'\i‘;_

o

International Journal of Research in Agricultural Science:

Volume 3, Issue 2ISSN (Online): 234&- 3997)

Effects of Mycorrhizae onPhytoremediation of Soil
Contaminated with Small-Scale Gold Mne Tailings
Containing Mercury

Bekti Indraningsih

Abstract — A study that was aimed toexplore the effects o
mycorrhizae inoculation on the potential of local tee species
(Duabanga moluccana, Paraserianthes falcataria, and
Erythrina orientalis) for phytoremediation of soils
contaminated with smallscale gold mine tailings containing
mercury was conducted in a glasshouse. Each of the ple
seedlings was planted in a plastic pot containingOlkg of
tailing- contaminated soil. Treatments tested were three plar
species, and doses cfycorrhizal inoculation, i.e. 0 and 3(
spores/ plant. At harvest of nine weeks, shoots and roots we
analyzed for mercury concentration. The remaining sis in
the pots were used for growing maize for eight wesk The
results showed that themost potential plant specie for
phytostabilization was P.falcataria, while the most mercury
tolerant plant was D.moluccana. Without mycorrhizal
inoculation, the highest accumulation of mercury
(73.51mg/kg) was found in the rootof P.falcataria. If the
mycorrhizae were inoculated, the highes accumulation of
mercury was found in the root of D. moluccana. Results of
the second experiment proved thathe growth and biomass
production of maize after mycophytoremediation by the
three plant species were higher thathose of maize grown or
media without myco-phytoremediation.

Keywords — Mycorrhizae, Local Tree Species, Myco
Phytoremediation, Phytostabilization, $il Contaminated.

. INTRODUCTION

Indonesia is considered as the main location fer
small gold mining activities (ASGM). In 2010, therere
about 900 ASGM spots inndonesia, which cove
approximately 250,000 miners and about 1 mil
populations depend on this sector [1]. In most lof
ASGM in Indonesia, generally amalgamation proceisis
mercury followed by cyanidation process is usec
recover gold [2]. One ofASGM sites is located i
Sekotong District of West Lombok. Wastes of
amalgamation and cyanidation processes in the fofr
sludge that still contain Hg and various other Iy
metals, are generally discharged to agriculturat land
water bodies. Redts of a survey conducted by [3]
ASGM locations in Sekotong District of West Lomk
showed that on average the amalgamation tailingtots
3,002 mg Hg / kg, while the gold cyanidation tajk
contain 1,628 mg Hg / kg. These high Hg contentthe
tailings led to the increasing Hg content in s
contaminated by smadleale gold mine tailings.
sustainable technology that promises to restoratid
metal contaminated soil is phytoremediation

Phytoextraction and phytostabilization are the |
widely used technique in phytoremediation of hemetal
contaminated soil. Because the Idegm accumulation ¢
metals in aboveground plant biomass may pose aofi
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transfer to the food chain, phytostabilization b&na more
viable approach than plogxtraction for the manageme
of heavy metal contaminated sites [5]. The useaiiva
plants is the focus of phytostabilization. Becaakenany
species of native plants that have adapted to
contaminated conditions, then the best way for
selectim of the best species is through observatiol
native plant species that can grow near heavy r
contaminated area [6]. Previous studies reported ith
areas contaminated by tailings generated from

cyanidation processes at Sekotong District of st
Lombok there were at least 28 species of treeshhat
long to adapt and survive in extreme conditiongH|
metal concentration) [7]. Among them, three spe
(Duabanga moluccana, Paraserianthes falcataria, and
Erythrina orientalis) are candidatesor phytostabilization
strategy based on the tolerance to heavy metals R6s

Cu, and Zn).
Actually, the plant does not solely do phytostaiaiion
since there is always the interaction betw

microorganisms in the rhizosphere that led to iasee
actvity associated with the remediation [8]. Utomoakt
[9] reported thatDuabanga moluccana, Paraserianthes

falcataria, and Erythrina orientalis found in the ASGM
locations at Sekotong District of West Lombok wéme
association withGlomus aggregatum, Glomus deserticola,

Glomus geosporum, Glomus leptotichum, and Glomus

mossaeae. This suggests that the association

mycorrhizae with the three plant species can béhdu
developed for myc@hytoremediation. Arbuscul

mycorrhizal fungi (AMF) are important enchytes that
live in the roots of most terrestrial plants. Thignbiosis
directly benefits plant growth through the acqigsitof

phosphorus and other nutrients from the soil. Iditazh,

the fungus can also increase plant resistanceotic lind
abiotic stresses [10]. Arbuscu mycorrhizal fungi also
play an important role in reducing the influencehefivy
metal stress on plants [11].

Arbuscularmycorrhizal fungi (AMF) can reduce me
stress on host plants or improve plant growth tghoa
variety of ways. Production and excretion of orga
compounds (e.g. citrate and oxalate) can improwe
dissolution of phosphate mineral, which is one sxfemtial
nutrients for plants [12]. On the other hand, theréasec
solubility of metals or metal complexat through
mycosphere acidification can enhance the uptakeetéls
by plants that it is very important in phytoextiant
Metal complexation occurs through glomalin, i.e.tah
absorber glycoprotein produced by the AMF |
biosorption into the cell wallanstituent such as chitin al
chitosan [12].
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External mycelium of AMF cause more brea
exploitation of the soil volume that can be reachgdhe
roots [13] [14], thus increasing access to heavyalaan
the rhizosphere. In addition to the above, Alcan
improve plant growth on heavy metals contaminatsit|
[15] due to improved supply of nutrients [16] [1The
availability of water [18] and the improvement abils
aggregation [19] [20]. This study was aimed to erplthe
effects of mycorrhizae inotation on the potential of tre
species (Dmoluccana, P. falcataria, andE. orientalis) for
phytoremediation of soils contaminated with si-scale
gold mine tailings containing mercury at Sekotorigtiict
of West Lombok, Indonesia.

1. MATERIALS AND METHODS

A. Experiment 1. Effects of Mycorrhizae Inoculation
on Phytoremediation of Hg by Three Plant Species

The study was conducted in a glasshouse STPP M
from June to December 2014. The three dominant
species tolerant of contamination of gold nidation
tailings reported by Utomo et al. [9], nami
D.moluccana, P.falcataria, and E. orientalis, were planted
in plastic pots containing a mixture of cyanidattailings
and compost (50%: 50% by weight) referring to
method of Mendez et al. [21].h€E tailings were collecte
from tailing disposal sites at Sekotong District \West
Lombok (118.46'-116.20' E and 325-8°.55' S). The
characterization of tailings that included textupd], as
well as organic C, totaW, total P, and Hg was perform
by standard laboratory methods of Soil Laborat
University of Brawijaya. Hg concentration was detared
using a F73% Mercury Cold Vapor Atomic Absorptic
analyzer (Shanghai Huaguang Instrument Compangd
on the reduction of mercury by stannum ride (SnC)).
Results of the analysis of tailing samples showeel
tailing characteristics as follows: sandy loam test pH
8.73, 0.47% organic @.02% N, 5 mg P / kg, and 357.
mg Hg/kg. Compost used in this study was obtaimerth
Brawijaya Univesity Composting Unit with |
composition of 1.2% N, 1.4% P, 0.63% K, pH 5, CAtlla
of 1213 and 30% water. Results of the chemical ana
of the tailings and compost mixture were as follopsl
7.83, 1.73% organic C, 0.07% N, 17,68mg P / kg,
130.39 mg Hg / kg.

The treatment tested in this study was a combinaiit
three species of trees, mycorrhizal inoculationd
without mycorrhizal inoculation. Dose of mycorrhi:
inoculation was 30 mycorrhizal spores per plant.o’
seeds of each speciespants that have been germina
were planted on 10 kg growing media described alaod
grown for 63 days (maximum vegetative). Before pitay)
each pot received basal fertilizers of 100kg N [ihathe
form of urea), 50kg s / ha (in the form of SPJ) and
50kg KO / ha (in the form of KCI). Six treatments w
arranged in a completely randomized design witled
replications. The water content of the soil mediums
maintained at a water holding capacity. During
experiment, the supply of water svalone every day |
maintain a sufficient water supply for plant growfiant
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height was measured every 7 days, while the ¢
biomass, root biomass, and numbeimycorrhizalspores
were measured at harvest (63 days). The shoot bi
and root biomassvere dried in an oven at 40 ° C for
hours for the analysis of Hg using a F-S Mercury Cold
Vapor Atomic Absorption analyzer (Shanghai Huagu
Instrument Company). Data were obtained were stdaj
to analysis of variance followed by least signifit
difference test at 5%.
B. Experiment 2: Effects of Myco-Phytoremediation
on Growth of Maize

Pots that still contained the growing media aftee
experiment 1 described above was then used forigge
maize (NK33 variety from Board of Agriculture
Malang) for 84 days. Treatments consisted of se
treatments (six former treatments of experimerairit], one
control, the planting media without phytoremediajic
Before planting, each pot received basal fertibzexf
100kg N / ha (in the form of urea), 50k,Os / ha (in the
form of SP36) and 50kg 4O / ha (in the form of KCI)
Seven treatments were arranged in a randomized|ets
block design with three replications. During
experiment, the supply of water was done every tie
maintain a sufficient watesupply for plant growth. A
harvest (84 days), maize shoot dry weight, main¢ doy
weight, maize cob dry weight, and Hg contents irizen
shoot and root were measured as in the experimddata
were obtained were subjected to analysis of vae
followed by least significant difference test at

[1l. RESULTS AND DISCUSSION

A. Mychorrizal Density
Of the three types afycorrhiza: found, Glomus was
the most widely populatiorcolonizing the plant roots
(Figure 1) The highest numb of indigenou smycorrhizae
of Glomus was observed & .falcataria (PfM1) treatment
and the lowest was dE.orientalis (EoM1) treatment.
p.falcataria was a bettehost plar for mycorrhizae than
E.orientalis. Determinants ¢ the effectiveness of
mycorrhizal inoculationin addition t¢ placement, a
placementand soil conditions/environme, is host plant
species. Comparison of digenousr ycorrhizal density in
each treatment with mycorrhizar presented in
FigurelshowsthatGlomus was the most compatible
mycorrhizae against thtree types chost plants studied.
70 A

a0

E 50 A OD. moluccanna
5‘ a0 - OF. falcataria
‘E BE otientalis
= 30 A
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Glomus Crigaspora Skutelespora
Mycchorizhae

Figure 1.Density of indigenous mycorrhiz
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B. Growth of Phytoremediator Plants

D.moluccana without mycorrhizae(DmMO) had the
fastest growth, whileE.orientalis withoul mycorrhizae
(EoMO) had the slowest growthFifure 2). Since the
beginning of the growth perio®.moluccana showed a
high level of adaptation. Mycorrhizahoculatior did not
significantly affectplant growth and biomass (shoot ¢
root) weightof the three tested plant spec(Figure 3). In
line with the growth, the highest sh and root dry
weights were found ifD.moluccana withoul mycorrhizae
(DmMO0), while the lowest was observed E.orientalis.
This indicates thaD.moluccana is more tolerant to H
than the other tested plant species.
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Figure 2. Growth oP.falcataria (Pf), D.moluccana (Dm),
andE.orientalis (Eo) with mycorrhizalnoculation (M1),
and without mycorrhizahoculation (MO) for 9 weel

C. Mercury Accumulation by Phyoremediator Plants
The highest Hg accumulation (73.51mg/kg)was
observed in the roots éf.falcataria without mycorrhizae
inoculation (PfMO0), while the lowesHg accumulation
(1.58mg/kg was found inthe shoots ¢ E.orientalis
without mycorrhizae inoculationEpMO) at (Figure 4).
The highest total mercury accumulation (shoot aout)
was found inD.moluccana with mycorrhizae (DmM1) o
86.93 mg / kg and the lowest . orientalis without
mycorrhizae (EoMO) of 28.31 mg / kg. Results
statistical analysis, however, shedv that mycorrhize
inoculation did not significantly affect the acculation of
mercury. This might indicate a loss of Hg whichn dze
attributed to Hg volatilization as a result of mytuzae
influence [25].
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Fig. 3. Shoot and root dry weights®falcataria (Pf),
D.moluccana (Dm), andE.orientalis (Eo) with
mycorrhizal(M1), and without mycorrhiz. (MO0)
inoculation grown for 9 wee
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All treatments posed TF values of less than 1,
DmM1 = 0.47, DmMO = 0.23, PfMO = 0.18, PfM1 = 0..
EoMO = 0.06, EoM1 = 0.03This indicates th: all tested
plants are potential plants for phytostablizatidrategy
[22]. It is argued that the bioavebility of mercury in the
rooting zones of the three plant specdeclined into a
form that was lesssoluble as absorbed by orga
compounds released by plant roots, or at the metal
into the root surface, and then accumulated the met
the root tissues [23] [24]0utside the roots, the hyph
and root surface could adsorb Hg so that Hg traasion
into roots could be inhibited, and inside the roats
change cell wall components of plant, hence pog
enhancing the sequestration of Hg [25]. In with this,
buffering heavy metadtress had been assigned, at |
partly, to selective immobilization of heavy metdts
those root tissues that contain fungal structu?€$ ¢r to
the high metal sorption capacity of the extra rak
mycelium of AMF [27].

Overall, the tested three plant species could ed fsr
phytostabilization of soils contaminated with sr-scale
gold mine tailings, but its interactions with myduzae
did not significantly affect the accumulation of moary.
AM fungi have genally such a strong influence on ple
biomass that the mycorrhizal effect on pl-extraction
remains positive [28]. The highest potential forrocugy
accumulator was P. falcataria without mycorrhi
inoculation, but D.muluccana inoculated with mybiree
also posed as the best potential plant for phytditation
of mercury. Supriyanto [29] who tested to grow Deasadp
moluccana and Paraseriani falcataria on gold mine
tailings reported that the two plant species werke &0
grow well with few additnal inputs such as comp
a0 4
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Fig. 4. Accumulation of mercury in shoots and root:

P.falcataria (Pf), D.moluccana (Dm), andE.orientalis

(Eo) with mycorrhiza{M1), and without mycorrhiz
(MO) inoculation grown for 9 wee

D. Growth and Biomass of Maize After Myco-
Phytoremediation

The fastest growth rate of maize was initially olbed
in the media previous grown with mycorrhizae inated!
P. falcataria (PfM1) (Figure 5). However, in the last we
of observation, the growth rate of maize in the ia
previously grown with mycorrhizae inoculateD.
moluccana (DmM1) exceeded that of PfM1 treatme
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Fig.5. Growth of maize on growing media previou
grown withP.falcataria (Pf), D.moluccana (Dm), and
E.orientalis (Eo) with mycorrhiza{M1), and without
mycorrhizal(MO0).inoculatior

Compared to the maize growth rate at the col
treatment (media with no phytoremediation treatiehe
rate growth ratet all treatments were better. The rate
maize growth in the treatments with mycorrhi.
inoculation was higher than that of without mycarae.
This indicates the role of mycorrhizae in improv
environmental conditions for plant growth agairtstsses.
Harm et al. [12] pointed out that mycorrhizae caduce
stress against metal to enhance plant growth. Fawet
al. [30] reported mycorrhizae application increa
biomass, yield and yield component of ccThe highest
maize plant biomass was alsibservedin the media
previously treated mycorrhizaemoculated P.falcataria
(PfM1) and the lowest wda the control treatmer(media
with no phytoremediation treatment).ata presented in
Figure6showthattreatmentof threpecies bo! with and
without mycorrhizaedid not significantly affec weights
of shoot, root, and maize seed. Thibécause the maize
plant is tolerant ofextreme conditior, such as heavy
metal stress and lack of water.
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Fig. 6. Dry weights of shoot, root, and seed of maiz
growing rredia previously grown witP.falcataria (Pf),
D.moluccana (Dm), andE.orientalis (Eo) with
mycorrhizalinoculation (M1), and without mycorrhi:
inoculation (MO).

E. Mercury Accumulation by Maize

Results of analysis of varianggovec that among the
treatments significantly affectedhe accumulatic of
mercury in maize. The higheshercun accumulation
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(239.43 mg/kg) was founidh the roots o maize on the
media previously plantedvith mycorrhizae inoculated
D.moluccana (DmM1), while the lowest mercury
accumulation (0.36mg/kgyas fount in the maizecorn on
media previously cultivatesvith mycorrhizae inoculated
p.falcataria (PfM1) (Figure 7).If the maize is to be used
for human consumption, theptima treatment is PfM1.
However, if the maize shodg to be use for animal feed,
the optimaltreatmentisDmM1 because of the low
content of mercury compared with other treatrr. The
overall results of experiment2showed the
accumulation of mercury it maize grown on soil
previously remediated by thrégpes of plants (experiment
1) was lowerwhen compared to t accumulation of
mercury inmaize grown on soil th previously was not
remediated soil withthe testecthree plant species. Thus
the process of phytemediatiol of mercury (in this case
was phytostabilizationbased on the TF vall) by three
species of plants hadgamod potentic for the improvement
of the quality ofsoils contaminated wi small-scale gold
mine tailings containingnercun.
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Fig. 7. Accumulation of mercury in shoot, root, ¢
grains of maize grown on media previously usec
growingP.falcataria, D.moluccana, andE.orientalis with
and without mycorrhizae inoculati
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[V. CONCLUSION

Mycorrhizae were commonly found in the rooting z
of various indigenous plants grown near contaminated
with smallscale gold mine tailings at Sekotong District

West Lombok. Mycorrhizaegenuswere Glomus,
Gigaspora and Skutelespora. Glomus was the
mostcolonizing the plant rootsof P.falcataria,

D.moluccana, and E.orientalis. The most potential loce
plant species for phytostabilization wRsalcataria, while

the most mercury téerant local plant waD.moluccana.

Without  mycorrhizae  inoculation the  highest
accumulation of mercury wagound ir the root of
p.falcatariaof73.51mg/kg. If the mycorrhizae wer:
inoculated, the highesaccumulation ¢ mercury was
found in the root ob.moluccana. Results of experiment

proved that the growth arliomass productic of maize
after phytoremediation by threspecies c plants above
were higher thathose of maize grown on media withc
phytoremediation.
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