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Introduction

Abstract: Indonesia, as the world's largest nickel producer, has vast ultramafic
areas that have the potential to become habitats for nickel hyperaccumulator
plants (Ni). This study aimed to explore and analyze nickel hyperaccumulator
plants in the mining area of CV. Unaaha Bakti Persada, North Konawe
Regency, Southeast Sulawesi, Indonesia. The research was conducted from
June to November 2023 using the exploration method at three observation
stations, each consisting of three plots. The research stages carried out include
exploration, plant collection and identification, and analysis of Ni content in
soil as well as plant tissue using Atomic Absorption Spectrophotometry
(AAS). A total of 32 plant species were found, which was dominated by
Pteridium aquilinum ferns at Stations I and III and Scleria lithosperma grasses at
Station II. The Ni content of the soil was very high (5,458.32-5,938.41 mg/kg)
and far above the normal threshold. Several species showed high Ni
accumulation capacity, with the most of six were Sarcotheca celebica, Knema
metanensis, Pluchea carolinensis, Gymnostoma sumatrana, and Justicia gendarussa.
The post mining sites were categorized as marginal due to heavy metal
toxicity (Ni, Co, Cr), and therefore, only tolerant plants can survive. Sarcotheca
celebica had the highest BCF value (0.1421) and was classified as a moderate
accumulator. All the six species has the potential to be used for
phytoremediation, phytomining and reclamation of post mining areas in
Southeast Sulawesi.
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contaminants for the environment (Earth.org, 2023). The
Southeast Sulawesi region, for example, is one of the

Indonesia is one of the world's largest nickel
producers; in 2022, for example, nickel production in
Indonesia reached 1.6 million tons (Statista, 2023).
Therefore, nickel has become an important economic
resource for the country. On the other hand, the mining
sector is recognized as one of the main sources of
pollutants, especially heavy metals and other
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areas rich in nickel, so there are many nickel mining
industries. These mining activities can cause damage to
the ecosystem due to heavy metal pollution such as
nickel and other metals, which can reduce biodiversity.
Humans, animals, and plants can also experience
physiological stress when exposed to heavy metals
(Hamim & Miftahudin, 2023). If this condition
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continues, the communities around the mining area will
suffer even more.

Reducing heavy metal pollution requires high costs
if is carried out using conventional methods such as
leaching and electro-reclamation (Ullah et al., 2015). As
a more environmentally friendly alternative,
phytoremediation technology can be applied by
utilizing accumulator plants that are capable of
absorbing heavy metals from the environment
(Gavrilescu, 2022). One of the important component in
phytoremediation is hyperaccumulator plants, which
capable of absorbing and accumulating very high
amounts of heavy metals (Sarwar et al., 2017). Some
species even show extreme tolerance to heavy metals
(Hilmi et al., 2018). In general, ordinary plants can only
accumulate nickel in the range of 10 mg/kg of tissue
(Mesjasz-Przybylowicz & Przybylowicz, 2020), but
hyperaccumulator species can accumulate more than
100 mg/kg, far exceeding the toxicity limits of ordinary
plants (Baker & Brooks, 1989).

According to global data from 2017, there are 721
plant species classified as hyperaccumulators, with
nickel (Ni) absorbing species being the most numerous,
i.e.: 532 species (Hamim & Miftahudin, 2023). However,
the records of nickel hyperaccumulator plants in
Indonesia are still very limited. Only a few species have
been reported, such as Sarcotheca celebica and Knema
matanensis (Van der Ent et al, 2013). The previous
research by a team of researchers from France, Australia,
and Weda Bay Nickel Ltd. on Halmahera Island, North
Maluku, discovered 13  species of  nickel
hyperaccumulators, 2 cobalt hyperaccumulators, 1
manganese hyperaccumulator, and 10 aluminum
hyperaccumulators (Lopez et al., 2019). The most recent
paper also reported that recently only 19 species
categorized as Ni hyperaccumulator were found in
Indonesia, and most of them from Halmahera, Soroako
and Obi (Brearley, 2024). In fact, Indonesia has vast
ultramafic lands with high potential as habitats for
hyperaccumulator plants (Galey et al., 2017). However,
exploration data on Ni hyperaccumulator plants in
Indonesia is still minimal compared to other countries
such as Cuba, New Caledonia, Turkey, and Brazil.
Therefore, research on the potential of nickel
hyperaccumulator plants in Indonesia is urgently
needed to add to the data on species diversity and
support post-mining land rehabilitation efforts. The
strong effort involving inter-disciplinary should be done
to find more hyperaccumulator (Brearley, 2024).

To date, there have been no scientific reports on the
exploration of hyperaccumulator plants from nickel
mining areas in Southeast Sulawesi. This indicates a gap
in scientific information that needs to be filled. As
notified by van der Ent et al. (2016) that Ni
hyperaccumulator will be found in the Nickel-rich
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ultramafic soil, so Ni-mining area is an important site to
find Ni hyperaccumulator. Therefore, this study was
conducted to explore and analyze the nickel (Ni) content
in plants and soil from the nickel mining area at CV.
Unaaha Bakti Persada, North Konawe Regency,
Southeast Sulawesi, Indonesia. The results of this study
are expected to make an important contribution to the
understanding of the biodiversity of hyperaccumulator
plants in Indonesia and to serve as a basis for the
application of phytoremediation and phytomining in
post-nickel mining areas.

Method

Research Time and Location

The research was carried out in the mining area of
CV. Unaaha Bakti Persada (UBP), North Konawe,
Southeast Sulawesi (Figure 1). Data collection in the field
was carried out from September to October 2023. The
research location for exploration and data collection was
in a nickel mining area CV. Unaaha Bakti Persada,
Southeast  Sulawesi.  Plant observations and
identification were conducted at the Ecology and Plant
Resources Laboratory, Biology Department, Faculty of
Mathematics and Natural Sciences (FMIPA), IPB
University, Bogor, Indonesia. At the same time, plant
tissue analysis was carried out at the Plant Physiology
Laboratory, Biology Department, FMIPA, IPB
University.

CV. UNAAHA BAKT] PERSADA

: KABLPATEN KONAWE UTARA
—— " . n4

Figure 1. Map of the research location

This research comprised four main activities, i.e.:
preliminary survey, sampling processes, vegetation
analysis, plant identifications, and Ni analysis. All
research activities are presented in a Flowchart as follow
(Figure 2).
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Figure 2. The flowchart of the research

Preliminary Survey

A preliminary survey was conducted to obtain
basic information and determine the distribution of
plants prior to observation. Sampling was carried out
using the exploration and transect methods. The
sampling location was divided into three points, and
each point consisted of three sampling plots to represent
one point (Kartika et al., 2019). Sampling points were
determined using the purposive sampling method to
place observation plots with rectangular plots
measuring 20 m x 20 m for trees, 10 m x 10 m for poles,
5 m x 5 m for stakes, and 3 m x 3 m for seedlings.

Sampling Process

Sampling was done by collecting plants from the
sampling area consisting of leaves and stems. Soil
samples were also taken from the area around the plants
at a depth of 20-40 cm (Neto et al., 2024) and taken as a
composite of about 500 g per sample (Rotich et al., 2025).
Rapid nickel analysis using the nickel paper test was also
conducted in the field to predict whether or not the
sampled plants contained high levels of Ni based on the
color (pink or red) that appeared on the test paper after
leaf or stem pieces were attached to the Ni test paper.
The pink color formed indicates that the plant contains
nickel and can be collected for further analysis (Disinger
et al., 2024).

Plant Identification

Plant species identification is based on key
references such as Flora Malesiana (Mabberley et al.,
1995) and Flora of Java (van Steenis et al., 1972) and
reinforced with the help of digital plant identification
applications such as Plantamor and PlantNet.
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Ni Analysis

Analysis of nickel (Ni) content in soil and plant
tissue samples was conducted at the Integrated
Chemistry Laboratory, Bogor Agricultural University
(IPB) using Atomic Absorption Spectroscopy (AAS). A
total of 32 plant samples and 9 soil samples were
analyzed. The plant samples used came from leaves and
stems that had been collected and dried from the field.
The analyzed data were then used to determine the
bioconcentration factor (BCF) of the hyperaccumulator
plants obtained (Herlina et al., 2020).

Plant Vegetation Analysis

Vegetation analysis aims to determine the
importance value index (IVI). The importance value
index is obtained from the total relative frequency (KR),
relative frequency (FR), and relative dominance (DR).
The IVI value is calculated using Microsoft Excel 2019
software and estimated based on Odum (1971), while
species diversity (H') can be calculated using the
Shannon-Wiener index formula (Krebs, 1989).

Result and Discussion

Plant Biodiversity

Research at the study site identified 32 plant
species, with varying growth forms ranging from
grasses, shrubs, and vines to herbs and trees. Although
the number of species (diversity) was dominated by
herbs, the most abundant species were grasses and
herbs. The total number of plants found at all
observation points was 1,032 individuals. The highest
number of plants was found at Point I, with 494
individuals, followed by Point III with 376 individuals,
while only 162 plant individuals were found at Point II
(Table 1). The species with the highest number of
individuals were Scleria lithosperma (251 individuals),
Pteridium aquilinum (242 individuals), and Melastoma
malabathricum L. (137 individuals), while other species
numbered less than 100 individuals (Table 1).
Differences between points and species distribution may
be related to variations in soil properties. Garnica-Diaz
et al. (2023) stated that soil properties in tropical
ultramafic regions are more variable than in temperate
regions, which influences species variation.

The population is dominated by lower strata
vegetation, which is known to be highly tolerant of
degraded land conditions. Two pioneer species, Scleria
lithosperma (251 individuals) and Pteridium aquilinum
(242 individuals), dominate the forest at the study site.
These two species are known to be able to quickly
colonize nutrient-poor soils after disturbance, and
Pteridium aquilinum often forms monospecific stands that
can inhibit tree regeneration (Suazo-Ortufio et al., 2015).
The presence of another heliophilous shrub, Melastoma
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malabathricum L. (137 individuals), further expands the
initial vegetation cover, a pattern commonly observed in
post-nickel mining areas in Sulawesi and Kalimantan
(Soendjoto et al., 2023).

The presence of 27 individuals of Knema matanensis,
an endemic species of Sulawesi known as a nickel
hyperaccumulator with concentrations of up to more
than 1,000 mg kg™, indicates that the substrate of the
study site is classified as ultrabasic soil or nickel laterite
(van der Ent et al., 2013). Meanwhile, at Points 3, the
increase in the number of Dicranopteris linearis clonal
ferns (22 individuals) indicates an ecosystem transition
phase, as this taxon is known to stabilize eroded slopes
and enrich the soil through litter accumulation (Yang et
al., 2020).

Tabel 1. Plant Species Found at the Research Site

November 2025, Volume 11, Issue 11, 707-716

The Rubiaceae family is the most dominant family
with 5 individuals from the total sample. The dominance
of Rubiaceae indicates that species from this family have
good adaptations to the environmental conditions at the
study site (Solfiyeni et al., 2023). Other families with
smaller percentages include Apocynaceae, Cyperaceae,
Dioscoreaceae, and Moraceae, each with two
individuals, which may be less competitive or specific to
certain ecological conditions. A total of 19 families had
only one individual in the sample, including
Acanthaceae, Anacardiaceae, Asteraceae, Fabaceae, and
others. These families may have a rarer presence or more
limited growth in the study environment. Factors such
as soil type, nutrient availability, or environmental
disturbances may influence their presence (Nurjaman et
al., 2017).

No Family Species Name Common Name 1 2 P01n3t n Habitus
1 Acanthaceae Justicia gendarussa Gandarusa 43 0 23 66 Bush
2 Anacardiaceae Gluta renghas Rengas 0 1 0 1 Tree
3 Apocynaceae Alstonia macrophylla Pulai 0 2 0 2 Tree
Dyera polyphylla Jelutung 0 1 0 1 Tree
4 Arecaceae Calamus manan Rotan 0 40 0 40 Herbs
5 Asparagaceae Dracaena sp. Pohon dracaena 0 0 3 3 Bush
6 Asteraceae Pluchea carolinensis Gabus hutan 3 5 4 12 Bush
7 Casuarinaceae Gymnostoma sumatrana Cemara gunung 0 1 0 1 Tree
8 Combretaceae Terminalia catappa Ketapang laut 0 2 0 2 Tree
9 Cunoniaceae Pterophylla fraxinea Pokok dedalu 5 0 0 5 Tree
10 Cyperaceae Machaerina mariscoides Pukul mati 11 19 24 54 Herbs
Scleria lithosperma juk batu 112 11 128 251 Herbs
11 Dennstaedtiaceae Pteridium aquilinum  Pakis lidah kucing 150 0 92 242 Herbs
12 Dioscoreaceae Dioscorea bulbifera Gembolo 3 0 8 11 Herbs
Tacca palmata Gadung tikus 0 0 1 1 Herbs
13 Fabaceae Erythrina Subumbrane Dadap serep 0 1 2 3 Tree
14 Gleicheniaceae Dicranopteris linearis Resam 0 0 22 22 Bush
15 Graminae Schizostachyum brachycladum Bambu lemang 32 13 15 60 Herbs
16 Melastomataceae Melastoma malabathricum L. Senduduk 106 7 24 137 Bush
17 Metaxyaceae Metaxya rostrata Paku 0 43 0 43 Herbs
18 Moraceae Brosimum sp. Buah murbei 1 0 0 1 Tree
Ficus maclellandii Alii fig 2 9 1 12 Tree
19 Myristicaceae Knema matanensis Dara-dara 8 0 19 27 Tree
20 Nepenthaceae Nephentes mirabilis Kantung semar 6 2 2 10 Herbs
21 Oxalidaceae Sarcotheca celebica Belimbing bajo 1 0 0 1 Tree
22 Rubiaceae Dibridsonia conferta Genting-genting 0 1 0 1 Bush
Mitragyna speciosa Kratom 0 1 0 1 Tree
Neolamarckia cadamba Jabon 7 0 0 7 Tree
Nauclea latifolia Persik liar 1 0 8 9 Tree
Timonius flavescens Kemuning liar 0 1 0 1 Bush
23 Rutaceae Melicope borbonica Kepel laut 3 0 0 3 Tree
24 Sapotaceae Pouteria sapota Mamey sapote 0 2 0 2 Tree
Number 494 162 376 1032

The number of tree species dominated the mining
areas at each point explored, although based on
individual abundance, herbs were the most abundant
habitat type (Nero 2021). Of the 24 plant families found,

the family with the highest proportion of species in the
observation area was Rubiaceae, with 5 species,
followed by the families Moraceae, Apocynaceae,
Cyperaceae, and Dioscoreaceae, each with 2 species. In
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comparison, the other families had only one species. The
Rubiaceae family has high adaptability, is widely
distributed, and can grow well in nickel mining areas.
According to McCartha et al. (2019), Rubiaceae is one of
the families tolerant to flood and drought stress, hence it
is commonly found in this habitat with a high
proportion. Based on this data, this family can also adapt
well to ultramafic soils containing heavy metals,
particularly nickel.

Vegetation Analysis Results

Based on the results of vegetation analysis in the
nickel mining area of CV Unaaha Bhakti Persada, there
are variations in species types shown in each growth
phase with frequency (F), relative frequency (RF),
density (D), relative density (RD), importance value
index (INP), and species diversity (H') as written in
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Table 2. The importance value index (INP) is a
quantitative parameter indicating the dominance level
of a species within a plant community. Indriyanto (2006)
A high importance value indicates that the species has
the highest number of individuals, as well as high
density and frequency of occurrence within the
community. The results of the study show that there are
species with the highest INP in each growth phase,
namely for the tree level Nauclea latifolia 175.60%, pole
phase Knema matanensis 114.40%, stake phase Knema
matanensis 93.72%, seedling phase Scleria lithosperma
39.77% (Table 2). These species play important roles and
influence their respective communities (Indriyanto
2010). Conversely, plants with the lowest INP values are
not dominant and are not widely distributed in the
location.

Table 2. Importance Value Index (IVI) of Five Plant Species at Each Growth Phase

Growth phase Species name Common Name INP (%) H)
Seedling Scleria lithosperma Jjuk batu 39.77
Pteridium aquilinum Pakis lidah kucing 33.06
Melastoma malabathricum L. Senduduk 29.75 2.05
Schizostachyum brachycladum Bambu lemang 19.75
Machaerina mariscoides Pukul mati 15.28
Sapling Knema matanensis Dara-dara 93.72
Ficus maclellandii Alii fig 46.65
Neolamarckia cadamba Jabon 35.99 1.95
Pouteria sapota Mamey sapote 19.93
Terminalia catappa Ketapang laut 17.78
Pole Knema matanensis Dara-dara 114.40
Ficus maclellandii Alii fig 51.81
Nauclea latifolia Persik liar 34.38 1.65
Pterophylla fraxinea D.Don Pokok dedalu 25.98
Neolamarckia cadamba Jabon 23.80
Tree Nauclea latifolia Persik liar 175.60
Erythrina Subumbrane Dadap serep 53.12 1.08
Brosimum sp. Buah murbei 37.89
Gymmnostoma sumatrana Cemara gunung 33.40

The diversity index (H') in the nickel mining area
has a value range of 1<H'<3, indicating that the diversity
index level falls into the moderate category based on
Magurran's classification (Magurran, 2004). The
seedling growth phase has the highest species diversity
index with a value of 2.05, followed by the sapling
growth phase with a value of 1.95, the pole phase with a
value of 1.65, and the tree phase with a value of 1.08.
These results illustrate that the ecosystem condition is
moderate despite ecological pressure due to heavy metal
pollution.

Previous research has shown that sediments or soil
in mining areas contain high levels of metals, minimal
organic matter, and low levels of macro nutrients
(Setyaningsih et al., 2018). As a result, only certain plant
species can survive in these conditions. Species diversity

is an indicator of community level and community
structure. A community is said to have high species
diversity if it consists of various types. Conversely, if a
community consists of only a few species, then its
species diversity is low (Mou et al., 2023). Diversity
reaches its maximum value when all individuals come
from different genera or species, while the minimum
value occurs when there is only one dominant genus or
species (She et al., 2023).

Nutrient and Heavy Metal Content in Soil

The nutrient content in soil is very important for
plants because soil is an important growth medium, so
the adequacy of nutrients in the soil greatly determines
the success of plants in growing and surviving. Based on
the data presented in Table 3, the results of soil analysis
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indicate that the average macro nutrient content in the
area is represented by nitrogen (N), phosphorus (P), and
potassium (K). According to Musfal (2020), the nitrogen
content is moderate (0.28%), phosphorus is very low
(less than 1.07%), and high for K (305.43 mg/kg) (Table
3). Although the N and K content in the media taken
from the nickel mining area is relatively sufficient, the
phosphorus content is very low, so not all plants can
grow and survive well in that area because P is an
important macro element for plants to support energy
development and produce various compounds needed
for growth such as phospholipids, DNA, RNA, and
others (Taiz et al., 2015). On the other hand, the soil also
contains very high concentrations of micronutrients,
such as Fe, Ni, and Co, as well as non-nutritive heavy
metals like chromium (Cr) (Table 3). Micronutrients
such as Fe, Ni, and Co are categorized as heavy metals,
which can cause toxic effects on plants if absorbed in
high amounts (Wang et al., 2017). Chromium (Cr) in
high amounts, one type of heavy metal, can also cause
poisoning in plants, even at low concentrations. In
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addition to Cr, the nickel content in seawater is also quite
high, averaging 5728.27 ppm (Table 3). Although Ni is
an essential element required by plants, its requirement
is very low, approximately 0.1 ppm (Taiz et al., 2023). All
these characteristics indicate that plants growing in this
nickel mining area have a very high level of adaptation.
In this area, interactions between plants and microbes
such as mycorrhizae or endophytic fungi are crucial for
supporting plant growth. Amir et al. (2023), for example,
highlight that mycorrhizae are abundant in ultramafic
soils with high heavy metal content, which helps plants
grow under lower nutrient levels and high metal
content. Aribal et al. (2017) also emphasize that heavy
metal content does not affect the presence and
distribution of mycorrhizae in ultramafic regions in the
Philippines. These interactions are vital for plants
growing in harsh conditions. Therefore, serious
attention is needed to ensure these plants do not
disappear and become extinct, as they are essential
for post-mining environmental restoration.

Table 3. Concentration of Macro Nutrients (N, P, K) and Micro Nutrients (Fe, Ni, and Co), as Well as Cr Content in

Soil Samples

Soil Sample N (%) P (%) K (mg Kg1) Fe (%) Ni (mg Kg1) Co (mg Kg1) Cr (mg Kg1)
Point 1 0.33 <1.07 399.50 33.77 5938.41 510.67 3994.03
Point 2 0.29 <1.07 228.35 3257 5788.07 379.18 2776.04
Point 3 0.23 <1.07 288.43 31.28 5458.32 42215 4098.48
Average 0.28 <1.07 305.43 32.54 5728.27 437.33 3622.85

Nickel (Ni) Content and BCF Value of Plants

Data on nickel (Ni) content in plants collected from
nickel mines show varying results, with some species
containing high levels of Ni, such as Sarcotheca celebica,
which has the highest content at nearly 1000 mg Kg-1 Ni,
while the lowest is Pouteria sapote, which contains only
6.2 mg Kg-1 Ni. Measurements of Ni content in plants
and tailing sediments are used to determine the plants'
ability to absorb/extract metals from the surrounding
soil, and 1000 mg/kg is a common criterion for plants to
be categorized as Ni accumulators (Reeves et al., 2018).

Belimbing bajo (Sarcotheca celebica) is a type of wild
fruit plant that is always found growing around nickel
mining sites in Sulawesi. It is classified as a fruit with
acidic properties and is often found growing in areas
with ultrabasic soil rich in iron and nickel (Pitopang
2011). Observations of the leaf tissue structure of
belimbing bajo reveal high nickel accumulation,
illustrating how belimbing bajo adapts to nickel-
contaminated environments through specific strategies
(Haruna et al., 2018). Bajo starfruit can support the
utilization of native wild plants that grow and are
available in nickel-contaminated environments (Haruna
etal., 2018).

Table 4 shows that only Sarcotheca celebica has a BCF
value between 0.1 and 1, therefore this plant is the only
plant categorized as a moderate accumulator. Thirteen
other species (Knema matanensis, Pluchea carolinensis,
Gymnostoma sumatrana, Justicia gendarusa, Dioscorea
bulbifera, Brosimum sp, Calamus manan, and Pterophylla
fraxinea D. Don) have BCF values ranging from 0.0111 to
0.0755, meaning they belong to the low accumulator
group, while the last 18 plant species (Dracaena sp, Ficus
maclellandii, Dicranopteris linearis, Erythrina subumbrane,
Neolamarckia  cadamba, Alstonia  macrophylla, Dyera
polyphylla, Pteridium aquilinum, Timonius flavescens,
Terminalia  catappa, Metaxya  rostrata, Machaerina
mariscoides, Melicope borbonica, Scleria lithosperma,
Mitragyna speciosa, Schizostachyum brachycladum, Gluta
renghas, Pouteria sapote) are categorized as non-
accumulators because their BCF values are less than 0.01.
The plant species with the lowest BCF value is Pouteria
sapote (Table 4).

Conversely, the 18 species at the bottom of the
indicator table show nickel concentrations below 50 mg
kg™ and BCF values less than 0.01, a range commonly
found in non-metallophytic plants in environments with
high nickel content (Vischetti et al., 2022). Nevertheless,
the presence of species such as Ficus maclellandii and
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Dicranopteris linearis remains important, as their root
systems contribute to the stability of mine land surfaces
and erosion mitigation, which are vital components of
sustainable revegetation approaches (Zhou et al., 2024).

Overall, the observed pattern supports findings in
the literature stating that nickel hyperaccumulators are
very rare and generally originate from endemic taxa
growing in ultrabasic soils (Kikis et al., 2024). The data
in this table underscore the potential of Sarcotheca
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celebica, Knema  matanensis, Pluchea  carolinensis,
Gymmnostoma sumatrana, and Justicia gendarusa as key
species in Indonesia's phytomining initiatives, while
emphasizing the importance of a mixed approach
involving both moderate accumulators and non-
accumulators to balance the objectives of metal
extraction, land rehabilitation, and post-mining
ecosystem stability.

Table 4. Average Nickel Content and Bioconcentration Factor (BCF) Values of Plants

Species Name Ni (mg/kg) BCF Indicators (g/g)
Sarcotheca celebica 944.93 0.1421 Medium accumulator
Knema metanensis 501.95 0.0755 Low accumulator
Pluchea carolinensis 363.26 0.0546 Low accumulator
Gymmnostoma sumatrana 306.5 0.0459 Low accumulator
Justicia gendarusa 230.91 0.0418 Low accumulator
Dioscorea bulbifera 195.55 0.0354 Low accumulator
Brosimum sp. 177.19 0.0314 Low accumulator
Tacca palmata 173.9 0.0424 Low accumulator
Nephentes mirabilis 168.09 0.0253 Low accumulator
Canthium confertum 81.95 0.0200 Low accumulator
Nauclea latifolia 79.33 0.0141 Low accumulator
Melastoma affine 73.66 0.0111 Low accumulator
Calamus manan 72.48 0.0128 Low accumulator
Weinmannia fraxinea 62.76 0.0111 Low accumulator
Dracaena sp. 49.23 0.0076 Non accumulator
Ficus maclellandii 46.65 0.0070 Non accumulator
Dicranopteris linearis 41.35 0.0099 Non accumulator
Erythrina subumbrane 38.32 0.0093 Non accumulator
Neolamarckia cadamba 33.84 0.0051 Non accumulator
Alstonia macrophylla 33.52 0.0059 Non accumulator
Dyera polyphylla 27.09 0.0048 Non accumulator
Pteridium aquilinum 26.39 0.0040 Non accumulator
Timonius flavescens 2522 0.0038 Non accumulator
Terminalia catappa 23.48 0.0035 Non accumulator
Metaxya rostrata 23.41 0.0041 Non accumulator
Machaerina mariscoides 20.59 0.0037 Non accumulator
Melicope borbonica 18.53 0.0028 Non accumulator
Scleria lithosperma 11.35 0.0020 Non accumulator
Mitragyna speciosa 8.77 0.0021 Non accumulator
Schizostachyum brachycladum 8.07 0.0012 Non accumulator
Gluta renghas 7.58 0.0013 Non accumulator
Pouteria sapota 6.17 0.0011 Non accumulator

In this exploration, at least five species were found
to have Ni content of more than 200 ppm (Table 4). Two
species, Sarcotheca celebica, Knema matanensis, Pluchea
carolinensis, ~Gymmnostoma sumatrana, and Justicia
gendarusa, are known as endemic Ni hyperaccumulators
due to their ability to accumulate nickel at high
concentrations (van der Ent et al., 2016). However, in this
exploration, the Ni content in Knema matanensis was less
than 1000 ppm, whereas according to the records
presented by van der Ent et al. (2013), this species has a
Ni content of 2,500-5,000 mg Kg-1. This difference may
be due to variations in Ni content in the soil where the
plants grow, as the Ni content at this exploration site is

only 5,728 ppm, while at other exploration sites it is more
than 10,000 ppm (van der Ent et al., 2013). Other species
with high Ni accumulation include Pluchea carolinensis,
Gymmnostoma sumatrana, and Justicia gendarusa. Among
the five species, Sarcotheca celebica and Gymmnostoma
sumatrana were only found in one individual at all three
sites in Table 1, indicating that the distribution of these
species is rare in this area. Several studies have noted
that there is no data showing the distribution of
Sarcotheca celebica in Southeast Sulawesi except on the
islands of Kabaena, Tinoleri, and Lamedai Kolaka
(Astuti et al., 2018). With the discovery of Sarcotheca
celebica in North Konawe, even though only one species
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was found in the sample area, it can be used as a
reference for the existence of this species in North
Konawe, Southeast Sulawesi.

Conclusion

The exploration conducted in a nickel mining area
of CV. Unaaha Bakti Persada in North Konawe,
Southeast Sulawesi, successfully identified a total of 32
plant species from 24 families that were adapted to
ultramafic soil conditions with very high nickel (Ni)
content (average 5,728.27 mg/kg). Based on Ni content
in plant tissues in this study, no species was found to
reach the minimum threshold of hyperaccumulator
plant i.e.: 1,000 mg/kg of Ni in the tissue. The species
with the highest Ni accumulation was Sarcotheca celebica
(944.93 mg/kg), which was classified as a moderate
accumulator (BCF 0.1421). Other species with high Ni
accumulator were Knema matanensis, Pluchea carolinensis,
Gymnostoma sumatrana, and Justicia gendarusa which are
potential for phytomining activities and post-mining
land reclamation in the Southeast Sulawesi region.
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