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Abstract- A pot experiment was conducted to investigate the cadmium tolerance and phytoextraction efficiency of arum (Colocasia 
antiqourum) grown in soil spiked with cadmium (Cd) levels of 0, 5, 10, 25, 50, and 100 mg kg-1. Arum plants were grown for 105 days 
in the Cd contaminated soil. After harvest, the plants were separated into leaves, stems, bulbs and roots and dry mass of those were 
recorded. Dry matter yield was not affected by the application of Cd but Cd concentration in plant parts increased linearly with Cd 
application rates in soil. Without growth retardation, Cd concentrations in arum increased from 8.3 to 75 mg kg-1 in the leaves, 40 to 
262 mg kg-1 in the stems, 4.3 to 55 mg kg-1 in the bulbs and 166 to 912 mg kg-1 in the roots, when Cd levels increased from 5 to 100 
mg kg-1 in the soil. In the shoots (leaves and stems) of arum, Cd concentration was 137 and 168 mg kg-1 at the 50 and 100 mg kg-1 Cd 
supply levels in soils respectively. Those values were above the accepted threshold level of Cd hyper accumulator plants. Similar to 
Cd concentration, Cd accumulation (concentration × dry weight of plant) increased in different parts of arum with Cd application 
rates in the soil. Cadmium accumulation in the whole plant increased from 2.2 to 16.2 mg plant-1 when Cd levels in the soil increased 
from 5 to 100 mg kg-1
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. Cadmium accumulation in different parts of arum decreased in the order: root > stems > bulbs > leaves. 
Cadmium translocation from root to shoot was about 50% of the total Cd, showing a moderate mobility of Cd in arum, however, this 
plant is easy to harvest with roots. The outcomes of this study confirm that this plant is a suitable candidate for the 
phytoremediation of Cd contaminated soil. 

I. INTRODUCTION 

Mining, manufacturing, intensive agriculture and other industrial activities have greatly increased the heavy metal 
contamination of soils over the past century [1]. Cadmium contamination in soils has become a major environmental issue 
worldwide because Cd is easily transferred to the food chain and threatens to human health. It is therefore, important to 
develop methods to cleanup Cd in contaminated soils. Most traditional remediation techniques are physical or chemical that 
involves high cost and have low public acceptance [2]. Therefore, phytoremediation where hyperaccumulators or accumulators 
are used to take up large quantities of pollutants has become a promising soil remediation technique [3]. Phytoremediation takes 
advantage of the natural processes of plants to remove, transfer or stabilize contaminants in soil, sediment and water [4]. About 
400 species of hyperaccumulators have been identified in the world, but only few of them have been considered as Cd 
hyperaccumulators [5], and most of them have not been widely used because of low biomass production, difficulty in 
cultivation and slow growth rates [6]. Cadmium concentrations in some soils of Japan are found to range from as low as 0.03 to 
as high as 19.7 mg kg-1 [7]. Thus, it is very important to identify new hyperaccumulators to cleanup Cd-contaminated soils. In 
this investigation, we selected a common and locally popular plant species arum (Colocasia antiqourum). It has deep roots and 
long shoots. It possesses the characteristics of high biomass, easy cultivation, extensive competitive ability, wide geographic 
distribution and strong resistance to environmental stresses. In our previous study, it was shown that this plant had strong 
tolerance to Cd in the nutrient solution and strong accumulation capability of Cd in its body [8]. Hydroponics provides potential 
to examine metal tolerance and magnitude of metal accumulation in plant species with greater precision than soil studies. 
Therefore, metal accumulators should be selected under standard and repeatable conditions using both hydroponics and soil 
cultures [9]

II. MATERIALS AND METHODS 

. The aim of this study was to investigate the cadmium tolerance and phytoextraction efficiency of arum grown in a 
spiked Cd contaminated soil. 

A surface (0-20 cm) clay loam soil was collected from the experimental station of Iwate University, Morioka, Japan to use 
in this experiment. The soil is Volcanic ash soil, (Andisol). This soil had 44% sand, 42% silt and 14% clay. The collected soil 
in moist stage was ground and passed through a 4 mm sieve for using in this green house experiment. For laboratory analysis, a 
sub sample was air dried and passed through a 2 mm sieve and stored. Soil pH (6.9) was measured in a 1:2 soil/water 
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suspension. Soil organic carbon (OC) of 8.3% was determined by wet oxidation method [10]. Cation exchange capacity (CEC) 
of 45.6 cmol kg-1 was determined by extraction with 1 M NH4OAc (pH 7.0) [11]. The hydrometer method was used for the 
particle size distribution [12]

The experiment was conducted under natural light condition in a green house in the Laboratory of Plant Physiology and 
Nutrition at the Iwate University, Japan. Moist soil equivalent to 5 kg dry mass was placed in plastic pot (30 cm height and 25 
cm diameter) after mixing with Cd at levels of 0, 5, 10, 25, 50, and 100 mg kg

.   

-1. The source of Cd was (CdSO4). Each pot 
received 5 g of N-P-K (10-10-10) mineral fertilizer (equivalent to 100 mg kg-1 soil of N, P and K). Three replications of each 
treatment were set out in a complete randomized block design. Two healthy and uniform sizes of arum bulbs were sown in 
each pot. After one month, one seedling was left in each pot. From 40 days of growth, water was added daily as required 
during the growth period. After 105 days of growth, plants were harvested and separated into leaves, stems, bulbs and roots. 
Harvested plant parts were washed with distilled water to remove soils, and oven dried at 65°C for 72 h, and dry weight was 
recorded. Plant samples were ground in a stainless steel grinder. The plant tissues were digested with HNO3-HClO4 (3:1) acid 
mixture and Cd in the digest was measured using atomic absorption spectrophotometer (170-30 Hitachi, Tokyo, Japan. 
Reagent blanks were processed to ensure Cd was not added during sample preparation. All results are presented on dry weight 
(DW) basis. The results obtained were subjected to one way analysis of variance using Minitab program [13]

III. RESULTS 

. The significant 
difference was set among the treatments at p<0.05. 

A. Effects of Cd on Plant Growth 

Cadmium application rates (0 and 100 mg kg-1) did not affect the total dry matter yield of leaves, stems, bulbs, roots of 
arum plants. There were no visual symptoms of toxicity caused by high Cd application in any plants parts. The dry matter yield 
of arum in control pots were of 18, 26, 33 and 8 g for the leaves, stems, bulbs and roots, respectively, while in the pots treated 
with 100 mg kg-1

 

 the corresponding values were of 14, 19, 36 and 9 g (Fig. 1).  

Rates of Cd (mg kg-1

Fig. 1 Dry matter yield of arum plant parts (A) Leaves, (B) Stems, (C) Bulbs and (D) Roots. Vertical bars indicate standard deviation and they are not 
significant at p <0.5. 

) 

B. Cadmium Concentration, Accumulation and Distribution 

Cadmium concentrations in different parts of plant increased significantly (p<0.05) with increasing Cd levels in the growth 
media. Cadmium concentrations in arum increased from 8.3 to 75 mg kg-1 in the leaves, 40 to 262 mg kg-1 in the stems, 4.3 to 
55 mg kg-1 in the bulbs and 166 to 912 mg kg-1 in the roots, when Cd levels in soils increased from 5 to 100 mg kg-1 (Fig. 2). In 
the shoots (leaves plus stems) of arum, Cd concentrations were 137 and 168 mg kg-1 at the 50 and 100 mg kg-1 Cd supply 
levels, respectively. The values are more than 100 mg kg-1 dry tissue weight, which is considered to be the accepted threshold 
value for Cd hyper accumulator [14, 15]. Without any growth retardation, Cd concentration in the whole plant of arum was of 55, 
124, 223, 270 and 326 mg kg-1, respectively at soil Cd levels of 5, 10, 25, 50 and 100 mg kg-1
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Rates of Cd (mg kg-1

Fig. 2 Cadmium concentration in arum plant parts (A) Leaves, (B) Stems, (C) Bulbs and (D) Roots. Vertical bars indicate standard deviation. 

) 

Similar to Cd concentration, the accumulation (concentration × dry weight of plant) of Cd increased in different parts of 
arum with the Cd application rates applied in the soil. At the lowest rate (5 mg Cd kg-1) of Cd application, Cd accumulation 
was of 0.13, 0.8, 0.17 and 1.13 mg plant-1 in the leaves, stems, bulbs and in the roots, respectively and the corresponding 
values at the highest Cd (100 mg Cd kg-1) application rate was of 1.03 mg plant-1 in the leaves, 5.06 mg plant-1 in the stems, 
1.97 mg plant-1 in the bulbs and 8.11 mg plant-1 in the roots. Cadmium accumulations in the whole plant were of 2.2, 5.2, 10.6, 
14.0 and 16.2 mg plant-1 when Cd levels in the soil were of 5, 10, 25, 50 and 100 mg kg-1

 

, respectively. Cadmium 
accumulation in different parts of arum decreased in the order: root > stems > bulbs > leaves (Fig. 3).  

Rates of Cd (mg kg-1

Fig. 3 Cadmium accumulation in arum plant parts (A) Leaves, (B) Stems, (C) Bulbs and (D) Roots.Vertical bars indicate standard deviation. 

) 

Cadmium distribution (percent of the total uptake) of arum did not very significantly in the plant parts with Cd application 
rates except in the bulbs, where it increased from 5% to 12% when the Cd application rates increased from 10 to 100 mg Cd 
kg-1 soil. At the highest rate of Cd application (100 mg Cd kg-1
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(C)                 Bulbs

), Cd distributions were of 6, 31, 12 and 50% in the leaves, 
stems, bulbs and in the roots, respectively (Fig. 4). This distribution indicates that 50% of the total Cd was translocated into the 
shoots, irrespective of Cd application rates.   
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Fig. 4 Distribution of Cd in different plant parts of arum at different Cd application rates 

IV. DISCUSSION 

Cadmium is a non essential and toxic element for plants. Growth inhibition is known as a result of Cd toxicity. In the 
present study, there were no visible symptoms and growth retardation of arum. Among the plant parts, 50% of total Cd was 
accumulated in the roots and 50% in shoots (Leaves plus stems) of arum, irrespective of Cd application. This indicated that 
both shoots and roots are the major sinks of Cd. Among the plant parts, maximum accumulation of Cd in the roots may be due 
to immobilization of Cd through precipitation and /or adsorption on the root surface and within the symplasm of root cells as 
well as due to sequestration of Cd by phytochelatins in the vacuole of root cells [16]. Researchers are always trying to find new 
plants for the purpose of phytoremediation. Most accumulator plants are small in size. Arabidopsis halleri gemmifera is a new 
Cd and Zn accumulator plant that was found in Japan [17]. Kashem et al. [17] measured Cd concentrations as high as 820, 590 
and 400 mg kg-1 in leaves, stems and roots of Arabidopsis halleri gemmifera, respectively at 10 µM Cd in the nutrient solution 
but with a total accumulation of 2.8 mg Cd plant-1. In this study, Cd concentration and accumulation in arum were of 326 mg 
kg-1 and 16.2 mg plant-1 at the highest rate (100 mg kg-1) of Cd application without any growth retardation. This accumulation 
value is six fold higher than Arabidopsis halleri gemmifera because of vigorous growth of arum plant. In another study, Kashem 
et al. [8], investigated the phytoextration efficiency of arum (Colocasia antiqourum), radish (Raphanus sativus L.) and water 
spinach (Ipomoea aquatica) grown in hydroponics at 10 µM Cd where they found that arum could accumulate 25 mg Cd plant-1 
while Cd concentration was 166 mg kg-1

V. CONCLUSION 

 in the entire arum plant without growth retardation. Arum with many roots can 
accumulate substantial amounts of Cd and is possible to harvest the entire plant including roots. It is a fast growing, easily 
propagated, easy to manage and capable to grow both in dry and marsh conditions. In this study, arum plants appear to posses 
the potential to provide a novel technique for the removal of Cd from industrially contaminated waters and soil.  

The results of this study show that the growth of arum is unaffected by Cd application levels up to 100 mg Cd kg-1
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