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Abstract  

Gold phytoextraction has over the years drawn much attention from various researchers as an alternative to conventional 

extraction methods to recover metals from low-grade ores or mineralised soils. Although various plants species have been 

employed to recover gold from mineralised soils, the literature is silent about the use of giant taro. Therefore, to examine the 

feasibility of gold phytoextraction from gold ore, laboratory scale experiments were carried out using Alocasia macrorrhizos 

(giant taro) without chemical inducement of the ore. Bioaccumulation (BAF) and Translocation Factors (TF) as well as gold 

accumulation by the plant in the roots, stem and leaf tissues were evaluated. BAF and TF were 13.65 and 1.46 respectively. 

This work has shown that Alocasia macrorrhizos demonstrates high ability to uptake and accumulate gold and it is efficient 

in translocation of gold to its above-ground tissues.  Averagely, 14 mg/kg, 220 mg/kg and 10.7 mg/kg of gold were accumulated 

in the roots, stem and leaves respectively.   In addition, dissolved gold across the setups after weeks 3 and 4 were 0.384 mg/L 

and 1.097 mg/L respectively. The results demonstrate that giant taro can solubilize and sorb gold and is a potential candidate 

for recovering gold from the tailings environment, low-grade stockpiles and heaps as well as mineralised soils in an eco-

friendly and cost-effective approach. 
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1 Introduction  

Gold is one of the valuable minerals that has stayed 

in the spotlight for years. This is due to its 

multipurpose nature and thus its high demand with 

technology advancement. Due to its unique 

chemical and physical properties (Marsden and 

House, 1992), gold has become vital indiverse fields 

such as dentistry, photography, medicine, 

electronics, and nanotechnology. Unfortunately, the 

current processes used for gold recovery are not only 

expensive, but also harmful to the environment, due 

to the use of toxic compounds containing cyanide 

(Korte et al., 2000). These processes disturb the soil 

where mine tailings are deposited, thus destroying 

ecosystems and forever altering the environment 

(Aucamp and van Schalkwyk, 2003). Thus, the need 

for less toxic leaching reagents continues to receive 

attention. 

 

1.1 Hyperaccumulation   

In the phytoextraction process, living plants 

accumulate high amounts of metals in the 

aboveground plant parts. Ideally, plants suitable for 

phytoextraction should be hyperaccumulators and 

must have high metal tolerances. 

Hyperaccumulation refers to the capacity of a plant 

to take up and keep a contaminant in its tissue, while 

tolerance refers to the plant’s ability to survive in 

soils that have a high concentration of contaminants. 

Hyperaccumulators have found their widest 

application in phytoextraction, which is one of the 

phytoremediation strategies (Van Nevel et al., 

2007). Ideal plant species to be used in this process 

should have: (i) high biomass production, fast 

growth and easy harvesting (short time needed for 

effective reduction of element concentration in 

phytoremediated soils; McGrath and Zhao (2003); 

and (ii) ability to exist outside of their aboriginal 
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area (Bhargava et al., 2012). Natural 

hyperaccumulators have the ability to solubilize 

metals from the soil matrix, efficiently absorb them 

into the root, translocate to the shoot and store in a 

nonphytotoxic form in the aerial portions. Root 

surfaces of natural hyperaccumulating plants are 

specifically developed for uptake of elemental 

nutrients from the soil and have a very large surface 

area covering several miles. 

The potential for hyperaccumulation depends on the 

interaction between soils, metals, and plants. In soil, 

metals exist as a variety of chemical species in a 

dynamic equilibrium governed by soil, physical, 

chemical, and biological properties. For most 

metals, uptake into roots takes place from aqueous 

phase. Strong binding to soil particles or 

precipitation renders a significant soil metal fraction 

insoluble and largely unavailable for plant uptake. 

Some metals such as lead and gold, are largely 

immobile in soil and their extraction rate is limited 

by solubility and diffusion to root surface. Mobility 

of such metals in soil is enhanced by chemical 

treatments (induced hyperaccumulation).  

Induced hyperaccumulation is suggested for high 

biomass plant species (Zea mays, Brassica juncea, 

V. zizanoides, and Helianthus annus), even for 

nonhyperaccumulators, as most natural 

hyperaccumulators accumulate a high concentration 

of metal, but have low biomass (Thlaspi 

rotundifolium, Thlaspi caerulescens, Alyssum 

lesbiacum). Chemicals for this purpose include 

various acidifying agents, fertilizer salts, and 

chelating agents such as CA, EDTA, NTA, oxalate, 

malate, tartarate, and succinate (Huang et al., 

1997a). These chemicals increase the amount of 

bioavailable metal in the soil solution and hence 

uptake by plant increases. 

1.2 Phytomining  

Phytomining has been applied in the recovery of 

metals with commercial value, such as gold, silver, 

nickel, platinum, and palladium (Gardea-Torresdey 

et al., 2002; Anderson et al., 1999; Nedelkoska and 

Doran, 2000). Gomez (2002), reported that alfalfa 

seedlings accumulate more than 263 mg Au kg-1 

DWM in the aerial parts when cultivated in agar 

enriched with 320 mg Au L-1. Rodriquez et al., 2007, 

reported 179 mg/kg dry weight mass of desert 

willow. Lamb et al., 2001, also reported the 

accumulation of gold in Brassica juncea, Berkheya 

codii and Chicory. Species of Haumaniastrum and 

Aeollanthus are known for accumulating high levels 

of both Cu and Co in mineralized soils of Zaire 

(Brooks, 1997, 1998b; Brooks et al., 1987). An 

analogous approach used by Anderson et al. (1998) 

described induced hyperaccumulation of Au for 

phytomining using Brassica juncea. In addition, the 

formation of gold nanoparticles inside living alfalfa 

plants was for the first time reported (Gardea-

Torresdey et al., 2002; Gomez, 2002). Li et al. 

(2003) described phytomining as an 

environmentally friendly technique that successfully 

recovers valuable metals from low-grade ores, 

which would otherwise remain unused for metal 

extraction. Brooks et al. (1998) asserted that an 

uptake of 1.8 mg Au kg-1 DWM or 131 mg Ag kg-1 

DWM is required in order to provide a $500 ha-1 

return, with a crop that produces 25 t ha-1 of biomass.  

Phytomining could be used to extract Au from 

tailings areas that contain concentrations of Au at a 

level uneconomic for conventional extraction 

techniques. In the initial stages of a revegetation 

programme, phytomining could also be used to 

extract Au from low-grade ore that many mining 

companies stockpile against expected increases in 

the gold price. In 2009 (Wilson-Corral et al., 2011), 

a field trial was conducted to establish the potential 

of the species H. annuus to recover gold from mine 

tailings. A plot of 50 m2 was constructed. The 

average gold concentrations for leaves, stems, and 

roots, were 16 mg/kg, 21 mg/kg, and 15 mg/kg of 

dry matter, respectively after cyanide treatment of 

the mature biomass. 

1.3 Alocasia macrorrhizos (Giant taro)  

Giant taro (Figure 1) is a plant that produces a large 

amount of biomass with high water consumption. 

Alocasia macrorrhizos, commonly called giant taro, 

native to Asia, is a fast-growing herbaceous plant, 

growing up to 5 m in height, which has been 

intentionally introduced in many tropical and 

subtropical regions to be used as an ornamental crop 

and animal feed (Leon, 1987; Manner, 2011). It is a 

large, succulent perennial herb with a large, 

elongated stem. The stem, which is above ground, 
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can be up to 1 m long and 20 cm in diameter. The 

genus Alocasia comprises approximately 70 species, 

which most commonly inhabit wet disturbed sites, 

areas of regrowth, large canopy gaps, and roadside 

ditches, but are also forest undergrowth species. 

The present study was performed to determine the 

capability of giant taro (Alocasia macrorrhizos) to 

uptake gold from a gold-enriched ore. In earlier 

studies, the plant was found to degrade cyanide 

(Saim et al., 2018) and also sorb Cd, Pb and Ni 

(Armah, 2017). Despite several considerations about 

the use of plants as hyperaccumulator for precious 

metals, the literature is silent about the use of giant 

taro as hyperaccumulator for precious metals such 

as gold. This investigation considered the 

capabilities of giant taro to dissolve, uptake and 

concentrate gold in its above ground tissues. Also 

studied was the uptake performance of the plants by 

translocation of metal to the stem and leaf.  

 

Figure 1 Giant Taro (Alocasia macrorrhizos) 

2 Materials and Methods Used    

2.1 Materials  

The plants used for the study were obtained from the 

same field along a stream flowing through the 

University of Mines and Technology. Three (3) 

plants of relatively equal width and height were 

uprooted for the study. Deionized water and all other 

relevant materials were obtained from the Minerals 

Engineering Laboratory of University of Mines and 

Technology. The gold ore used for the experiment 

was refractory sulphidic ore from the Birimian 

System of Ghana. 

2.2 Gold Ore Preparation  

The gold ore used for the experiment contained 

about 2.3±0.1 g/t. The ore was crushed, milled and 

sized to about 50% passing 1 mm screen size. The 

ore was uniformly blended and 2 kg of the ore was 

weighed into each of the three containers (Setup 1, 

2, 3) as shown in the experimental setup, Figure 2. 

No chemical or chelating agent such as cyanide, 

thiosulphate was added to the ore. 

2.3 Experimental Setup  

Three (3) setups were made for the 4 weeks 

experiment. Each setup contained one giant taro 

planted in 2 kg gold ore (Figure 2) with 1.5 L 

deionized (DI) water. The mixture of the ore and the 

DI water was uniformly mixed in the container. 

Thereafter, each plant was placed gently in the 

container. The setups were left for 4 weeks in an 

open environment. The plant was allowed to grow 

and solution samples were analyzed after the 3rd and 

4th week. After the 4th week, the plants were 

harvested, dried, acid digested and analyzed for gold 

in the root and in the above-ground tissues.  

2.3.1 Control Experiment 

Control experiments were carried out to investigate 

the natural hyperacumulation of giant taro.   An 

additional plant was also digested and analyzed for 

gold in the various compartments of the plant along 

with the experimental plants used for the 

experiment. Another setup was made containing the 

mixture of the gold ore and DI water only and 

solution gold was determined after the 3rd and 4th 

week. 

2.4 Plant Digestion  

After the experiment, the plants were harvested and 

thoroughly washed with DI water to clean the 
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surface to prevent contamination. The plant was cut 

into the various parts; root, stem and leaf and was 

oven-dried at 80 ℃ for 24 hrs. One gram of each 

compartment of the plant was weighed and digested 

in aqua regia containing 75 mL HCl and 25 mL 

HNO3 in a 250 mL volumetric flask. The mixture 

was heated on a hotplate for 30 minutes after which 

they were allowed to cool. The solutions were then 

diluted to 100 mL with DI water and taken for gold 

analysis in the root, stem and leaf. 

 

Figure 2 Experimental Setups 

2.5 Gold Analysis  

Gold analysis was determined in plant digest and 

tails using a Varian AF 220 Fast Sequential Atomic 

Absorption Spectrophotometer (AAS). The 

detection limit for gold was 0.01 mg/L. Reagent 

blanks were below the detection limits in the 

solutions (<0.01). The gold concentration in each 

sample was determined in triplicate, and the average 

values are reported. 

3 Results and Discussions   

3.1 Gold Uptake 

The results in Table 1 indicate that a significant 

amount of gold was present in the various 

compartments of giant taro after the experiment. The 

highest gold concentrations were recorded in the 

stem of the plant in setups 1 and 2 and were three to 

four times higher than that in the root of the same 

plants. This observation may indicate that giant taro 

hyperaccumulated most (about 89%) of the gold in 

its stem, which constitutes about 70-80% of the plant 

biomass. On the average, gold concentration 

recorded in the leaf across the setups were low 

compared to the various compartments of the plant. 

In setup 3, about 65.9% (Figure 3), of the gold was 

found in the leaf which demonstrates that giant taro 

can accumulate an appreciable amount of gold in the 

leaves.  

 

Figure 3 Percent Gold Accumulation in Root, 

Stem and Leaf across the Setups. 

These results are consistent with those reported by 

Gomez et al., (2002), Rodriquez et al., (2007) and 

Anderson et al., (1998). Wilson-Corral et al., (2011), 

reported an average gold concentration of 16 mg/kg, 

21 mg/kg, and 15 mg/kg of dry H. annuus for leaves, 

stems and roots respectively. It was also observed 

that the concentration of gold recorded in the control 

plant was very low. The threshold for gold 

accumulation in the plant has been established at 1 

mg gold/kg dry weight biomass to be considered as 

a gold accumulator (Anderson et al., 1998). 

Table 1 Gold concentrations in giant taro 

Gold Uptake(mg/kg) dry weight  
TF BAF 

Setups Root Stem Leaf 

Setup 1 9.00 67.00 1.00 7.55 1.70 

Setup 2 19.00 592.00 2.00 31.26 2.37 

Setup 3 14.00 1.00 29.00 2.14 0.30 

Control 

(mg/L) 
0.02 0.01 0.01   

Average 14.00  220.00  10.70  13.65 1.46 

TF = Translocation Factor BAF=Bioaccumulation Factor 

3.2 Bioaccumulation and Translocation of 

Gold 
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The Bioaccumulation Factor (BAF) and 

Translocation Factor (TF) were calculated according 

to Equations 1 and 2, respectively. The calculated 

BAF across the three setups indicate that giant taro 

can be a potential hyperaccumulator of gold. Plants 

with a BAF >1 are considered as accumulators or 

hyperaccumulators (Wang et al., 2012), and giant 

taro has demonstrated its hyperaccumulative 

property with a high BAF of 1.46, Table 1.  

BAF =
Au Concentration in Shoot

Au Concentration in Ore
                    (1) 

TF =
Au Concentration in Shoot

Au Concentration in Root
                    (2) 

Higher Translocation Factor (TF) as shown in Table 

1 indicates that a significant amount of gold was 

translocated to the shoot. The higher the TF, the 

better the ability to transport metals from roots to 

shoots (Wang et al., 2017). 

3.3 Gold Dissolution 

The chemistry of gold indicates that the metal 

remains in the native state in an aqueous 

environment without a chelating or complexing 

agent such as cyanide and thiosulphate. It was 

observed in week 3 and 4 as shown in Table 2, that 

significant amounts of gold dissolved and was 

present in solution. This may be as a result of gold 

dissolving in the presence of giant taro. The control 

experiment recorded an insignificant amount (0.1 

mg/L) of gold in the absence of the plant after week 

4. This indicates that through the process of gold 

uptake, giant taro was able to dissolve appreciable 

amounts of gold and after dissolution the roots 

passively accumulated the gold in its above-ground 

tissues through transpiration. 

Table 2 Gold in solution 

 

The actual mechanism of gold dissolution is yet to 

be understood but relevant explanations suggest that 

some of the natural metal-accumulating plants 

secrete metal-chelating compounds 

(phytosiderophores) to the rhizosphere, such as  

mugineic and avenic acids, in response to nutrient 

metal ion deficiencies, and some secrete organic 

acids, such as citric, malic, malonic, and oxalic acid, 

which act as metal chelators and decrease the 

rhizosphere pH and thus increase the bioavailability 

of metals that are tightly bound to the soil and help 

to carry them into plant tissues (Eapen et al., 2005, 

Ma et al., 2001). From Table 2, gold concentration 

in the 4th week increased remarkably about two to 

three times the concentration of the 3rd week which 

could indicate faster dissolution kinetics. Another 

reason could also be that the sorption capacity of the 

plant biomass was at its maximum and therefore 

limited sorption occurred after the 3rd week. This 

phenomenon could also cause an increase in the 

concentration of gold in solution. 

3.4 pH and Cyanide Studies  

To study the variations in pH during the experiment, 

the pH of solution samples was analyzed before and 

after. Table 3 shows the initial and final pH 

recorded. The final pH values across the setups were 

high than the initial.  The increase in pH may be due 

to secretion of certain alkaline compounds from the 

plant into the solution. Cyanide investigations were 

also carried out to determine potential secretion of 

cyanide or cyanogenic compound by giant taro. No 

cyanide was recorded in solution containing only the 

plant species.  It was thus concluded that giant taro 

was not secreting cyanide into solution during the 

experiment. Potential cyanide in the ore samples 

was also investigated to confirm the observations 

but no cyanide was in solution when the ore was 

contacted with DI water for 4 weeks. These findings 

suggest that gold dissolution may be as a result of 

secretions of certain chemicals by giant taro into 

solution or through the process of rhizofiltration. 

Table 3 Solution pH 

pH 

 Initial After 

Setup 1 7.5 8.2 

Setup 2 7.2 7.9 

Gold in solution(mg/L) 

 Setup 1 Setup 2 Setup 3 Control 

Week 3 0.34 0.39 0.41 0.09 

week 4 1.04 1.01 1.24 0.10 
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Setup 3 7.6 8.6 

 

3.5 Potential of Giant Taro in Phytomining  

Phytomining of gold is a very fascinating technique 

that could be applied to extract gold from tailings 

environment, mineralized soils and low-grade heaps 

which are subeconomic for conventional mining 

methods. Natural accumulation is preferred to 

induce accumulation which employs chelators to 

enhance the bioavailability of the mineral of interest 

to the plant root. The results show that giant taro can 

be a potential candidate to be used in phytomining 

of gold from mineralized soils and tailings 

impoundments. Reports indicate that a considerable 

amount of gold accumulates in the tailings 

environment suggesting that hyperaccumulators can 

be employed to recover gold in an ecofriendly 

approach.  

Plants grown at the tailings environment should 

naturally be able to withstand toxic chemicals such 

as cyanide. Earlier works suggests that giant taro can 

strongly withstand the toxicity of cyanide, (Saim et 

al., 2018). A considerable amount of cyanide 

present at the tailings impoundment can also act as 

a chelating agent that could increase the 

bioavailability of gold to the rhizosphere of giant 

taro. In phytomining, plants with high biomass yield 

per hectare of land are mostly preferred and giant 

taro is no exception. The annual production of taro 

is estimated at 170,000 tonnes from an area of 

31,000 ha (FAO, 2001).  Phytoextraction of gold 

using giant taro looks promising in the future as a 

result of higher Bioaccumulation (BAF > 1) and 

Translocation Factor (TF). 

4 Conclusions and Recommendations  

This investigation demonstrates that giant taro can 

uptake and accumulate gold in its above-ground 

tissues without any significant adverse effect on 

giant taro. On average, 14 mg/kg, 220 mg/kg and 

10.7 mg/kg of gold was accumulated in the root, 

stem and leaf respectively.  

About 89% of the gold was accumulated in the stem. 

Key indicators of gold uptake and accumulation 

such as the Translocation and Bioaccumulation 

Factors were estimated to be 1.46 and 13.65 

respectively. The secretion of certain chemicals or 

rhizofiltration processes by giant taro to dissolve 

gold may have caused a slight increase in pH from 

about 7.4 to 8.2 on the average.  

Phytomining is a promising technique and giant taro 

is a potential candidate to be used to recover gold 

from tailings environment, low-grade stockpiles and 

heaps as well as mineralized soils.  

Most local and international mining companies 

intentionally cultivate grass and other plant species 

on old tailing impoundments as cover crops to 

minimize dust generation. These mines can employ 

giant taro to recover an appreciable amount of gold 

from the tailings area, but at a level uneconomic for 

conventional extraction techniques. Giant taro could 

also be used to extract gold from low-grade ore that 

many mining companies stockpile in expectation of 

favorable fluctuations in the value of the metal.  

Further works could be done to establish the actual 

mechanism of gold dissolution and uptake by giant 

taro. Field studies can also exploit adequate 

parameters and strategies to utilize giant taro in gold 

phytomining. 
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