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ABSTRACT

The concept of plants and microbes utilization for remediation measure of pollutant contaminated soil is the newest
development in term of petroleum waste management technique. The research objective was to obtain wild grass
types and hydrocarbonoclastic bacteria which are capable to synergize in decreasing petroleum concentration
within petroleum contaminated soil. This research was conducted in a factorial by using a randomized completely
block designThe first factor was wild grass type which were without plamax procumbengrass and.epironia
mucronatagrass. The second factor was hydrocarbonoclastic bacteria type which were without bacterium, single
bacterium ofAlcaligenes faecalisingle bacterium d?seudomonas alcaligenesd mixed bacteria éficaligenes
faecaliswith P. alcaligenesThe results showed that mixed bactefa {aecalisandP. alcaligeneywere capable

to increase the crown and roots dry weights of these two grasses and bacteria population, decreased percentage of
TPH (total petroleum hydrocarbon) and had better pH value than that of single bacterium. The highest TPH
decrease with magnitude of 70.1% was obtained on the treatmiemhoéronatagrass in combination with mixed
bacteria.

Keywords Biodegradation, hydrocarbonoclastics, wild grass

INTRODUCTION microbes such as bacteria, some yeast types, molds,
cyanobacteria and blue algae (Singh &viakd

Oil waste as the impact of petroleum industry 2004). Microbes can decompose petroleum
can produce negative effect on living organisms andcompound because of their capability in oxydizing
their ecology This negative impact is due to the hydrocarbons and use these substances as one of
content of oil composition which is dominated by their electron donor which involved in oil spill
toxic hydrocarbons coumpounds. Oil waste can becleaning process through oxydizing petroleum into
originated from oil spill and scatter during the drilling carbon dioxide gas Cp
activity, refinery production and transportation, oil Petroleum-polluted area is the microbia isolate
seepage from its reservaiil spill and scatter during  source that capable to degrade petroleum. Gofar
operation of loading or unloading at harbours, oil spill (2011) had found 3 petroleum polluted isolates of
from leakage or waste from tanker/ship, used orindigenous hydrocarbonoclastic yeasts from
rejected oil as well as wastes from other activities. mangrove forest of Sungsang, South Sumatra that
The crude oil spill can be absorbed and accumulatedapable to degrade petroleimvitro. Widjajantiet
within soil (Pezeshket al.2000). al. (2010) had discovered 5 bacteria isolates having

As the pollution impact from petroleum is relatively high capability in petroleum degradation
relatively significant, then the technology having which consisted d8acillus aminovoran3.17%),
characteristics of simple, cheap and not producingPseudomonas alcaligen€53.04%),Alcaligenes
further impact is required. One of the recommendedfaecalis (52.54%),B. ceeus (51.68%) andB.
method to accelerate petroleum degradation processphaericus varatans(51.30%) which was isolated
is called bioremediation technique. Petroleum from petroleum polluted area within mangrove area
biodegradation can be conducted by utilizing of South Sumatra.

In addition to petroleum biodegradation by using

3 Trop Soils, 6l. 18, No. 2, 2013: 161-168 bacteria, plants are also capgb_le to cleqn polluting
ISSN 0852-257X substances from soil. Remediation by using plant at
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petroleum contaminated soil is a process known asand microbia utilization for remediation of pollutant
phytoremediation. Phytoremediation is an emergingcontaminated soil is the newest development in
green technology that can become a promisingpetroleum waste processing technologhe
solution to the problem of decontaminating objective of this study was to obtain the wild grass
hydrocarbon-polluted soils (Shirdagh al 2008). types and hydrocarbonoclastic bacteria that were
The principle of phytoremediation is based on certaincapable to synergize in decreasing petroleum
plant natural ability to bioaccumulate, degrade, or concentration within petroleum polluted soil.

render contaminants harmless in soils, water or air

Contaminants such as crude oil and its derivative MATERIALS AND METHODS

have been mitigated in phytoremediation projects.

Plants such as mustard plant, alpine pennycress anftudy Site

pigweed have proven to be successful at
hyperaccumulation of crude oil and its derivatives
in soil (Mendez and Maier 2008). Phytoremediation
of polluted soil involves: uptake of crude oil from
soil or watey accumulation or processing of these
chemicals via lignifications, volatilization,

The survey had been conducted at Limau
Village of Prabumulih CitySouth Sumatra in order
to get plants which are naturally grow on petroleum
contaminated soil. There were two dominant grasses
which grew at petroleum contaminated soil having
metabolization, mineralization and the use of 1P concentrations of1184% and 33.14% that

enzymes to break down complex organic moleculesVere identified respectively dsidax procumbens
into simpler molecules (ultimately carbon dioxide and (S0nggolangit) andlepironia muconata (purun).

water) and increases the carbon and oxygen contenThe hydrocarbonoclastic bacteria isolates were

of soil around the roots, which promote microbial/ OPtained from study by Gofar (2012) which consisted
fungal activity and decay of root tissues (Haig of A. faecallsand Pseudomonas alcaligens
al. 2001). bacteria.

Organic pollutants such gsolyaromatic Experimental Setup
hydrocarbong(PAHS) can be handled by using this
technique. Saghum Somhum bicolo) and This research was conducted by using a
common flax Linum usitatissumuinshowed randomized completely block design. The first factor
promising remediation efficiency in highly was wild grass type treatments which were consisted
contaminated soil, howevgretroleum hydrocarbon of without plant,Tridax procumbengrass and..
contamination reduced the growth of the surveyedmucronata grass. The second factor was
plants significantly Soghum and common flax hydrocarbonoclastic bacteria treatments which were
reduced TPHs concentration by 9.500 and 18.500consisted of without bacterium, single bacterium of
mg kg, respectivelycompared with the control Alcaligenes faecalissingle bacterium of.
treatment (Shirdaret al 2008). Results of study alcaligenesand mixed bacteria &. faecaliswith
by Onwukaet al. (2012), the use o€ynodon P. alcaligenes
dactylon Lin the remediation of crude oil polluted Ultisol soil samples for capability testing of
soil has been clean-up crude oil polluted soil. Meanselected plants and bacteria in bioremediation
total petroleum hydrocarbon (TPH) concentration process were taken from 0-20 cm soil lagérdried
after remediation wittC. dactylonL. showed a and sieved with 2 mm hole diameter siev&oil
significant decrease wherompared to the mean samples had acid reaction (pHGH= 4.23) with
TPH concentration before remediation. Rossianahigh C-organic content (37.00 g-Rgmedium total
(2004) showed that phytoremediation of mud wasteN content (2.80 g k§, high available phosphorus
containing 20 % of oil by using “sengon” plant content (1.55 mg kd) polluted by petroleum with
(Paraserianthes falcatariaL. Nielsen) in  TPH content of 5% and subsequently incubated for
combination with bacteria &fseudomonas mallei, 2 weeks. Hydrocarbonoclastics bacteria were
Bacillus alveiandBacillus nigricansas a potential ~ applied on soil with population of 10cells L at
to be developed as bioremediation agent.dose 10 mL per kg soil and further incubated for 1
Phytoremediation using “sengon” plant in week.The 2-week old seeds @fidax procumbens
combination with these bacteria had decreasedand L. muconatawere planted according to
petroleum content by 18.76% and 23.6%, treatments and subsequently nursed for 2 months.
respectivelyOther study done by Rossiana (2005) The observed parameters were the wet weight and
showed the decrease of petroleum content bydry weight of crown and roots of 6-week old tested
51.23% using treatment combination of “sengon” plant, soil pH at 2, 4 and 6 weeks after planting,
plant, bacteria and mycorrhiza. The concept of plantsbacteria population at 6 weeks after planting, as well
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as TPH concentrations at 4 and 6 weeks aftervalue of crown/root ratio which showed that its

planting. crown growth was faster than its root growth. It
was assumed that phytostabilization process by plant
Data Analysis had been occured in which certain contaminant

Means were compared by analysis of variancesubtances that was not absorbed into plant branches
for significance diference (P<0.05)WhenAnova had attached to plant roots. These substances was
results indicated a significant treatment effect, tightly adhered to roots so that they would not
honestly significant difference (HSD) at P<0.05 carried by the flow into plarg’tissue or into soil
were used to separate treatment means for al(Mackovaat al. 2006).

roperties using SPSS 16 program.
prop g prog TPH concentration

RESULTS AND DISCUSSION The wild grass and bacteria types had significant
effect on the decrease of TPH concentrations at 4
and 6 weeks after planting, whereas their interaction

The effects of hydrocarbonoclastic bacteria on "@d significant effect on the decrease of TPH

crown dry weight, roots dry weight and crown/ root CONcentrations at 6 weeks after planting such as
ratio ofL. muconataandT. procumbengre given shown inTable 2. Application of bacteria, plants

in Table 1. Table 1 showed that bacterium types and their interaction had produced significant effect
had produ.ced no difference in term of crown dry on decrease of TPH concentration at 6 weeks after
weight and root dry weight of. Procumbensas planting Application of mixed bacteriad( faecalis

well as crown to root ratio for both of wild grass 2nd P alcaligene} had produced loweTPH
types. On the other hang, alcaligensbacterium concentration and significantly difference than that
and r.nixing of P alcaligénswith A Eaecalis ©f without isolates and single isolateffFaecalis

produced higher crown dry weight and root dry or. P. alcallgenes 'In'Ferac':tlon of |n'te{speC|es
weight for L. Mucronataand was significantly microorganisms within mix culture is paramount

difference than that of without bacterium application, IMPortant for degradation process of hydrocarbon
The crown/root ratio of.. Muconatawhich was compounds. The complex reaction which involved
less than 1 (unity) showed that its root development™any enzymes produced by microbes was occured
was faster than its crown development. This was@t hydrocarbon degradation processcording to
supposed due to rhizosphere as nutrients source fdYtukred et al. (2008), lighter and simpler
bacteria which results in faster development of ydrocarbon compounds will firstly degraded by the
bacteria population. Surtikanti and SurakusumahPacteria culture and subsequently followed by more
(2004) showed that roots of Procumbens cqmplex gompounds. The use of' mix culture of
innoculated witiPseudomonasp. andacillussp. mlcrobe§ in hydrocarbon degradation is bgtter than
on petroleum-contaminated soil had faster that of 'smgle cul'ture becau;e the synergize work
development than that of one without bacteriafrom microbes mix culture will affect hydrocarbon

innoculation. Bacterium of. Procumbensad high ~ degradation process (Sathiskureaal 2008).

Growth of Crown

Table 1. Crown dry weight (g), root dry weight (g), and crown/root ratla aihuconata
and T. procumbengyrasses.

Bacterium types

Grass types Without . . A. faecalisand
isolate A. faecalis P. alcaligenes P. alcaligenes
Crown dry weight (g plarty
L. mucronata 0.893 a 1.280 a 1.823b 1.890 b
T. procumbens 0.433 a 0.643 a 0.480 a 0.770 a
Root dry weight (g plarf)

L. mucronata 0.957 a 1.343 a 1.890 b 2.177b
T. procumbens 0.130 a 0.177 a 0.117 a 0.207 a
Crown/ root ratio
L. mucronata 0.933 a 0.947 a 0.943 a 0.867 a
T. procumbens 3.613a 3.807 a 3.683 a 3.530 a

Values followed by the same alphabet on the same row showed the insignififeenhd.
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Table 2.The efect of bacteria and plants dPH concentration.

TPH concentration (%) on treatments

Bacteria types Without plant Lepironia Tridax Mean
mucronata procumbens
Observation at 4 wéitks after planting

Without bacterium 4.40 3.90 3.98 4.09 a
Alcaligenes faecalis 3.95 3.34 3.87 3.72a
Pseudomonas alcaligenes 3.75 3.64 3.62 3.67 a
Alcaligenes faecaliand
Psedumonas alcaligenes 3.61 231 2.87 293b
Mean 3.93a 3.30b 3.58 ab

' ~ Observation at 6 wéks after planting
Without bacterium 4.40 a 2.10 bc 2.02 bc 284 p
Alcaligenes faecalis 1.84 bc 1.82c 1.91 bc 1.86 qr
Pseudomonas alcaligenes 267Db 1.82c 1.94 bc 2.14 ¢
Alcaligenes faecalidan
Pseudomonas alcaligenes 1.65c 1.32¢c 151c 1.50r
Mean 2.64 x 177y 1.84y

Honestly Significance Diérence (HSD) for bacteria and plants are 0.674 and 0.582, respectively

Plant ofL. Mucronataor T. Procumbengan better hydrocarbon degradation process than that
significantly decrease TPH at contaminated soil thanof single bacteria. Khashayar and Mahsa (2010)
that of without plant. Plant provides root exudates had reported that bacteria mix culture tested on
which consisted of carbon, eggr enzymes and several concentrations and petroleum mix were
oxygen that are required by microbes for their capable to decrease more than 80% of TPH
growth. The roots of plant can also release concentration from its initial value. The uselof
degradative enzymes into rhizosphere that capablenucionatain this study was indirectly capable to
to degrade carbon compounds from petroleumdegrade petroleum hydrocarbon. The indirect role
(Wenzel 2009). Moreovedue to direct release of of plant that capable to degrade hydrocarbon is due
degradative enzymes, plants are capable to stimulatéo its capability to releases enzymes from roots such
the activity of degrading microbe organisms. as nutrients, enzymes and sometimes oxygen for
Microbe population increment can increase organicmicrobes within rhizosphere. In this case, plant
contaminant degradation within rhizosphere. Theseinduces bacteria population increment and increases
enzymes are consisted of dehalogenasethe organic contaminants degradation within
nitroreductase, peroxidase, lactase and nitrilaserhizosphere (Glick 2010).

Moreover alelopathy chemical substance released Phytoremediation is environment-friendly as

by roots of plant results in catabolic enzyme on well as cost-effective, but may take more time than
degrading organisms which in turn increase thethe conventional methods because it is a natural
pollutant structural rhizodegradation. The main process (Ndimele 2010). One specific subset of
alelopathies on rhizodegradation are consisted ofphytoremediation, called rhizomediation, presumably
flavonoide and other chemical substances such asccurs through the breakdown of organic

hirsutine, 2(3H)-benzoxazolinone or cyanide (Glick contaminants in the root zone by soil microbes.
2010). Previous reviews of rhizosphere degradation of

The best treatment combination between petroleum contaminants have discussed the
bacteria and plants in decreasing TPH concentratiorcomplexity of rhizosphere controls on organic
was mixture ofA. faecalisand P. alcaligenesin contaminant degradation (Newman and Reynolds,
combination withL. muconataplant that capable 2004; Gerhardet al 2009;Wenzel 2009), but have
to decrease TPH concentration up to 1.32%not yet compared the possible effect of different
compared to initial TPH concentration (5.00%) kinds of vegetation on rhizoremediation.
within 6 weeks after planting. The mixture Af Advancement and optimization of this technology
faecalisand P. alcaligeneshacteria had produced
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may depend on planting the most appropriate mechanism that breaks down these petroleum
vegetation (Cook and Dean 2013). products is biodegradation, which is carried out by
In term of without bacterium treatmenig@ile ~ hatural microbial populations (Malik athmed
2), better TPH decreasing was found in the 2012).
treatments by using L.mucronata and T. The effect of hydrocabonoclastic bacteria
procumbengplants than that of without plarfthis application at petroleum contaminated soil on the
is due to the fact that plant capable to produce rootPercentage of TPH decreasing was shown in Figure
exudates which can stimulate bacteria growth sol. This figure shows that TPH biodegradation
that their activity in degrading hydrocarbon Percentage at contaminated soil which was
compounds will increase. Plant root exude a variety inoculated with hydrocarbonoclastic bacteria was
of chemicals that can act as biosurfactants, stimulateligher than that of control treatment (without
induction of microbial catabolic enzymes, and inoculation and without plant). The control treatment
promote co-metabolisms. Co-metabolism occurs had very slow hydrocarbon degradation with
when a microbial enzymes produced for the magnitude of 0.5% degraded TPH. This was in
metabolism of one substrate can also degrade @ccordance with the study conducted by Surtikanti
secondary substrate (the contaminant), with no and Surakusumah (2004) which showed that control
additional energy expenditure or nutrition treatment had very slow hydrocarbon degradation.
requirements (Singeat al 2003). Although indigenous bacteria were available within
Taxonomic characteristics of these isolates SOil, butthey had no role in hydrocarbon decreasing
identified them asAlcaligens faecalisand  Process. The highest value of TPH degradation
Pseudomonas alcaligensSathishkumaet al. (70.1%) was found on treated soil with mix bacteria
(2008), Lal and Khanna (1996) Rahmanal. (A. faecalisand P. alcaligene¥ and planted with
(2002), and Malik andhmed (2012) had reported L. muconata.This was due to interaction between
that Bacillus sp, Saphylococcusp, Micrococcus L muconataand mix bacteria in hydrocarbon
sp, Pseudomonasp, Psychobactersp, and  degradation process.
Alcaligensfaecalisare able to biodegradable some Higher percentage of petroleum hydrocarbon
petroleum commercial productMicrococcus biodegradation was obtained by using mix bacteria
Staphylococcus Pseudomonas putidand culture than that of single bacterium culture. This is
Alcaligenes were also reported to degrade diesel due to the fact that bacteria applied in petroleum
oil. The pattern of degradation showed that the degradation process usually have higher capability
microorganisms first attacked the lower and higher if they are used as mix culture. Mix culture has
hydrocarbon chains and those of middle length weremore complete enzyme profile than single culture.
attacked later in the course of incubation (Bello According to Mukredet al (2008), lighter and
2007). Considerable information on the microbial Simpler hydrocarbon compounds can be firstly
degradation as defined, sole hydrocarbons is availablélegraded at initial stage by bacteria culture and
in the literature, but less is known on the Subsequently the undegradable compounds atinitial
biodegradability of some petroleum commercial Stage are degraded by second cultAczording

products such as kerosene. The dominantto Glick (2010), complex compound structure such
as petroleum hydrocarbon cannot be degraded

S
o 801 completely by single bacterium species because
g 701 ol — each bacterium species requires certain substrates.
g 607 e —_ B Beneficial mutualism from bacteria interaction in
2 of 1 B ! ' form of mix culture has important role in petroleum
5 401 N = degradationWidjajanti (2012) had reported that
§ 30] — petroleum bioremediation by using mix culture of
@ — hydrocarbonoclastic bacteria and yeast with
§’ 201 — mangrove used as testing plant can produce
.% 10 ] — , . petroleum concentration of 1% within 16 days
of—mmtecd | Ll ] - - period.
10 1|1 12 13 The combination ofAlcaligenes and
solate types .
Pseudomonas bacteria produced better

Figure 1. Biodegradation percentagéBH (Total biodegradations process than that of single culture.

Petroleum Hydocarbon on the sixth According to Malik anddhmed (2012), these two

week. g = without plant,g = L. genera are capable to degrade saturated

muconata andg = T. procumbens. hydrocarbon, monoaromatic hydrocarbon, and
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polyaromatic hydrocarbon. It is predicted that due 8 Lepironiamucronata
to their diverse capabilities in degrading hydrocarbon ¢ ]
compounds, they can degrade hydrocarbon g4l
compounds either having low or high molecular 6.2

weight. Milic et al.(2009) had explained that single T 6-0] B = =
microbe can only degrade specific oil compounds, = >8] B = = E
whereas the mix culture can degrade higher level 5.4{ B = = 8 .
of oil compounds. The common life of some 521 = = = -
microbe types even will produce mutually benefit 5 0 ' 2 6
activities.

One of parameter which is used to monitorthe g Tridax procumbens
occurrence of hydrocarbon compounds degradation 74 _ _
by bacteria is the change of pH. Fluctuation of pH 61 = = =
is an indicator to determine whether or not a processT, = — =
has been occurred. The decrease of pH values at 3] = = =
the end of study either on treatment with plantand 21 = = =
without plant (Figure 2) showed the existence of 14 = = =
bacteria activities in hydrocarbon compounds  © 0 — 2 4 T 6

degradatiorAccording to Pikoliet al.(2000), pH is Incubation time (weeks)
one of factor that determines bacteria life in _.
degradation process of a substance. The activitieézIgure 2.
of hydrocarbon compound degrading
microorganisms are affected by environmental
condition such as pH and temperature so that
unsuitable environmental conditions cause microbes

to be inactive in conducting degradation process.

Figure 2 showed relatively significant decrease This results indicated that mix isolates application
of pH from the first to the sixth week of observation. (A. faecalisand P. alcaligene} produced higher
This might due to accumulation of metabolism hydrocarbonoclastic bacteria population and
products from microbe itself. Degradation processsignificantly difference than bacteria population
is not only depend on chemical structures, but it iswithin soil without isolate or having single isolate.
also affected by environmental factors such as pH,The more bacteria colony is available in degradation
temperature and oxygen availability in the process, the more optimum is the microbe activity
environment. This process may produce compoundsavailable in degrading organic compound. The
such as CQand organic acids which results in increasing trend of bacteria population cause
decreasing pH of medium. Pilon-Smith and Freemanincrease in activity to utilize hydrocarbon compound
(2006) had stated that microorganisms which within growth medium. Microorganisms growth are
conduct degradation process will produce acid indicated by population increasing which in turn also
compounds such as lactic acid, acetate acid andancrease microgranisms activityMicroorganisms
piruvate acid that may results in change of pH. Thewill adapt to oil environment at initial stage and
change of pH is also occurred if microorganisms followed by growth stage in which bacteria cells
use ammonium compounds as nitrogen sourcewill increase and available hyrdocarbon compound
alternative for their growth. During the on going of (substrate) will further decrease due to
biodegradation process, pH will also change if microorganisms activity Results of this study
microbe utilize ammonium compound in form of showed that increasing population of hydrocarbon
NH,*. This microbe will cluster ammonium compounds degrading bacteria was followed by
compound into cells as R-NHwith R as carbon decrease of TPH. This was affected by the
sceleton. This process releasesiths into availability of organic exudates produced by roots
environment so that accumulation of Will occur of plant which can be used as nutrients source by
during the on going degradation process resulting inbacteria. Nutrients availability for bacteria will
decreasing pH value. results in growth and increasing population of
bacteria within soil which in turn capable to increase
hydrocarbon compounds degradation. The increasing
degradation of hydrocarbon produce energy and
carbondioxide which is used by bacteria and plants

The weekly pH values due to application
of several hydrocarbonoclastic bacteria
and plant typea = without bacteriag =
A. faecalism = P. alcaligenesand@ =
A. faecalisand P. alcaligenes

Hydrocarbonoclastic Bacteria Population

Hydrocarbonoclastic bacteria population within
soil after 6 weeks application is givenTable 3.
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Table 3. Hydrocarbonoclastic bacteria population The Lepironia muconataplant was capable to
within soil at 6 weeks after the treatment.  gecrease TPH which was significantly difference than
that of without plant at the fourth week after planting,

Treatment effect Mean population of whereasTridax procumbensproduced TPH
bacteria (log cfu §) concentration differences at the sixth week after

Bacteria: planting. The highest decreasing TPH with magnitude

Without bacterium 4918 a of 70.1% was obtained from mixing éfcaligenes

Alcaligenes faecalis 5.269 a faecalisand Pseudomonas alcaligenkacteria with

P. alcaligenes 6.301 ab Lepironia muconatagrass

Alcaligenes faecalis

andP. alcaligenes 7.131b ACKNOWLEDGEMENTS

Plants:

Without plant 5.348 a We acknowledge our undgraduate and

Lepironia mucronata 6.135 a postgraduate students (Rodiah and Nasrul Harahap)

Tridax procumbens 6.230 a which assisted in this studyaboratory of Biological,

Values followed by the same alphabet on isolates or plants Chemlcal an_d SO_II Fertility digricultural Faculty
treatment showed insignificant difference with Honestly Sriwijaya University as well as Postgraduate School
Significance Difference (HSD) for isolates and plants with Program of Sriwijaya University that provided
magnitude of 1.259 and 1.091, respectively [ . . .

facilities for this study implementation.
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