long time for remediation. Usage 

of plants for the removal of heavy metals is not new and it 

is called as phytoremediation which can be considered as 

feasible, ecofriendly and widely accepted technology which 

is cost effective and reliable.  

 Many researches concentrating and paying 

attention on phytoremediation for the remediation of heavy 

metals [8]. In this world there are many plant are there 

which can consider as hyper accumulators [9]. The term 

hyper accumulators was coined for plant which can 

actively take up excess amounts of one or more heavy 

metal translocated to shoot and above ground organs from 

soil. There are 400 different species of known hyper 

accumulator are there which can contain more than 0.1% of 

Ni, Co, Cu, Cr and Pb in its leaves with irrespective of 

metal concentration in soil. Plant can grow in adverse 

environmental conditions and do not show any symptoms 

of phytotoxicity [10-14].  

 Therefore, the plant selected for the remediation 

must be able to tolerate all environmental conditions such 

as low temperature, low sun light, poor drainage, 

unproductive soil and chemicals from different sources. 

Thus, various researchers investigated and highlighted that 

weed species are having highly tolerable and adoptable to 

adverse environmental conditions and suitable for 

restoration of contaminated soils. One of the crucial factor 

to consider weed are suitable for remediation is rather than 

other crops weeds can easily grow and tolerate adverse 

conditions. In this present study five different families of 

weed species such as Phyllanthus niruri, Acharanthes 

aspera, Amaranthus virdis, Acalypha indica and Abutilon 

indicum have selected to identify the potential of metal up 

take. The main objective of the present study was to 

identify the potential of selected weed species belong to 

different families in accumulation and translocation of 

heavy metals from soils. 
 

II. METERIALS AND METHODS 

 Tirupati one of the most famous pilgrim city 

having major industries. The atmospheric conditions of 

these region posses high heat in summer and average cold 

in winter with moderate rainfall. The most dominant weed 

species Phyllanthus niruri, Acharanthes aspera, 

Amaranthus virdis, Acalypha indica and Abutilon indicum 

and their associated soils soil samples collected from 3 Km 

around the industries at 0-20km depth. The collected soil 

samples were sieved through 60mm and sieved material 

was stored for further analysis. The physiochemical 
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properties of the soil were determined by standards 

methods of APHA [15]. 1 gram of homogenized soil 

sample was collected and heavy metals were determined 

using acid digestion procedure [16-17]. Plant materials 

were oven-dried at 75°C and grounded to a fine powder. In 

this way, homogeneous samples were obtained for each 

plant organ approximately 0.2 gram of leaves and roots 

powder were weighed and digested according to method 

described by Allen [18]. Soil and plant samples were 

analyzed for heavy metals by AAS.  All the analyses were 

carried out on three subsamples. Chemicals, stock solutions 

and reagents were obtained from Merck and were of 

analytical grade. All glassware before use were washed 

with distilled water, soaked in nitric acid (30%) overnight, 

rinsed in demonized water and air-dried.  Biological 

Concentration Factor (BCF) was calculated as metal 

concentration ratio of plant roots to soil. Translocation 

Factor (TF) was described as ratio of heavy metals in plant 

shoot to that in plant root [19-20]. 

 

III.  RESULTS AND DISCUSSION 

 The soil pH (6.9) was determined in a mixture of 

soil and demonized water (1:2, w/v) with a glass electrode 

[21]. Total organic carbon (content was determined using 

the Walkey-Black wet oxidation [22], Total Nitrogen (1.0) 

was determined using the Kjeldhal method [23]. Total 

phosphorus (1.40) was determined calorimetrically. Total 

background cadmium concentration was determined using 

Atomic Absorption Spectrophotometer (Buck scientific, 

210 VGP). The electrical conductivity (EC) was measured 

by using digital meters (Elico, Model LI-120). 

Figure1 (a-e) showing weed species 

  

1(a) Phyllanthus niruri,    1(b)Acharanthes aspera 

  

1(c)Amaranthus virdis    1(d)Acalypha indica 
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1(e)Abutilon indicum 

Table (1) Cadmium uptake by weed species 

Cadmiumconcentration 

insoil (mg/kg-1) 

 

Phyllanthus 

niruri 

Acharanthes 

aspera 

Amaranthus 

virdis 

Acalypha 

indica 

 

Abutilon 

indicum 

 

Total 3.5±0.02 4±0.03 7.2±0.01 
 

6.4±0.04 4.2±0.02 

Root 1.2±0.01 1.5±0.01 3.5±0.01 3.2±0.05 1.9±0.03 

Shoot 1±0.03 1.2±0.05 2.4±0.03 2.2±0.02 1.7±0.02 

BCF of Shoot 2.0 2.7 2.1 2.0 2.2 

BCF of Root 3.5 3.3 3.0 2.9 2.5 

TF 0.8 0.8 0.9 0.7 0.8 

 

Results are means±SD(n=5) 

Table (2) Lead uptake by weed species 

Lead 

concentration 

insoil (mg/kg-

1) 

 

Phyllanthus 

niruri 

Acharanthes 

aspera 

Amaranthus 

virdis 

Acalypha 

indica 

 

Abutilon 

indicum 
 

Total 3.5±0.01 6.2±0.02 4.5±0.03 6±0.01 4.1±0.02 

Root 1.8±0.02 1.6±0.02 1.4±0.01 1.9±0.03 1.7±0.01 

Shoot 1.2±0.03 2.4±0.03 1.5±0.02 2.5±0.01 1.4±0.06 

BCF of Shoot 1.9 2.1 2.4 2.1 2.2 

BCF of Root 2.9 2.6 3.0 2.4 2.9 

TF 0.6 0.8 0.8 0.9 0.7 

 

Results are means±SD(n=5) 
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Table (3) Chromium uptake by weed species 

 Chromium 

concentration 

insoil (mg/kg-

1 ) 

 

Phyllanthus 

niruri 

Acharanthes 

aspera 

Amaranthus 

virdis 

Acalypha 

indica 

 

Abutilon 

indicum 
 

Total 2.8±0.06 2.9±0.02 4.7±0.05 4.9±0.04 3.5±0.06 

Root 1.2±0.02 1.2±0.03 2.4±0.02 2.2±0.03 1.5±0.04 

Shoot 1±0.01 1±0.04 2.2±0.01 2.1±0.02 1.2±0.03 

BCF of Shoot 2.3 2.9 2.4 2.2 3.5 

BCF of Root 2.8 2.4 2.1 2.3 2.3 

TF 0.8 0.9 0.9 0.9 0.8 

 

Results are means±SD(n=5 

 From the table (1) and Fig (2) it was clear that 

uptake of cadmium is more in root than in shoot and there 

was significant variation  on  all sampled weed species. In 

Phyllanthus niruri maximum concentration in shoot and 

root was 1.0 and 1.2mg/kg respectively. In Acharanthus 

aspera maximum concentration in shoot and root was 1.2 

and 1.5mg/kg respectively.  In Abultilon indicum maximum 

concentration in shoot and root was 2.4 and 3.5mg/kg 

respectively. In Acalypha indica maximum concentration in 

shoot and root was 2.2 and 3.2mg/kg respectively. In 

Amaranthus virdis maximum concentration in shoot and 

root was 1.7 and 1.9mg/kg respectively. It was shown that 

the maximum uptake was observed in roots than shoots 

among all test species. The sequence of uptake of cadmium 

among test plant species was Abultilon indicum>Acalypha 

indica>Amaranthus virdis>Acharanthus 

aspera>Phyllanthus niruri.  Abultilin indicum was shown 

highest up take of cadmium among all test plant species. 

 

 

Figure (2)Accumulation of cadmium in root and shoot of different weed species 
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Figure (3)Accumulation of lead in root and shoot of different weed species 

 

Figure (4)Accumulation of chromium in root and shoot of different weed species 

 

Table(2) and and Fig(3) shown that maximum uptake of 

lead was found in Acalypha indica.  In Phyllanthus niruri 

maximum concentration in shoot and root was 1.2 and 

1.8mg/kg respectively. In Acharanthus aspera maximum 

concentration in shoot and root was 2.4 and 2.8mg/kg 

respectively.  In Abultilon indicum maximum concentration 

in shoot and root was 1.5 and 1.9mg/kg respectively. In 

Acalypha indica maximum concentration in shoot and root 

was 2.5 and 2.9mg/kg respectively. In Amaranthus virdis 

maximum concentration in shoot and root was 1.4 and 

1.9mg/kg respectively. It was shown that the maximum 

uptake was observed in roots than shoots among all test 

species. The sequence of uptake of cadmium among test 

plant species was Acalypha indica>Acharanthus aspera> 

Abultilin indicum >Amaranthus virdis> Phyllanthus niruri.  

 Table (3) and Fig (4) shown that maximum uptake 

of chromium was found in Amaranthus virdis.  In 

Phyllanthus niruri maximum concentration in shoot and 

root was 1.2 and 1.0mg/kg respectively. In Acharanthus 

aspera maximum concentration in shoot and root was 1.0 

and 1.2mg/kg respectively.  In Abultilon indicum maximum 

concentration in shoot and root was 2 and 2.2mg/kg 

respectively. In Acalypha indica maximum concentration in 

shoot and root was 1.5and 1.0mg/kg respectively. In 

Amaranthus virdis maximum concentration in shoot and 

root was 2.2 and 2.4mg/kg respectively. It was shown that 
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the maximum uptake was observed in roots than shoots 

among all test species. The sequence of uptake of cadmium 

among test plant species was Amaranthus virdis> Acalypha 

indica > Abultilon indicum >Acharanthus aspera> 

Phyllanthus niruri.  

 Bioconcentration factor (BCF) was used to 

evaluate the efficiency of phytoextraction. In soil 

contaminated with cadmium, lead and chromium the 

Bioconcentration Factor in all the test plant species of root 

and shoot varied from 2.0 to 2.9 , 2.5 to 3.5 and 2.4 to 2.1 

respectively.. The result shown from Table (1-3) soils 

contaminated with cadmium, lead and chromium the 

maximum Bioconcentration Factor was found in Abultilin 

indicum, Acharanthus aspera and Abultilin indicum. The 

Bioconcentration Factor was more than 1 in all test plant 

species. 

 Translocation Factor is a measure of the ability of 

plants to transfer accumulated metals from the roots to the 

shoots. The translocation Factor in all the test plant species 

was in the range of 0.7 to 0.9, 0.6 to 0.9 and 0.8 to 1.5 in 

cadmium, lead and contaminated soils respectively. 

Translocation Factor below 1indicates the plant are not 

suitable for phytoextraction. Among all test plant species in 

cadmium, lead and chromium contaminated soils except 

Abultilon indicum , Acalypha indica and Amaranthus virdis  

none of them were suitable for phytoextraction but all of 

the test plant species were suitable for phytostabilization.  

IV. CONCLUSION 

 Plants with both Bioconcentration Factor and 

Translocation Factor greater than one (TF and BCF> 1) 

have the potential to be used in phytoextraction. Plants with 

Bioconcentration factor greater than one and translocation 

factor less than one (BCF> 1 and TF< 1) have the potential 

for phytostabilization [24]. By comparing BCF and TF, the 

ability of different plants in taking up metals from soils and 

translocating them to the shoots can be compared. Basing 

on results it was revealed that in cadmium, lead and 

chromium contaminated soils all sampling plants have 

relatively good bioconcentration Factor and low 

Translocation factor. Except Abultilon indicum, Acalypha 

indica and Amaranthus virdis  none of other test plant 

species suitable for phytoextraction but all test plant 

species having relative good bioconcentration Factor more 

than 1. It can conclude that all the sampling plant species 

could not reach the standard of hyper accumulator for all 

metals. Abultilon indicum is suitable for phytoextraction of 

cadmium contaminated soils, Acalypha indica is suitable 

forphytoextraction of lead contaminated soils and 

Amaranthus virdis is suitable for phytoextraction 

chromium contaminated soils. However, remaining test 

plant species are suitable for phytostabilization. Field trials 

are important to identify the hyper accumulators. 
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