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Phytomining for nickel and other metals
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What are hyperaccumulators plants?

• Hyperaccumulators are unusual plants that have extremely 
high concentrations of metals in their living biomass.

• Hyperaccumulator plants are known for elements such as 
arsenic, cobalt, copper, manganese, nickel, selenium, thallium 
and zinc.

• Hyperaccumulators have been discovered all around the world 
on mineralized soils and outcrops.
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Nickel hyperaccumulator plants

• The greatest number of hyperaccumulators are known for 
nickel. 

• This partly reflects the fact that worldwide surface exposures of 
naturally nickel-enriched ultramafic soils cover >3% of the 
Earth’s surface.

• By 2015, approximately 400 such nickel hyperaccumulator 
plant species had been documented including: 130 species in 
Cuba, 65 species in New Caledonia and 59 species in Turkey.
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Nickel hyperaccumulator plants

• Some hyperaccumulators can reach up to 4% nickel in their 
leaves and up to 25% nickel in the sap. 

• These are amongst the highest heavy metal concentration in 
any living tissue and it colors the sap and inner bark literally 
green from nickel ions. 

• A mature tree can contain approximately 5 kilograms of pure 
nickel metal. 

• The hyperaccumulator phenomenon is the more astonishing 
given the toxicity of this metal when soluble. 



29/06/2020

3

5

6



29/06/2020

4

7

8

Discovery of hyperaccumulators

• Testing for nickel hyperaccumulation is simple and cheap by 
using dimethylglyoxime (DMG) test paper, followed by 
quantitative analysis using ICP-AES or XRF.

• In practice DMG starts to show a pink colour from about 500 –
700 ppm nickel onwards. Strong reaction from 0.5% nickel 
onwards.

• Fairly rapid to test thousands of plant specimens (>500 per day is 
do-able with 2-3 people).
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DMG test paper turning purple when reacting with the sap of a hyperaccumulator plant.
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Using handheld XRF to measure concentrations of nickel in a hyperaccumulator tree 
in the field in Indonesia.
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Image taken 16 Feb 2007. Copyright : © CNES 2007; the map and 
terrain view images shown above use SRTM data from NASA / 
USGS. Centre for Remote Imaging Sensing and Processing 
Singapore
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Phytomining

• Phytomining (also called “metal farming”) employs 
hyperaccumulator plants to take up nickel into harvestable 
plant biomass. 

• Harvesting, drying and incineration of that biomass then 
generates a high-grade bio-ore. 

• As such hyperaccumulators are grown over (spatially large) 
sub-economic ore bodies or nickel-rich ultramafic soils. 
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Phytomining

• Economic feasibility of phytomining depends on the element 
market price, the annual yield per unit area (biomass produced 
and contained amount of target element) and the availability of 
surface areas enriched in this element. 

• Based on field trials with nickel hyperaccumulator species such 
as Alyssum murale, we can harvest 4–5 t of dry matter per ha 
containing 2% Ni, yielding 80–100 kg Ni ha-1.
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Phytomining on degraded or mined land

• Phytomining can form a first stage in the development of 
tropical lateritic mining projects, and then progress as part of 
the rehabilitation strategy during mine operation. 

• This presents an opportunity for generation of cash flow from 
laterite projects during the project development phase. 

• It does not interfere with the mainstream project, as 
phytomining would initially use the overburden that would be 
cleared before extracting the underlying minerals.
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Phytomining on low-productivity agricultural soils

• Phytomining can also take place on large and relatively flat 
ultramafic areas, which have low productivity for food 
production. 

• Phytomining here would be superior to conventional 
agricultural production, generating better economic returns to 
farmers.

• It should be emphasized that due to inherent infertility 
ultramafic soils have low economic returns if used for 
producing food crops such as wheat or rice.
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Low productive ultramafic land Mined or degraded Ni-rich land 

Integrated in rehabilitation strategy Improving soil fertility on agricultural land
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Tropical Asia-Pacific region

Mediterranean and Eurasian region

Geissois spp. 
[Cunoniaceae] 

1–4m tall 
Ligneous shrub 

0.3–1.5% Ni/kg d.w.

Ligneous phytomining crops

Rinorea spp. 
[Violaceae] 
5–20m tall 

Tree 
1–2.7% Ni/kg d.w.

Phyllanthus spp. 
[Phyllanthaceae] 

1–6m tall 
Ligneous shrub 

2–6% Ni/kg d.w.

Leptoplax spp. 
[Brassicaceae] 

1–1.5m tall 
Perennial herb 

1–3.5% Ni/kg d.w.

Alyssum spp. 
[Brassicaceae] 

0.5–1m tall 
Perennial herb 

1–2.5% Ni/kg d.w.

Bornmuellera spp. 
[Brassicaceae] 
0.3–0.5m tall 
Perennial herb 

1–3% Ni/kg d.w.

Herbaceous phytomining crops
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23Photo: A. Bani
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IMAGE COURTEY OF: Dr. Rufus Chaney, USDA.
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Rufus Chaney, USDA.
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Rufus Chaney, USDA.
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Lateritic nickel mining in Southeast Asia

• There is a move from high-grade nickel-sulfide to low-grade 
nickel-laterite (ultramafic) ores, especially in the Asia-Pacific 
region.

• Typical mining method is strip-mining of ultramafic soils.

• As such large areas are cleared and left bare after removal of 
‘ore’ material.

• Rehabilitation comprises planting of a mix of native and 
introduced plant species – potential for introducing 
phytomining.
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39Nickel phytomining scientific trial near Pahu village.
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Potential lifetime of an agromining operation

• The commercial returns from an agromining venture will be 
finite due to the diminishing concentrations of the target metal 
in the substrate. 

• However, the time scale for economic agromining may be 
considerable:

– For 1 ha with of 2000 mg kg-1 total nickel over 1 meter depth, the 
resource contains about 30 t of nickel. 

– Crops with 5 t ha-1 dry weight of plant material at 2% nickel yield 
100 kg Ni ha-1, which is only 1/300 of the total resource. 
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Processing of nickel bio-ores

• The raw bio-ore produced from experimental phytomining has 
been processed via an arc furnace to produce nickel metal. 

• Alternatively, the bio-ore is compatible as feedstock for major 
nickel hydrometallurgical plants. 

• The high purity of the bio-ore also makes it uniquely suited to 
produce nickel catalysts for industrial synthetic organic 
chemistry, or converted into high value nickel chemicals for 
use in the electroplating industry.
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Processing of nickel bio-ores

• After harvesting  and drying the biomass contains1–2% nickel.

• The ashed biomass (= bio-ore) generally has 15–30 wt% nickel 
and is essentially free of major unwanted elements such as 
iron, silica and magnesium. 

• Washing and selective precipitation has successfully 
demonstrated to obtain high purity nickel salts.
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Figure 2.pdf
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Outlook

• Two decades after its inception and numerous successful 
experiments, commercial phytomining has not yet become a 
reality. 

• This highlights the need to further encourage industry to apply 
new technologies that have the potential to improve mine site 
rehabilitation while providing opportunities for sustainable post-
mining livelihoods, especially in tropical regions.

• To build the case for the minerals industry, a large-scale 
demonstration is needed to identify operational risks and 
provide ‘real-life’ evidence for profitability.
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