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Abstract 
The potential of Amaranthus caudatus as a phytoremediating agent was studied, using lead spiked soil to grow 
the plants. The effect of the concentration of lead on plant growth was studied. The main aim of the study was to 
assess the accumulation of lead (Pb) in different compartments of the plant. The plants were grown in soils 
treated with solutions corresponding to 25, 50, 75 and 100 ppm of Pb. The plants were than separated into roots, 
stems and leaves and dried at 600C in a convection oven for 48 hours.The metals from the plant were extracted 
using wet digestion process. Pearson’s coefficient correlation analysis was used to measure the relationship 
between Pb concentration in the soil and in plant tissues. The highest concentration was recorded in the roots of 
plants at 50 ppm concentration. A. Caudatus plants exposed to 25 ppm of Pb showed highest increase in root and 
stem growth. The lowest root growth was observed in plants exposed to 100 ppm of Pb. There is a negative 
relationship between the concentration of Pb in the soil and that in the above ground plant tissues. 
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1. Introduction 

The increasing urbanization coupled with the exponential growth of human population over the past 30 years 
have resulted in environmental build-up of waste products, of which heavy metals are of particular concern. 
Lead(Pb) is an important heavy metal posing threats to environmental quality and human health, because it is 
being used for a wide range of industrial, urban and agricultural applications (Appel and Ma, 2002). 
Conventional methods applied to clean up Pb from the environment are mostly expensive and in some cases 
harmful to the environment (Opeolu et al; 2005). 
Phytoremediation is the use of plants to clean up a contamination from soils, sediments or water. This 
technology is environmental friendly and cost effective (Tangahu et al; 2011). Successful phytoremediation 
require plants that are capable of producing high biomass, while accumulating large amounts of heavy metals 
(Tu et al; 2002). Vegetables of the family Amaranthaceae have been found to absorb Pb from the soil (Yusuf et 
al; 2002, Opeolu et al., 2005 and Mellem, 2008). 

Amaranthus caudatus, is a popular edible plant in Nigeria with high nutritional value (Odegba and Sadiq, 2002). 
This plant was chosen because it was widely cultivated all year round and can attain maturity within a number of 
days. The aim of the study is to assess the accumulation of Pb in different compartments of the plant. And to 
examine the effect of Pb concentration on the growth of the plant. 

2. Methodology 

2.1 Growing A. caudatus plants 
The inflorescences of A. caudatus were collected from a vegetable garden in Kano. The seeds were removed and 
stored in plastic bottles. The seeds were allowed to germinate for one week in potting soil. The soil collected had 
a loam texture, with the following physico – chemical parameters; pH 7.07, moisture contents 16% Potassium; 
125 ppm, Phosphorus 92 ppm, Calcium 1290 ppm, Magnesium 760 ppm, Sodium 102 ppm, Lead 12ppm. 
Twenty uniform seedlings all having reached a 5 leaf stage in growth were planted at uniform distances apart in 
pots and placed in a green house. 
2.2 In vitro metal exposure 
Lead nitrate [Pb (NO312)] was used to prepare solution that was used to spike (treat) the soil, for the culture 
experiments. Soil treated with solutions corresponding to 25, 50, 75 and 100 ppm of Pb was prepared. And 
twenty seedlings were transplanted on separate pots and an untreated pot was used as a control. The pots were 
placed in trays to prevent any leachate from being lost. (Giordani et al., 2005) 
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2.3 Metal analysis  
Three plants from each treatment were harvested after 5 days without damaging the roots and revised in distilled 
water. The plants were than separated into roots, stems and leaves and dried at 600C in a convection oven for 48 
hours. 
The metals from the plant were extracted using wet digestion process described by Wang et al., (1999). 
2.4 Data Analysis 
Pearson’s coefficient correlation analysis was used to measure the relationship between Pb concentration in the 
soil and in plant tissues.  
 

3. Results and discussion 
The growth response of A, caudatus, at five leaf stage is presented in fig. 1 and 2. The concentration of Pb in 
plant parts ranged from 2ppm to 172ppm (Table 1). 
The highest concentration was recorded in the roots of plants at 50 ppm concentration. The concentration was 
generally higher in roots than in other parts of the plant. This is possibly because of low translocation from roots 
to shoots. Results from studies with other species also revealed similar pattern. Malkowski et al., (2002) 
observed same in maize. A few plant species have been reported to accumulate Pb to high concentrations in the 
aerial parts. These plants are called hyperaccumulators (Jarvis and Leung, 2002).  
The highest bioaccumulation factor was recorded in plants exposed to 50 ppm concentration of Pb. It was 
therefore evident from the results that the ability of the plant to take up Pb from the soil optimally is only 
possible at 50 ppm, which has a bioconcentration factor of 2.6.  
Plants exposed to 100 ppm of Pb showed highest concentration in leaves relative to other concentrations. This is 
because plants have limited ability to transport Pb to aerial parts. Similar results were observed in Thlaspi 
rotundifolium and Thlaspi caerulescens by Reeves and Brooks, (1983). 
A. Caudatus plants exposed to 25 ppm of Pb showed highest increase in root and stem growth. This is because at 
higher doses of Pb, growth rate of plants is slowed. This finding is similar to the observation made by Kibria et 
al., (2010) and Kopittke et al., (2007). Nehnevajova (2005) reported reduction in dry weight of cowpea and 
sunflower respectively with increase in dose of Pb.   
The lowest root growth was observed in plants exposed to 100 ppm of Pb. This is probably because high doses 
of Pb might inhibit growth in plants. In a similar study on A. dubius it was observed that plants exposed to Pb at 
25 and 75 ppm showed uniform growth rate and slightly lower growth rate at 100 pmm (Mellem, 2008). 
There is a negative relationship between the concentration of Pb in the soil and that in the stem and leaves. 
However the relationship with the roots is positive (Table 2). 
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Table 1. Concentration of Pb in plant parts 
Pb Conc. Root Stem Leaves Bcf 
25ppm 14 ± 4 8 ± 1 9 ± 1 1.2 
50 ppm 172 ± 3 29 ± 4 13 ± 2 2.6 
75 ppm 125 ± 2 19 ± 2 6 ± 1 2.0 
100 ppm 32 ± 2 12 ± 1 14 ± 2 0.5 
 Control 3 ± 1 2 ± 1 2 ± 1 0.1 
 
Table 2. Correlation coefficient between concentrations of Pb in soil and in plant compartments. 

Pb Conc. Root Stem Leaf 
25 ppm 0.912** 0.331 0.179 
50 ppm 0.925** 0.445* 0.345 
75 ppm 0.929** 0.402* 0.191 
100 ppm 0.936** 0.329 0.399 
Control 0.311 0.219 0.192 

** Highly significant 

 

Figure 1. Root length of A. caudatus at day twenty 
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Figure 2. Stem length of A. caudatus at day twenty 
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