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 Cadmium is a toxic, bivalent metal that can be absorbed into the food chain via plant 

tissues and poses a serious risk to human health and ecosystem function. The uptake of 
Cadmium was carried out in a green house using a completely randomized design with 

factorial arrangement. Those factors include two plants (Ricinus communis.L and 
Solanium nigrum.L and six levels of cadmium (0, 10, 20, 50, 100, 200 mg/kg). Plant 

harvested after 70 days of experiment in two times before cadmium on food chain was 

measured in terms of concentration ratio (CR). The result of the experiment showed 
that its amount was about 4.41 to 0.51 in S. nigrum and 5.1 to 0.97 in R. communis of 

plants. Cadmium uptake was from 9.84 to 14.6 (mg/pot) in R. communis and between 

0.34 to 0.57(mg/pot) in S. nigrum. The amount of absorption index for R. communis in 
each pot was estimated 43.79 to 47.48 and for S. nigrum 70.74 to 64.61. The data 

analysis indicated that behavior of these two plants has been somewhat different. In S. 

nigrum a high concentration of cadmium was coordinated with less biomass and 
Cadmium uptake (dry matter × concentration) is less than Castor because despite the 

low concentration of Cadmium in the shoots of the plant biomass is higher, therefore 

Phytoremediation efficiency of Castor is higher than Black Nightshade. High Cadmium 
uptake and biomass production of R. communis showed that it can be helpful in 

phytoremediation of cadmium contaminated soils. 
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INTRODUCTION 

 

 Heavy metals are currently of much environmental concern. They are harmful to human, animals and tend to 

bioaccumulate in the food chain. The threat that heavy metals pose to human is aggravated by their long term 

persistence in the environment [18]. Among the heavy metals, Cadmium (Cd) has been considered to be one of the 

most serious metal contaminants that have a very high mobility in soil-plant system [21]. Although Cd isn t 

necessary element for plant, the plants absorb this element from soil and concentrate it on different organs [20]. It 

is a difficult to clean up Cadmium contaminated soil. Current technologies include mechanical removal and 

chemical modifications are expensive for largely contaminated lands [26, 36]. In contrast, phytoremediation is a 

cost-effective and environmental friendly green technology that utilizes the capacity of hyperaccumulator plants to 

extract heavy metals from soil [9, 15, and 30]. It's plant species that can exceptionally accumulate high quantities 

of heavy metals. Much attention has been done to research about hyperaccumulators [3, 27]. Accumulation s 

ability, with kind of plant ُ  ُ s species, concentration and kind of heavy metal was different [17].They are able to 

do so partly by taking up the metals into their roots and partly by transporting the metals from the roots up into the 

leaves, where the metals are detoxified through being isolated inside the plant cells [23]. Much research is done on 

the cadmium uptake by plants in the world. The plant species: Clover, Mugwort seed, Bulrush, Millet, Legumes 

and Spinaches are capable of gathering quantities of metallic elements such as  Zn, Hg, Se, Cd and Cu; survive in 

conditions of high heavy metal elements pollution, and endure more than a trace metal element [1]. Till now, some 

hyperaccumulators have been comprehensively researchers such as the Cd and Zn hyperaccumulator Thlaspi 

carelessness [33], the arsenic hyperaccumulator pteris vittata [29] Cd and Zn hyperaccumulator Sedum alfredii 
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[11]. Solanium nigrum L. has been reported as a good candidates among the plant to accumulate and adsorb high 

concentration Cadmium [24]. 

 Researcher reported that, by highest rate of concentration which is used, maximum heavy metal concentration 

at plant tissues are viewed which this result was comparable with the report of others [13, 37]. These researchers 

mentioned that at soils containing 10-40 mg/kg Cadmium in soil, R. communis L. can accumulate cadmium in its 

tissue [10]. Growth of this plant at higher concentration more than 40 mg/kg Cd in soil decreased and the highest 

level of accumulation (4460.3 mg/kg) at concentration of 360 mg/kg happened not in 400 mg/kg, it means high 

concentration of Cd has affected on metabolism of R. communis L. So has decreased accumulation ability. At a 

study, different numbers ability of water-Spinach (Ipomoea aquatica Fork) in absorption and translocation of Cd 

and Pb at seven soil treatments was evaluated, which contained different lead and cadmium [34].  

 The difference in the ability of plants to accumulate metals may be due to qualitative and quantitative 

differences in root exudates which affect the uptake [25, 16]. Differential Cd uptake and distribution may be the 

result of difference among plant in the capacity to retain absorbed Cd in the roots or to variation in xylem loading 

or Cd retranslocation in the phloem [22]. Factors such as: root relations, aerial organs, root morphology, 

frequency, capacity, and metal absorption mechanisms are responsible for the high range of concentrations of Zn 

and Cd in different plants, and a great extent of the total amounts of Cd and Zn is non-absorbent [5].  

 In a study compared natural and chemical Phytoremediation using a pot experiment in this comparison, 

natural Phytoremediation was studied to extract Zinc and Cadmium by Thlaspi carelessness and Phytoremediation 

by corn in contaminated soil of an industrial area, and farm soil contaminated by sewage sludge [12]. In general, 

extraction of Cd and Zn by corn was much smaller than the Thlaspi carelessness. The solubility of metallic 

elements by the roots and their uptake by crops has increased. 

 Differences in the cadmium absorption by different scientists can be related to the differences in cultivation 

context, the type of studied soil, metal concentrations in soil, genetic and physiological characteristics of the 

studied plants. The present study aims to investigate the ability to absorb cadmium different treatment levels by 

two plants; Castor (Ricinus communis) and Black Nightshade (Solanium nigrum). It was carried out in pot 

cultivation under greenhouses condition. This study aims to compared the ability of Cadmium accumulation, 

determining the capacity, assess the effect of cadmium on growth; examine the possibility of using the studied 

plants to refine the elemental Cd in soil. In this study, the intended goals were done on two plants: R. communis 

and S. nigrum in pot-culture experiment.  

 

MATERIALS AND METHODS 

 

 The soil tested in this experiment, was collected from the Agricultural farm of the Faculty of Agriculture, 

Shahid Chamran University. Surface (0-20 cm) soil samples were ground to pass through a 4.0 mm mesh and used 

in the pot- culture experiment [30]. In order to contaminate the soil samples to different concentrations of Cd (0, 

10, 20, 50, 100, 200 mg/kg) appropriate amounts of CdCl2 +2.5 H2O were dissolved in distilled water [32]. Soil 

samples were spiked with the reagent containing Cd, filled into plastic pots (diameter=20 cm, height=20 cm, 2.5 

kg air-dried soil per pot) and equilibrated for 2 months. The experiment was done in a greenhouse as a Factorial 

experiment. The study was done in a completely randomized design, six levels of cadmium element (0, 10, 20, 50, 

100, 200 mg/kg) and two plants: Castor and Black Nightshade with three replications. The pot moisture in the 

experiment was kept constant at 70% field capacity. To keep the Cd concentration constant in the soil samples, 

water drainage outlet was returned to the pots. In order to avoid the effect of fertilizers and other factors [28]. No 

fertilizer was added in pot- culture experiment and it’s were grown under natural light. Loss of water by 

evaporation from pots was made up daily using tap water (no detection of elements). Then four seedlings of S. 

nigrum and R. communis with a similar growth stage, 3-4 cm height with 2-3 leaves were transplanted into the 

pots. Half of the plants were harvested in the first time (40 day after its seedling-transplanted phase) and another 

half in the second time (after 90 day when they reached their physiological maturity). They were picked from 1cm 

above the soil surface. Roots, stems and leaves were separated and plants were washed thoroughly with distilled 

water.  

 Then the plant samples were dried at 105 °C for 5 min, then at 70 °C in an Oven until dry. The dried plant 

samples were ground to a powder using a pestle without Cd on its surface and passed through a sieve. 

 Physical and chemical properties of soil were examined and background concentration of Cd and Pb in soil 

was determined. The total amount of Nitrogen in soil was measured using Kjeldahl method [2]. Soil electrical 

conductivity using a conductivity meter (Jenway 4310) [30] and soil pH was determined using a pH meter (Met 

Rohm 632) at soil to water ratio of 1:5[34]. Available phosphorous in soil was measured using Olsen method [16] 

and available potassium in Soil samples was extracted using normal Ammonium Acetate [6] and was determined 

using a Flame photometer (Jenway PFP 7). The amount of organic carbon in the soil was determined by Walkly 

and Black method [19]. 
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 Other physical and chemical properties of soil were tested and the background concentrations of heavy metals 

are listed in Table.1. In this study, cadmium concentrations in plant was determined using Wet Oxidation method 

and the total concentration of Cadmium in soil was acquired using oxidation method With 4M Nitric Acid[4].  

 The Concentrations of Cd in the samples extracted from soil and plant were determined using an atomic 

absorption spectrophotometer (AAS) (Perkins Elmer Model 2380). The determining wavelength for Cd is 228.8 

nm. Then considering the results in cases where the metal concentration in plants were below the sensitivity range 

of the AAS were analyzed by graphite furnace device [31]. Data were processed with Microsoft Excel software. 

All the values expressed are mean ± SD. (standard deviation) on the three replicates. Data were analyzed by one-

way ANOVA. Differences were considered significant at p<0.05. 

 

RESULTS AND DISCUSSION 

 

 The results of physical and chemical soil analysis showed that the texture of the tested soil was silty clay, and 

has suitable physical and chemical properties for use in greenhouse cultivation. Soil analysis showed that organic 

matter, pH and cation exchange capacity (CEC) in the tested soil was 0.85%, 7.7 and 26 Cmol kg
-1,

respectively. 

Other physical and chemical properties of the tested and its background concentration of heavy metals are listed in 

Table 1.  
 

Table 1: Physical and chemical properties of the tested soil and concentration of metals. 

Total N 
 

(%) 

Available 
P 

(mg kg-1) 

Available 
K 

(mg kg-1) 

EC 
 

(dS m -1) 

CaCo3 
 

(%) 

Element concentration 

Cd           Zn             Mn             Pb 

0.02 8 150 2.7 8.9 0.1 30 12 2.5 

 

 With the study of changes in plant biomass in plants in different treatment levels, we can observe the two 

plants response to different concentrations of cadmium in pot-culture experiment. Through the assessment and 

comparison of different indexes such as transfer factor (TF), enrichment factor (EF), and the absorption index, the 

ability of Ricinus communis L. and Solanum nigrum L. to translocation and sequester metals were examined. 

Concentration ratios (CR) showed that the mechanism of metal tolerance in plants that are used in herbal 

extraction techniques and transfers of the metal from their roots to their branches are vital [14, 35]  

 The ratio of metallic elements in plant to the same ratio of that element in the soil is called Biological 

Absorption Coefficient (BAC). This correlation is used for comparison of different plants considering the uptake 

of metallic elements, when a quantity of heavy metals in soils has critical concentration in a hyperacumulaters. A 

hyperacumulaters must have a high enrichment capacity, and the minimum amount of enrichment factor should be 

more than one [32]. Transfer factor is an index that defines the element that can be transferred from the root to 

aerial organs [4, 14 and 7]. The movement of Cd from the roots to the shoots and in the fat tissues is done through 

transpiration from the leaves.  

 Transfer coefficient is not sufficient for final evaluation; however, it shows the relative power of the plant and 

various treatments for refining metal elements from the soil [8]. The total concentrations of element and the rate of 

the element transfer from solid to liquid phases and then to the plant roots have an important role in determining 

the potential of refining the elements, therefore, this parameter is not sufficient for the ultimate assessment of 

plants phytoremediation power [8]. It is a very good criterion for evaluating the amount of extraction of metal 

elements from soil. 

 
Table 2: Uptake and absorption Index in S. nigrum and R. communis in the first and second harvests. 

 S. nigrum R. communis 

Number of  harvesting treatment Uptake         Absorption index Uptake      Absorption index 

 

First harvesting 

 
 

 

CK 0.010 7.46 0.429 14.13 

T1=Cd-10 0.071 45.75 1.986 45.53 

T2=Cd-20 0.110 69.99 2.685 61.40 

T3=Cd-50 0.096 59.27 2.231 49.11 

T4=Cd-100 0.103 65.06 2.698 46.94 

T5=Cd-200 0.117 73.02 4.022 57.64 

 

Secondary harvesting 

CK 0.029 6.22 2.008 21.73 

T1=Cd-10 0.272 47.97 7.849 48.32 

T2=Cd-20 0.448 78.39 10.038 72.07 

T3=Cd-50 0.293 50.38 10.202 66.42 

T4=Cd-100 0.432 75.00 11.904 71.46 

T5=Cd-200 0.458 81.21 10.657 64.34 

 

 The results in Table 2 showed that in treatment levels of cadmium, the absorption index of Cd has been 

different in different plants. So that, in the first harvest absorption index in the treatment T1=10 mg/kg in S. 

nigrum and R. communis was 45.75 and 45.53 respectively. These trends in treatment T2=20 mg/kg was 69.99 and 
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61.4 respectively. So we can conclude that at the same concentration, the share of the shoots of Nightshade in 

storage of the absorbed Cd from the soil is more than its roots. 

 The absorption index of cadmium in the second harvest is the same as the first harvest. So that in the second 

harvest it was 47.97, 78.39; 50.38, 48.32; 72.07, 66.42 respectively in treatment T1, T2 and T3 Black nightshade 

and castor which showed that in treatment levels in the same concentrations second harvest has a more significant 

role in absorption of cadmium than the first harvest.  

 The results in Fig. 1 showed that the shoot of Nightshade and Castor play a more important role in absorption 

of cadmium than their underground parts, in both first and second harvests. However, this was more significant in 

the second harvest. So that in treatment levels of Cd in first and second harvest the importance of stem and leaves 

seemed to be more than Inflorescence in metal absorption index. In other levels of concentrations of treatment 

level, the trend indicates the same results. 
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Fig. 1: The average uptake rate of stem, leaves, inflorescence, shoots and roots in S. nigrum in the first and second 

harvests. 

 

 Uptake results in Fig.1 and 2 showed that in the studied plants as Cadmium concentration in treatment levels 

increases, absorption in the plants organs increases, too. By increase in the absorption from 

0→20→50→100→200 Cadmium concentration in S. nigrum shoots and Castor roots increases. The amount of 

absorption in R. communis is calculated from 9.84 to 14.68, and in S. nigrum from 0.34 to 0.57 Micrograms from 

each pot. Because of the produced Biomass and high absorption, R. communis can be an appropriate plant for 

refinement of the Cadmium contaminated areas. Maximum absorption in the treatment is 200 mg/kg for S. nigrum 

0.34 mg⁄pot and 14.68 mg⁄pot in R. communis. In all concentrations Castor absorbs more Cd. 

 The maximum absorption index of Cd is done when the weight of dry substance of the shoot organs increases 

and its number is higher than the control group. When the concentration of an element in shoot becomes less, the 

absorption index of that element decreases. Sometimes the concentration of an element increases in shoot and it 

causes aerial toxicity and reduces the performance of the Aerial, as a result, the absorption index of the element 

decreases. 

 The metal absorption index of cadmium is different in Nightshade and Castor. So that, in cadmium treatment 

level in the first and second harvest the root has a more significant role in metal absorption than the aerials. 
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 Cadmium uptake by roots and its transition from roots to aerials is faced with a lot of resistance. The 

minimum and maximum cadmium absorption index in R. communis and S. nigrum was 16.89, 61.67; 11.61, and 

99.14 respectively which indicates more strength of this species of S. nigrum for cadmium extraction from soil 

and its transfer to the aerials (table1 and Fig1). 

 Considering the cadmium treatment levels, S. nigrum has had a higher cadmium absorption index than R. 

communis. Therefore, it absorbs more amounts of cadmium in its aerials. Although Castor has a maximum 

coefficient of dry substance; however, due to low concentrations of Cd in its aerials, is has relatively low 

absorption index. The amount of cadmium absorption index R. communis was estimated 43.79 to 47.48 and for S. 

nigrum 70.74 to 64.61 (Fig. 2). 

 

 

Fig. 2: Comparison of absorption index and uptake of Cd in S. nigrum and R. communis plants. 

 

 Two important factors in increasing the cadmium absorption index in plants are the weight of dry substance 

or high metal concentration in shoots. High cadmium absorption index in nightshade shows the different behavior 

of this plant. Cd concentration was higher in the shoots of S. nigrum than the shoots of R. communis. However, the 

amount of dry substance decreased in S. nigrum which it was not seen in Castor. This indicates that R. communis 

can bear higher concentrations of cadmium, if the suitable condition is provided. However, this study showed that 

S. nigrum has higher capacity for Cadmium phytoremediation and its accumulation in its shoots. 

 When organic substance is added to soil, its physical properties improve and more elements are absorbed by 

plants. This means that the organic matters improve the physical, chemical and biological properties of soil. The 

amount of absorption is another criterion to assess the absorption of metal elements in plants which for each plant 

it is obtained from the product of dry substance to the concentration of dry substance in aerials. The amount of 

absorption is circulated as micrograms of cadmium per pot (µgpot-1) or milligrams per pot (mg pot-1). Cadmium 

concentration in shoots and roots is determined as mg per kg of dry substance mg/kg (DM). Concentration of 

heavy elements in soils containing organic materials is much more than soils with low organic materials. This 

increases the stimulation of cadmium in soil but the metal absorption by plants does not increase in soil in 

comparison to increase in its solubility. Organic materials increase Cadmium concentrations in the roots. When 

the concentration of organic materials increases, Cadmium concentration in roots decreases. Therefore, increase in 

connection of this element from roots to shoots and consequently its increase in comparison to Cd from shoots to 

roots. 

 

Conclusion: 

 In this study, Cadmium absorption index is obtained by multiplying two components: The first is the element 

concentration in shoots and the second is the amount of dry substance. Thus, though S. nigrum has not produced 

the maximum amount of dry substance in its shoots, the amount of cadmium concentration was higher in its 

aerials than the aerials of R. communis. However, they have acquired the maximum absorption index and it 

indicates the high amount of Cadmium uptake in their shoots. The results in Fig. 2 showed that in S. nigrum 
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less biomass is balanced with high concentration of cadmium and Cadmium uptake in plant (Concentration × dry 

substance) is less than R communis. As despite the low concentrations of Cd, this plant has higher biomass. 

Overall, phytoremediation efficiency of the R. communis becomes more than S. nigrum. Black Nightshade 

high transmission coefficient can be attributed to its root hairs and consequently to more root discharge. 

Researchers have studied the amount of cadmium absorption in rhisosphere and have stated that approximately 20 

Percent of Cadmium in soil is absorbed by the roots of the rhisosphere. They have added that the absorption of 

cadmium is greatly related to the Cd concentration and to the forms of cadmium in soil. 

 In R. communis effective factor in enhancing the absorption of Cd, was the weight of dry matter, whereas in 

S. nigrum, Cd concentration has more effect on the aerial organs. Maximum uptake of Cd in S. nigrum and R. 

communis have been obtained, though, the behavior of these two plants has been somewhat different. Cd 

concentration in aerial organs of S. nigrum was more than the Cd concentration in aerial organs of R. communis; 

however S. nigrum has faced reduction in dry substance in this concentration. Whereas, R. communis still has not 

showed a negative response and this indicates that if better conditions are created R. communis is 

able to tolerate higher concentrations. However, in this study R. communis has shown higher strength in refining 

Cd. The index of Cd uptake has been acquired which indicates a high uptake of Cd in their aerial organs. 
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