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ABSTRACT
Philippine Tung (Reutealis trisperma [Blanco] Airy Shaw) is one of non-edible oil producing plant resistant to 
unfavorable conditions and therefore this plant has prospective role to be used in phytoremediation program on gold 
post-mined area. The experiment aimed to analyze photosynthesis and growth of R. trisperma plants in response 
to short term gold-mine tailing treatment in polybag experiment. The experiment was carried out using completely 
randomized design with two factors and 5 replications. The first factor was five varieties of R. trisperma (M1, M2, D1, 
D2 and HR) and the second factor was gold-mine tailings treatment comprised 0, 25, 50, and 100% of tailings which 
was applied in combination with mixed compost and soil 1:3 (v/v) as a basic media. Plant growth and physiological 
characters were observed after 6 weeks of the treatment. The result showed that even though malondialdehyde (MDA) of 
R. trisperma leaves increased slightly, but the plants treated with gold-mine tailing had higher photosynthetic rate than 
that of the control (untreated) plants, which resulted in the improvement of root and shoot growth up to 70 and 90%, 
respectively. Higher content of Ca, Mg, Fe, Zn, and Mn in gold-mine tailing may have positive effect to R. trisperma 
indicated by photosynthesis and growth enhancement which suggests the plant tolerance to gold-mine tailings.
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ABSTRAK

Philippine Tung (Reutealis trisperma [Blanco] Airy Shaw) adalah salah satu daripada tumbuhan hasilan minyak yang 
tidak dapat dimakan yang tahan terhadap keadaan yang kurang baik dan oleh itu tumbuhan ini mempunyai peranan 
yang akan digunakan dalam program fitopemulihan pada kawasan pasca lombong emas. Uji kaji ini bertujuan untuk 
menganalisis fotosintesis dan pertumbuhan tumbuhan R. trisperma sebagai tindak balas terhadap rawatan amang 
emas jangka pendek dalam percubaan polibeg. Uji kaji ini dijalankan menggunakan reka Acak Lengkap dengan dua 
faktor dan 5 ulangan. Faktor pertama adalah lima jenis R. trisperma (M1, M2, D1, D2 dan HR) dan faktor kedua adalah 
rawatan amang lombong emas terdiri daripada 0, 25, 50 dan 100% amang yang digunakan dalam gabungan dengan 
campuran kompos dan tanah 1: 3 (v/v) sebagai media asas. Pertumbuhan tumbuhan dan watak fisiologi diperhatikan 
selepas 6 minggu rawatan. Hasilnya menunjukkan bahawa walaupun kandungan malondialdehida (MDA) daun 
R. trisperma meningkat sedikit, namun tumbuh-tumbuhan yang dirawat dengan amang emas mempunyai kadar 
fotosintesis yang lebih tinggi daripada tanaman kawalan (tidak dirawat), yang mengakibatkan peningkatan akar dan 
pucuk pertumbuhan masing-masing sehingga 70 dan 90%. Kandungan Ca, Mg, Fe, Zn dan Mn yang lebih tinggi dalam 
amang lombong emas mungkin mempunyai kesan positif kepada R. trisperma yang ditunjukkan oleh fotosintesis dan 
peningkatan pertumbuhan yang menunjukkan toleransi tumbuhan R. trisperma kepada amang lombong emas.

Kata kunci: Amang lombong emas; fitopemulihan; fotosintesis; Reutealis trisperm; tegasan logam berat

INTRODUCTION

Gold mining has high economic value and therefore 
the area with high content of gold becomes attractive for 
mining industry as well as artisanal and small-scale gold 
miner to operate mining activities which in some extent 
result in heavy metals contamination to the environment 
(Arifin et al. 2015; Muddarisna et al. 2013). Gold mining 
industry typically produces waste in the form of liquid 

wastes and solid tailings. Liquid waste usually contains 
cyanide with high concentration (Hamim et al. 2017a) 
since cyanide is often used as a solvent in the gold mining 
system (Korte et al. 2000), while solid tailings contain 
high concentration of minerals including heavy metals 
(Hidayati et al. 2009; Setyaningsih et al. 2017). Several 
types of heavy metals commonly present in high quantities 
in gold mine tailings including Pb, Hg, Cd and Cu. In 
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artisanal and small gold mining, the dominant heavy 
metal contaminants are generally mercury (Hg) (Arifin et 
al. 2015; Muddarisna et al. 2013). According to the Agency 
for Toxic Substances and Disease Registry (ATSDR 2003) 
four heavy metals (As, Pb, Cd, and Hg) are considered 
as the most toxic metals. Therefore, the effort to reduce 
heavy metal contaminants from gold mine industry is a 
big challenge to avoid environmental damage and further 
heavy metal uptake by human being through biological 
food chain. 

For most plant species, heavy metals disturb various 
physiological and biochemical processes including 
photosynthesis (Sarwar et al. 2017). Many experiments 
found that heavy metals caused chlorosis and nutrient 
uptake restriction which finally reduced plant growth 
and yield (Popova et al. 2009; Xu et al. 2009), and for 
leguminous plants they reduced nitrogen fixing capacity 
(Guala et al. 2010). Heavy metals have also been 
recognized to induce ROS production which caused cell 
membrane damage and destruction of biomolecules and 
cellular organelles (Ekmekci et al. 2008), and disturbed 
essential groups of enzymes (Chaffai & Koyama 2011; 
Choppala et al. 2014; Sarwar et al. 2010). Therefore, the 
presence of such contaminants in gold mining area causes 
damage to plants grown in that area, so that they cannot 
grow and reproduce well.

Phytoremediation has been recognized as cost 
effective method and attractive approach for remediation of 
metal contaminated soils in the present scenario, because 
plants are the primary recipients of heavy metals (Sarwar 
et al. 2017). Using this method, the plants which have 
ability to absorb and accumulate higher heavy metal may 
reduce heavy metal contaminant from the site through 
processes known as phytostabilization (Erakhrumen 
2007), phytovolatalization (Ghosh & Singh 2005), or 
phytoextraction (Ali et al. 2013; Seth 2012; Vamerali et 
al. 2010). For phytoremediation process, the plant that is 
tolerant to heavy metal becomes very important, because 
the more tolerant plant, the more metal can be accumulated 
with minimum adverse effects on plant health (Sarwar et 
al. 2017; Seth et al. 2007).

Philippine Tung (Reutealis trisperma [Blanco] Airy 
Shaw) that is also known as Kemiri Sunan (Indonesia) 
is one of non-edible oil producer plant which has higher 
seed production capacity and oil content (Herman et al. 
2013). This tree species has deep root system with heavy 
canopy and resistant to environmental condition such as 
erosion and drought (Herman & Pranowo 2010). This plant 
also resistant to unfavorable conditions including some 
post-mined lands such as bauxite, tin mining and cement 
post-mined lands (Pranowo & Herman 2015), but it has 
never been investigated to grow in gold-mine land (Hamim 
et al. 2017a). Due to those characteristics, this plant has a 
good prospect to be used in phytoremediation program in 
gold post-mined area. 

As a source of renewable energy crops in Indonesia, 
R. trisperma is among the potential species that can be 
cultivated by the community especially in degraded lands 
including post mining lands. This is in line with the policy 
of renewable energy provision by utilizing neglected and 
underutilized plants on marginal land to avoid the use of 
arable land required for food production. For this reason, 
many experiments using R. trisperma provenances or 
cultivars were carried out to find potential candidate 
of plant with higher tolerant to gold mining land in the 
future. The experiment aimed to analyze photosynthesis 
and growth of R. trisperma plants in response to short 
term gold-mine tailings exposure in polybag experiment.

MATERIALS AND METHODS

THE ANALYSIS OF GOLD-MINE TAILINGS

Solid tailing samples were analyzed to identify mineral 
components including macro-nutrients (K, Ca, and Mg) 
and micro-nutrients (Fe, Cu, Zn, Mn, Mo, B, Cl, Ni, Co). 
The tailing was also analyzed to investigate heavy metal 
content (Pb and Hg). Macro and micronutrients as well 
as heavy metal analyses were carried out using atomic 
absorption spectroscopy (AAS).

PREPARATION OF SEEDLINGS OF PHILIPPINE TUNG
In this experiment, 5 varieties of Philippine Tung 
(Reutealis trisperma [Blanco]) were provided from 
Indonesian Crops and Refreshing Plant Research Institute, 
Parung Kuda, Sukabumi, Indonesia. Philippine Tung 
seedlings were prepared by germination of the seeds in 
the mixed media contained soil, rice husk and sawdust 
(3:1:1). The seeds were grown in a seedbed with a distance 
of 3×3 cm, so that in a 100×20 cm2 seedbed, there were 
approximately 200 seeds. The seedbed was immediately 
covered with organic mulch and placed in a safe open 
place (Herman et al. 2013). The young seedlings (one 
weeks old) were then transferred into polybags (10×15 
cm) which had been filled with planting media of mixed 
soil, compost and sand 1:1:1 (v/v/v). The seedlings were 
watered every day to keep the soil moisture. The seedlings 
were grown for 1.5 month before they were moved to larger 
polybag (20×30 cm) and treated with gold mine tailings.

EXPERIMENTS WITH GOLD-MINE TAILING TREATMENT

The experiment was designed to investigate the response 
of Philippine Tung to gold mine tailings. Tailings 
were collected from gold mine tailing dam of Aneka 
Tambang Ltd., Pongkor, Bogor, West Java, Indonesia. 
The experiments were carried out using large polybags 
(20×30 cm) for approximately 8 kg of soil. The experiments 
were conducted with a Completely Randomized Design 
using 2 factors. The first factor was Philippine Tung 
varieties namely: Kemiri Minyak-1 (M1), Kemiri Minyak-2 
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(M2), Kermindo-1 (D1), Kermindo-2 (D2), and Harapan 
provenance (HR). The second factor was tailing treatment 
consisted of 4 levels without tailing, 25% of tailing, 50% 
of tailing, and 100% of tailing. Each experimental unit was 
prepared 5 times as replication.

The polybags were filled with the medium consisted 
of 8 kg of mixed soil and compost with a ratio of 3:1 
(v/v) as basic media which was combined with the 
tailings according to the treatments. The 1.5-month-old 
Philippine Tung seedlings were grown in polybags that 
had been prepared according to the treatment. Watering 
was provided every 2 days to keep all the treatment media 
moist enough. At the planting time, fertilizer was given 
with 0.6 g NPK (15:15:15) per polybag.

The plants were grown for 6 weeks and observation 
was carried out to analyze plant morphology, anatomy, 
and physiology. Morphological observation was carried 
out for plant height, leaf number, leaf area, and root 
number. The analysis of root and leaf anatomy was also 
carried out 6 weeks after treatments to observe anatomical 
response the treatments. Physiological observations were 
made on leaf photosynthesis rate, chlorophyll content, and 
MDA content to see lipid peroxidation. 

The observation of photosynthetic parameters was 
carried out using Photosynthetic Gas Exchange Analyzer 
LiCOR LI-6400. Observation was made on the fully 
expanded leaf, where each treatment had 3 replications. 
The measurement was made between 08.30-10.00 a.m. 
using LED light source under saturated light (2000 µmol 
cm-2 s-1) with rectangle (2×3 cm2) chamber.  

LIPID PEROXIDATION ANALYSIS (ROS ACCUMULATION)

Lipid peroxidation was observed to see the formation of 
free radicals (Reactive Oxygen Species, ROS) within the 
plant tissue by measuring malondialdehyde content. Lipid 
peroxidation was analyzed using a method described by 
Ono et al. (1995) by measuring total malondialdehyde 
(MDA) as an end product of lipid peroxidation. The 
leaves (0.2 g) were ground in a mortar with 0.5 mL of 
0.1% (v/v) trichloracetic acid (TCA) on ice to prepare 
leaf extract. The leaf extract then was added to 3 mL of 
1% H3PO4 and 1 mL of 0.6% TBA dissolved in 20% TCA. 
The solution was incubated in the oven at 100 °C for 30 
min. After cooling at room temperature, 4 mL of n-butanol 
solution was added and centrifuged at 4200 rpm at the 
temperature of 28 °C for 20 min. The supernatant was 
then measured using a UV-Vis spectrophotometer at 532 
nm and corrected for non-specific turbidity by subtracting 
the absorbance at 520 nm. The concentration of MDA was 
obtained from its extinction coefficient (ε = 155 L mmol-1 
cm-1) as follow:

Concentration of MDA (mM) = (A532 – A520)/155 (1)

where A532 and A520 are the absorbances at 532 and 
520 nm.

STATISTICAL DATA ANALYSIS

Statistical analysis was carried out for all the data by 
one-way ANOVA using SPSS 19.0 statistical software and 
the means were compared by Duncan’s Multi Range Test 
(DMRT) at the 5% probability level.

RESULTS AND DISCUSSION

ANALYSIS OF SOLID WASTES (TAILING) FROM GOLD 
MINING INDUSTRY

The analysis of solid waste (tailings) obtained from gold 
mining industry Aneka Tambang Ltd. Pongkor, Bogor, 
Indonesia showed that tailings contained metal elements 
considered as essential minerals including Ca, Mg, Fe, 
Zn, Mn, and Co in very high concentrations, which were 
different from those in liquid wastes (Table 1). The content 
of micro elements of Cu, Mo, and B was almost the same 
in the two kinds of wastes. The analysis also showed that 
heavy metal content especially Pb, Cd, Ag, and Hg was 
also very high in the tailings while in the liquid waste the 
compounds was much lower (Table 1). On the other hand, 
the cyanide content in the tailings was very low compared 
to that in liquid waste which contained almost 13 times 
more (Hamim et al. 2017a).  High content of heavy metals 
in the tailings should be a serious concern for researchers 
and industries so that it is handled properly and does not 
cause contamination of agricultural lands, because with 
particular treatment the heavy metal can be reduced in 
a certain period.  Phytoremediation is a method that has 
been recognized be able to reduce contaminants using 
plants (Sarwar et al. 2017). This method is cost effective 
and efficient to reduce contaminant in a wider site. 
Identification and selection of accumulator plants that are 
potential for phytoremediation is very important to support 
the success of remediation program in gold mine lands.

Table 1 shows that the tailings provided from 
tailing dam of mining industry (Aneka Tambang Ltd.) 
still contained high degree of heavy metal dominated 
by Pb and Ag, while the content of Hg was considerably 
low. This was different from Hidayati et al. (2009) 
who found that contaminated site around artisanal 
and public mining including rivers, ponds, and paddy 
field still contained mercury (Hg) in considerably 
high concentration. Therefore, for industrial mining 
application of phytoremediation should be directed to 
use the plants which have capability to reduce Pb and Ag. 
R. trisperma has been recognized be able to absorb Pb 
in the root as well as shoot tissues based on qualitative 
histochemical analysis (Hilmi et al. 2018).   

In addition to high content of heavy metals, the 
tailings also had high concentration of other metals 
categorized as essential elements such as Ca, Mg, Fe, 
Mn, and Zn (Table 1). These elements in some extent 
are required by plant as mineral nutrition, even though 
for micro-elements such as Fe, Mn, and Zn may become 
toxic for plant under higher concentration (Ali et al. 2013). 
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However, high content of Ca and Mg which improved soil 
pH up to 7.2 as compared to untreated media (pH=6.3) may 
cause the availability of micronutrients might be become 
limited (Taiz & Zeiger 2010). This condition suggest that 

solid tailing may have multiple challenges for plant growth 
and development, because beside the damage of physical 
structure, gold mine tailings also contains higher essential 
metal elements as well as heavy metals.

TABLE 1. Mineral, heavy metals and cyanide content of tailings and liquid waste 
of gold mining industry Aneka Tambang Inc. Pongkor, Bogor, Indonesia (ppm)

Mineral content Tailings Liquid waste*)

Macro- and micronutrient
K 10.957 22.477

Ca 409.392 12.021

Mg 3962.711 1.626

Fe 10348.154 2.172

Cu 1.180 2.064

Zn 22.640 0.867
Mn 1791.457 0.078
Mo < 0.005 < 0.005
B < 0.020 < 0.020
Ni 0.111 0.046

Co 3.591 < 0.005
Heavy Metals
Pb 93.591 < 0.004
Cd 1.261 0.003

Ag 13.364 0.074

Hg 0.064 < 0.002

Cyanide (CN) 0.810 12.400
*) Hamim et al. (2017a)

ANALYSIS OF MALONDIALDEHYDE CONTENT
After gold-mine tailing exposure for 6 weeks, 
malondialdehyde (MDA) content of R. trisperma leaves 
was measured to investigate the occurrence of oxidative 
stress indicated by the accumulation of reactive oxygen 
species (ROS) inside the plant tissues. The treatment 
with gold-mine tailings caused a slight increase in MDA 
content of the leaves which followed the curve of Y=-
44.76x2+241.53x+8.06 (R2=1), and the maximum increase 
was reached by the treatment with 100% of tailing which 
increased MDA content by approximately 61% (Figure 
1). The increased of leaves MDA content suggested that 
lipid peroxidation occurred in the plants as indicative of 
oxidative stress. However, the increase of MDA due to the 
treatment with solid tailings was not as large as that in the 
experiments with liquid waste contained higher cyanide, 

which caused an increase in MDA up to more than 4 times 
(Hamim et al. 2017a).

The increase of MDA content is a general characteristic 
of plant under environmental stress such as drought, 
temperature, salinity, and the stress due to heavy metal 
as well as hydrocarbon contaminants (Apel & Hirt 
2004; Hamim et al. 2017b; Hilmi et al. 2018; Savicka & 
Skute 2010). Although there was an increase of leaves 
MDA content, but the plants did not show symptoms 
of stress during 6 weeks’ treatment. This was different 
from the treatment of gold-mine wastewater that caused 
discoloration of leaves from green to yellowish after 
the treatment of wastewater for 14 days (Hamim et al. 
2017a). This different response perhaps because ROS 
accumulation that occurred due to the treatment with 
solid tailings indicated by a slight increase of MDA 
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content had no negative affect to the plant. This suggests 
that Philippine Tung plant may have a good ability to 
deal with the formation of ROS through physiological 
mechanisms, such as antioxidant mechanism (Nazar et 
al. 2012) or through the strong role of peroxisomes (Apel 
& Hirt 2004). Previous study suggested that the leaf of R. 
trisperma grown in water culture exposed with gold mine 
wastewater had more peroxisomes than that of the control 
one (Hamim et al. 2017a). 

ANALYSIS OF PHOTOSYNTHESIS

The analysis of photosynthesis showed that the treatment 
with gold-mine tailings for 6 weeks significantly (P<0.05) 
increased net photosynthetic rate (Pn) of all Philippine 
Tung varieties (Figure 2). The significant increase of Pn 
was demonstrated by plants received tailing treatment of 
50 and 100% although in some varieties the increase of 
Pn began from the tailing treatment of 25% (Figure 2). In 
average, the increase of tailing concentration in the media 
from 25 until 100% improved photosynthetic rate from 
6.6% at 25% of tailing up to 17.7% at 100% of tailing as 
compared to control plants following the quadratic curve of 
Y=0.0002X2+0.0387X+9.8279, (R2 0.98) (Figure 3(A)). 
The graph also showed that the average of photosynthesis 
increased significantly due to the treatment of 50 and 100% 
of tailing (Figure 3(A)). There was a variation response 
among the varieties, where Kermindo 2 (D2) had the 
highest average of Pn, while Kemiri Minyak 1 (M1) had 
the lowest (Figure (3B)).

Photosynthesis is an important physiological 
parameter that is highly influenced by environmental 
stresses such as temperature, drought, salt, and heavy metal 
(Allakhverdiev et al. 2008; Hamim et al. 2016; Maksymiec 
2007; Nazar et al. 2011). The increase of photosynthesis 
in response to tailing treatments may be associated with 
positive response of the plants to high concentrations 
of some macro- and micronutrients contained in the 
tailings including Ca, Mg, Fe, Zn, Mn, and Co (Table 
1). In the case of Cd toxicity for example, Sarwar et al. 
(2010) explained that the nutrient adequacy including Ca, 
Mg, Fe, and Zn will compete with Cd absorption which 
lessening toxic effect of this metal to the plants. Nazar et 
al. (2012) found that sufficient availability of nutrients 
had positive effect on plant under metal stress by inducing 
several physiological processes. The processes included 
antioxidant activation to maintain the redox status of 
plant cell, removal of reactive oxygen species (ROS), and 
mitigation of metal-induced stress by which functionality 
of photosynthetic system could be maintained (Nazar 
et al. 2012). Dong et al. (2019) also investigated that 
addition of Zn improved the level of mineral elements to 
alleviate Cd toxicity in tall fescue (Festuca arundinacea). 
In addition, the individual element also has important role 
in photosynthesis processes. Magnesium (Mg) is part of 

chlorophyll molecules that occupies in the middle of the 
chlorophyll molecules which binds tetra-pyrrole rings 
(Beale 1999). Mg is an essential macronutrient for the 
plant growth and development (Gransee & Führs 2013) and 
numerous key functions in plants (Cakmak & Yazici 2010). 
Mg is a cofactor and allosteric modulator for more than 300 
enzymes, including carboxylases, phosphatases, kinases, 
RNA polymerases, and ATPases (Farhat at al. 2016). 
Furthermore, some researchers found that application of 
Mg in the root as well as through the leaves apparently 
improved chlorophyll pigments (Kováčik et al. 2014).

Other elements also important in physiological 
processes, such as Iron (Fe) which is a trace element 
required to produce chlorophyll from its precursor 
5-aminolevulinic acid (ALA), therefore, iron deficiency is 
a serious physiological disorder, prevalently on calcareous 
soil (Santos et al. 2015). Application of Fe have been 
reported able to improve chlorophyll content, for example 
in grapevine applied with Fe derived from blood bovine 
(Tessarin et al. 2013) and in Citrus maxima applied with 
foliar spray of iron oxide nanoparticles at 50 mg/L (Hu et 
al. 2017). The similar pattern also found in watermelon 
treated with iron oxide nanoparticles, where application 
with 20 mg/L improved chlorophyll and growth, but at 
the concentration higher than 50 mg/L it induced oxidative 
stress (Wang et al. 2015). In this experiment, therefore, 
higher Fe content in the tailings may be beneficial for the 
plant grown under very high calcium content (Table 1) as 
is the case of calcareous soil (Santos et al. 2015). Under 
metal stress condition, Fe stabilizes complex proteins and 
provide stability to chloroplast under Cd stress in Brassica 
juncea (Qureshi et al. 2010) and protects photosynthetic 
tissues in Lupinus albus (Zornoza et al. 2010). 

PLANTS GROWTH MEASUREMENT
The treatment of gold mine tailings for 6 weeks did not 
significantly (P>0.05) affect Philippine Tung growth and 
morphology. There was no substantial symptom of toxicity 
such as leaf chlorosis or necrosis that was observed from 
the plants treated with gold mine tailing up to 100%. 
Approximately only 10% of the total population underwent 
senescence after 6 weeks, which was spread out in all 
the treatments, not subject to the specific treatments, 
suggesting that in general these plants had good resilience 
to the tailing treatment. The survival of Philippine Tung 
under 100% gold mine tailings is good indication of 
tolerance, because most of the study usually use only 30-
50% of the tailings such as in several grasses (Muddarisna 
& Kristayanti 2015). After 6 weeks, Philippine Tung roots 
had also developed and spread out very well covering all 
part of the media including the treatment contained 100% 
of tailings (Figure 4).

The analysis of roots and shoot dry weight carried 
out after 6 weeks of treatment suggested that the treatment 
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of gold mine tailings up to 100% significantly (P<0.05) 
increased plant growth, indicated by both roots as well 
as shoot dry weight of the plants (Figures 5 & 6). The 
treatment with the tailings up to 100% increased the 
average of root dry weight up to 70% in which the increase 
followed the pattern of curve of Y = 0.54 ln(x) + 0.74 
(R2 = 0.98) (Figure 5). The Harapan provenance (HR) 
had the lowest root dry weight among the five varieties 
of Philippine Tung, while Kermindo 2 (D2) showed the 
highest value of root dry weight followed by Kemiri 
Minyak 1 (M1) (Figure 5).

In line with the roots, the canopy (shoot) dry 
weight which was a combination of stems and leaves 
also increased significantly (P<0.05) in response to the 
treatment with gold mine tailings for 6 weeks (Figure 6). 
The maximum increase of canopy dry weight was even 
higher than that of the roots by which the treatment of 
tailings 100% caused the increase of canopy dry weight 
up to 90% compared to the control plant. The increase of 
shoot growth in response to gold mine tailings followed 
the pattern of the curve of Y = 0.11X2 + 0.25X + 1.58 (R2 
= 0.9852) (Figure 5).

The increase of growth in response to gold mine 
tailing treatment was in line with photosynthesis 
improvement (Figure 3). To quantify relationship between 

photosynthetic rate and plant growth, the regression of 
both parameters was analyzed (Figure 7). The graph showed 
that photosynthesis rate has highly correlation to roots as 
well as shoot growth. The increase of photosynthesis 
of plants under higher tailing concentration caused the 
increase of plant growth, which suggests that Philippine 
Tung plant is resistance to gold mine tailings. This result 
is consistent with Nazar et al. (2012) who also found that 
higher mineral nutrition improved photosynthesis of plant 
exposed to Cd contaminant which resulted in the increase 
of plant dry mass, growth and yield. Higher increase of 
plant growth also demonstrated the capacity of the plant to 
act in phytoremediation. Some researcher also uses growth 
rate as an important indicator for plant that will be used 
in phytoremediation program (Muddarisna & Kristayanti 
2015). Higher total dry weight illustrated higher total 
accumulation of metal in the tissues that is important for 
phytoremediation. Philippine Tung has been proven to 
survive well in some post-mined land such as tin, bauxite 
and cement mining (Pranowo & Herman 2015). Since 
this species was proven be able to absorb and accumulate 
Pb to the leaves based on qualitative histochemical 
analysis (Hilmi et al. 2018), this experiment considered 
that Philippine Tung is resistant to gold mine land and 
have good potential for phytoremediation process in gold 
mining area. 
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FIGURE 1. Increased MDA content of Kemiri Sunan leaves 
in response to treatment with solid tailings 50 and 100%.  

Error bars represent ± SE of Duncan’s test, p < 0.05
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FIGURE 2. The photosynthetic rate of Kemiri sunan varieties treated with tailings 
with the concentration of 0 (T0), 25 (T1), 50 (T2) and 100% (T3) in the media (M1: 

Kemiri Minyak 1, M2: Kemiri Minyak 2, D1: Kermindo 1, D2: Kerrmindo 2 and HR: 
Harapan line).  Error bars represent ± SE of Duncan’s test, p < 0.05

FIGURE 3. The average of photosynthetic rate of five varieties in response 
to gold-mine tailings with the concentration of 0, 25, 50, and 100% (A), and 
The average of photosynthetic rate of each Kemiri Sunan varieties (B), (M1: 
Kemiri Minyak 1, M2: Kemiri Minyak 2, D1: Kermindo 1, D2: Kerrmindo 2 
and HR: Harapan line).  Error bars represent ± SE of Duncan’s test, p < 0.05
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FIGURE 4. Kemiri Sunan roots penetrated and spread out 
within the media treated with gold mine tailings of 50% 

(left) and 100% (right) after 6 weeks of the treatment

  

 

   

 FIGURE 5. The average of root dry weight of 5 varieties of 
Kemiri Sunan in response to tailing treatment for 6 weeks 
(A) and the variation of root dry weight of each varieties 
(B). Error bars represent ± SE of Duncan’s test, p < 0.05

  

 FIGURE 6. The average of shoot dry weight of 5 Kemiri sunan varieties 
in response to the treatment with various solid tailings for 6 weeks (left) 
and the variation of canopy dry weights of Kemiri sunan varieties (right).  

Error bars represent ± SE of Duncan’s test, p < 0.05
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CONCLUSION

Five varieties of biodiesel producer plants (Reutealis 
trisperma [Blanco] Airy Shaw) treated with gold-mine 
tailings until 100% were able to sustain and grow well 
for 6 weeks in the greenhouse experiment. Gold-mine 
tailings treatment increased malondildehyde (MDA) 
content up to 61%. After 6 weeks, R. trisperma treated 
with gold-mine tailing had higher photosynthetic rate (up 
to 17%) than that of the control (untreated) plants, which 
resulted in the improvement of root and shoot growth up 
to 70 and 90%, respectively. Higher content of Ca, Mg, 
Fe, Zn, and Mn in the tailing was probably the cause of 
the positive effect of the tailing treatment to these plants. 
Based on growth and photosynthesis sustainability 
during the treatment, R. trisperma plants are tolerant to 
gold-mine tailings.
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