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ABSTRACT: Farmland or soil pollution by petroleum wastes may contain long chains of Total Petroleum Hydracorbons (TPH) and heavy metals. 
Special treatment is needed to overcome contaminated soil. One solution offered is the use of mycorrhizal and hydrocarbonoclastic bacteria in 
phytoremediation with samanea saman (Jacq.) Merr plant on petroleum contaminated soil. The purpose of this study was to investigate the effect of 
mycorrhizal and hydrocarbonoclastic bacteria on phytoremediation with samanea saman (Jacq.) Merr plant on Total petroleum hydrocarbon (TPH) 
contents on petroleum contaminated soil. From the results of the study it is known that with 200 g of mycorrhizal treatment on contaminated soil oil can 
decrease TPH levels from 14,623 mg / kg to 2.7 mg / kg. 
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1 INTRODUCTION 

Crude oil contains hydrocarbons that consist of three major 
groups of compounds. These are alkanes (paraffins), 
alkenes (olefins) and aromatics. Total petroleum 
hydrocarbons (TPH) is a term used to describe large 
families of several hundred chemical compounds originally 
derived from crude oil. Crude oil is used to make petroleum 
products, which can pollute the environment (Alinnor and 
Nwachukwu, 2013.). Pollution of farmland or land could 
happen because the soil is contaminated by oil waste. 
Petroleum wastes are B3 wastes containing long-chain 
Total Petroleum Hydracorbons (TPH) and heavy metals. 
Total Petroleum Hydrocarbons (TPH) contain heavy metal 
compounds, such as Cd, Cu, Ni, Pb, Zn, Cr, Hg, and As, 
which are classified into hazardous and toxic waste 
materials due to extremely high levels of environmental 
pollution (Hao et al, 2014). Hydrocarbons are organic 
compounds or classified as organic chemicals that 
composed of carbon and hydrogen atoms, which are bound 
together as the structure of the compound. These 
hydrocarbons are considered as organic compounds of the 
simplest compositions and can be considered as parent 
substances from it’s derived.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Petroleum hydrocarbons are natural chemicals known as 
major components of crude oil and petroleum products 
used for various activities, such as refueling vehicles, 
machinery and domestic use, and if their presence above 
the threshold it indicates the presence of pollution in the 
environment (Edwin -Wosu and Albert 2010). Mycorrhiza is 
a soil microorganism that has many uses. Some 
mycorrhizal can be used as phytoremediation agents on 
contaminated petroleum waste land. Mychorrhiza can 
increase the volume of medicinal soil. The potential of 
arbuscular mycorrhizal fungi (AMF) to increase the ability of 
plant growth is well known but not utilized as much as 
possible. Mycorrhiza can improve the quality and 
abundance of plant rhizosphere microflora so the plant 
productivity can be maintained (Khan, 2006). The 
arbuscular mycorrhizal fungi (AMF) is considered as the 
most important type of mycorrhiza for phytoremediation. 
AMF has a large incidence in contaminated soil, and 
evidence suggests that they improved crop tolerance to 
certain trace elements (Cabral et al, 2015). AMF is a 
biological strategy of the mycorrhizal fungal arbuscular 
(AMF) that is present in salt-affected environments, and 
forms symbiotic root associations, in most plant species. 
This association allows plants to explore the soil to absorb 
soil nutrients and maintain the transportation activity of 
water. AMF may increase absorption level of mobile mineral 
elements such as phosphorus (P), increase the plant 
resistance to soil pathogens (Beltrano et Al, 2013). 
Hydrocarbonoclastic bacteria is a group of bacteria that can 
reduce petroleum. These hydrocarbonoclastic bacteria are 
commonly present in all soil types and mainly found in 
petroleum contaminated soil. These bacteria capable of 
decreasing total petroleum hydrocarbon (TPH) , the result 
can be used to improve the condition of soil that 
contaminated by chemical fertilizers. The eternal rye grass 
and white clovers are sprinkled to the ecopile. During the 2-
year experiment, there was a consistent decrease in TPH 
levels suggesting that a multifactorial approach involving 
biostimulation, bio-augmentation and phytoremediation was 
particularly suitable for the recovery of soil contaminated 
with industrial hydrocarbons (Furini et al, 2015). 
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Hydrocarbonoclastic bacteria are obtained from insulation 
against soil or petroleum and purified liquid waste. The 
purpose of this study was to investigate the effect of 
mycorrhizal and hydrocarbonoclastic bacteria on 
phytoremediation with samanea saman (Jacq.) Merr plant 
on Total petroleum hydrocarbon (TPH) contents on 
petroleum contaminated soil. 
 

2 MATERIALS AND METHOD 
This research was conducted at Tropical and Marine 
Biotechnology (TMB) Laboratory, Plant Physiology and 
Breeding Laboratory of Diponegoro University Semarang 
and Greenhouse from April to May 2017. Plants were 
grown at three level contaminant (0, 25%, 50% 
contaminated soil) and four mycorrhiza levels (0, 50 g, 100 
g, 150 g, 200 g inoculant). Hydrocarbonoclastic bacterial 
suspensions 50 ml per pot. The study was conducted on 
pots with a diameter of 20 cm using complete randomized 
design with two factors. The first factor is the composition of 
mycorrhizal inoculants consisting of (A0) control without 
inoculant, 50 grams of inoculant (A1), 100 grams of 
inoculant (A2), 150 grams of inoculant (A3) 200 g inoculant 
(A4). Each mycorrhizal treatment was added 50 ml of 
hydrocarbonoclastic bacteria suspensions. The second 
factor is the levels of contaminated soils (B0) 
uncontaminated soil contamination, (B1) 25% polluted soil 
and 75% uncured soil and (B2) 50% contaminated soil and 
50% uncontaminated soil. 
 

Multiplication of Hydrocarbonoclastic Bacteria 
The petroleum contaminated soil was taken in the Citizen 
Well area in Cepu, Bojonegoro. Then the TPH content in 
the soil was analyzed first. 5 g of contaminated soil samples 
and 1 ml of crude oil were added into 100 ml of ramssay 
medium, then incubated on the shaker at room temperature 
for 48 hours. The grown bacterial colonies were inoculated 
on nutrient agar medium to obtain pure colonies for 48 
hours. The grown colony cultured on the enrichment 
medium of nutrient broth and incubated in the shaker for 48 
hours. The bacterial identification test was performed by 
gram staining. 45 pieces of pot were filled with petroleum 
contaminatade soil to plant Samanea saman (Jacq) Merr 
seeds. Mycorrhiza was added to the pot according to the 
dosage and 50 ml suspensions of hydrocarbonoclastic 
bacteria were added to each pot. The observed parameters 
were the total concentration of petroleum hydrocarbons 
(TPH) at the beginning and at the end of the observation. 
All treatments were repeated 3 times. 
 

Determination of Total Petroleum Hydrocarbon (TPH) 
content 
The separation and detection of compounds in soil and 
groundwater samples were carried out using Agilent 6890N 
Gas Chromatography - Flame Ionization Detector (GC-FID) 
instrument . Three µl of concentrated sample eluted from 
column was injected into GC vial. The blank DCM was 
injected into micro-syringe of GC to clean the syringe (3 
times) before taking the sample for analysis. The micro-
syringe was further rinsed with the sample. Then the 
sample was injected into the column for separation of 
compounds in the sample. After separation the compounds 
were passed through a flame ionization detector. FID 
detects the compounds in the sample. The amount of TPH 

was resolved at a particular chromatogram in mg/kg for soil 
sample and µg/L for groundwater sample ( Alinnor and 
Nwachukwu, 2013). 
 

3 RESULTS AND DISCUSSION 
The use of samanea saman (Jacq.) Merr in soil remediation 
of petroleum contaminated soil has been investigated in this 
study. Samanea saman (Jacq.) Merr demonstrated his 
ability to clean up contaminated soil of crude oil. The results 
of the total hydrocarbon oil (TPH) concentration after 
remediation showed a significant decrease when compared 
with the mean TPH concentration prior to remediation. Total 
Petroleum Hydrocarbon (TPH) contents are shown in 
Figure 1. 

 

 
Figure 1. Total petroleum hydrocarbon content in 

contaminated media after six weeks 
 
The results are shown that on 50% contaminated soil prior 
to remediation, mean TPH concentration was 14623 mg / 
kg and 4527.2 mg / kg after six weeks of phytoremediation, 
with a percentage decrease of 69. Other treatments were 
contaminated with 150 ml of crude oil before remediation, 
TPH was 14623 mg / kg and 3248.4 mg / kg after six weeks 
of phytoremediation, with a decrease percentage of 77.8. 
According to Onwuka et al (2012) research ie plants 
(Cynodon dactylon) has the ability to decrease levels of 
polluted soil TPH. The phytoremediation principle is based 
on the plant's natural ability to bioaccumulate, degrade, or 
make harmless contaminants in soil, water or air. 
Contaminants such as crude oil and their derivatives have 
been reduced in phytoremediation projects. Plants such as 
mustard plants, alpine pennycress and pigweed have 
proven successful on crude hyperformulation and their 
derivatives on the soil. Chekroun and Baghou (2013) report 
the use of aquatic plants especially micro and macro algae 
has gained a lot of attention because of their ability to 
absorb metals and extract toxic elements from the 
environment or make them less harmful. Algae have many 
features that make them ideal candidates for selective 
removal and heavy metal concentrations, which include 
high tolerance to heavy metals, automatic and heterotrophic 
ability to grow, large surface area / volume ratio, 
phototaction. Oh et al (2014) and Kaewtubtim et al (2016) 
report that phytoremediation processes depend on the 
ability of plants to pick up and / or metabolize pollutants into 
substances that are less toxic. 
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Figure 2. Total hydrocarbon content of petroleum effect on 
arbuscular mycorrhizal application (AM after six weeks. (A0 

= no AM, A1 = 50 g AM, A2 = 100 g AM, A3 = 150 g AM, 
A4 = 200 g AM) All treatment Each added 

hydrocarbonoclastic Bacteria. 
 

The combination of treatments having the best effect on the 
decrease in TPH levels was the treatment of A4B1 and 
A4B2. While the addition of mycorrhizae is 200 gram on soil 
B1 (75% contaminated soil and 25% normal soil) and soil 
B2 (contaminated soil 50% and ordinary soil 
50%).Mycorrhiza has an important role in phytoremediation 
and crop survival by providing a suitable place for the life of 
microorganisms, because mycorrhiza also produces 
energy. With mycorrhizal inoculation of samanea saman 
(Jacq.) Samanea saman root (Jacq.) Merr may help to 
decrease TPH levels because mycorrhiza also produces an 
enzyzme which can decompose petroleum contained in oil-
contaminated soil (Rossiana et al., 2012). The use of peas 
as a pioneer plant has the following advantages; First, the 
pioneer pea improves soil characteristics (paralyzes 
contaminants, increases organic content, modifies the 
rhizosphere population), which makes the growth of other 
plant species in a harsh environment; Second, increased 
microbial diversity including rhizobacteria and arbuscular 
mycorrhizal fungi (AMF) will help paralyze the metals and 
increase plant growth and ultimately improve and stabilize 
the ecology of contaminated environments. A key feature of 
pea utility as a source for phytoremediation is their role in 
providing additional N compounds into the soil, thereby 
increasing their fertility and ability to support biological 
growth (Hao et al, 2014) 

 
Figure 3. TPH content affects AMF applied to petroleum 
contaminant medium for samanea saman planting. A0 = 

non AM, A1 = 50 g AM applied, A2 = 100 g AM applied, A2 
= 150 g AM applied and A2 = 200 g AM applied. B0 = 

uncontaminated media, B1 = 25% contaminated media, B2 
= 50% contaminated media. 

Mycorrhizal infection occurs in a combination of 200 g of 
AMF - hydrocarbonoclastic bacteria - 25% of contaminated 
media (MC AMF-25%). There is a combination of 200 g of 
AM-50% hydrocarbonoclastic-bacteria contaminated media 
(AM-B-50% MC). The examination of mycorrhizal infection 
on samanea saman root roots was done by root staining 
according to Cao et al., (2013). The hydrocarbonoclastic 
bacteria added to each treatment also acts as a decreasing 
factor of Total Petroleum Hydrocarbon (TPH). 
Hydrocarbonocalistic bacteria can use polycyclic aromatic 
hydrocarbons (PAHs) contained in TPH as a carbon source 
for their survival and have the ability to lower it into simple 
end compounds (Gofar, 2012). Further research is needed 
to examine the effect of hydrocarbonoclastic bacteria on the 
decrease in TPH levels. Root coloring results in the two 
treatments above can be seen in Figure 4 below. 
 

  
(a)    (b) 

 
Figure 4. (a) Result of staining mychorrhiza on 25% 

contaminated media and 200 g of AMF at Samanea saman 
(Jacq) Merr root, (b) Result of staining mychorrhiza bacteria 

on 50% contaminated media and 200 g of AMF at 
Samanea saman (Jacq) Merr root. 

 
Petroleum hydrocarbons (PHCs) usually consist of alkanes 
(linear or branched), cycloalkanes, aromatic hydrocarbons 
or more complex chemicals such as asphaltenes (Qixing et 
al, 2011). Phytoremediation of salt involves removal of soil 
salts into plant tissues, and requiring high amounts of plant 
biomass to achieve acceptable levels of remediation. This 
is often difficult to achieve in salt-affected soils (Chang et al, 
2014). 
 

4 CONCLUSION 
Phytoremediation is a potential remediation strategy that 
can be used to decontaminate soil contaminated with 
inorganic pollutants. Based on the result of research, it can 
be concluded that the best treatment which can decrease 
Total Petroleum Hydrocarbon (TPH) is A4B1 and A4B2 
treatment where both Given 200 g of mycorrhizal inoculant. 
 

ACKNOWLEDGEMENT 
The author would like to thank the funding support from the 
Directorate General of Learning and Student Affairs, 
Ministry of Research and Technology of Higher Education, 
Indonesia. Thanks also to the Rector of Diponegoro 
University for his research facilities. 
 
 
 
 

6159.7 

1124.3 
1717.7 

3955.0 

2.7 

-2000.0

0.0

2000.0

4000.0

6000.0

8000.0

A0 A1 A2 A3 A4

TPH content (mg/kg) 

0

10000

20000

A0 A1 A2 A3 A4

TPH content (mg/kg) 
 

B0 B1 B2



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 6, ISSUE 08, AUGUST 2017  ISSN 2277-8616 

131 
IJSTR©2017 
www.ijstr.org 

REFERENCES 
[1]. Alinnor I. J. and Nwachukwu M. A. 2013. 

Determination of total petroleum hydrocarbon in 
soil and groundwater samples in some 
communities in Rivers State, Nigeria. Journal of 
Environmental Chemistry and Ecotoxicology. Vol. 
5(11), pp. 292-297, December, 2013. 

 
[2]. Beltrano,J., M.Ruscitti, M.C.Arango and M.Ronco. 

2013. Effects of arbuscular mycorrhiza inoculation 
on plant growth, biological and physiological 
parameters and mineral nutrition in pepper grown 
under different salinity and p levels . Journal of Soil 
Science and Plant Nutrition, 2013,13(1), 123-141. 

 
[3]. Cabral,L., C.R.F.S. Soares, A. Jose´Giachini, J. O. 

Siqueira. 2015. Arbuscular mycorrhizal fungi in 
phytoremediation of contaminated areas by trace 
elements: mechanisms and major benefits of their 
applications . World J Microbiol Biotechnol. 
Available from: 
https://www.researchgate.net/publication/28086846
5_Arbuscular_mycorrhizal_fungi_in_phytoremediati
on_of_contaminated_areas_by_trace_elements_m
echanisms_and_major_benefits_of_their_applicati
ons [accessed Jul 4, 2017]. 

 
[4]. Cao, M. Q., Q. S. Wu and Y. N. Zou. 2013. An 

improved ink acetic acid technique for staining 
arbuscular mycorrhizas of citrus. International 
Journal of Agriculture and Biology 15 (2): 386-388.  

 
[5]. Chang,P., K. E. Gerhardt, X.D. Huang, X.M. Yu, 

B.R. Glick, P. D. Gerwing, and B. M. Greenberg. 
2014. Plant growth promoting bacteria facilitate the 
growth of barley and oats in salt-impacted soil: 
Implications of Phytoremediation of saline soils. 
International Journal of Phytoremediation, 
16:1133–1147, 2014. 

 
[6]. Chekroun, K.B., and M. Baghou. 2013. The role of 

algae in phytoremediation of heavy metals: A 
review . J. Mater. Environ. Sci. 4 (6) (2013) 873-
880. 

 
[7]. Edwin-Wosu and Albert. 2010. Total Petroleum 

Hydrocarbon Content (TPH) As an Index 
Assessment of Macrophytic Remediation process 
of a Crude Oil Contaminated Soil Environment. J. 
Appl. Sci. Environ. Manage. March, 2010 Vol. 
14(1) 39 – 42. 

 
[8]. Favas, P.J.C., J. Pratas, M. Varun, R. D’Souza and 

M. S. Paul. 2014. Phytoremediation of Soils 
Contaminated with Metals and Metalloids at Mining 
Areas: Potential of Native Flora. 
http://dx.doi.org/10.5772/57469. 
(http://creativecommons.org/licenses/by/3.0), which 
permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
work is properly cited. 

 

[9]. Furini A., A. Manara and G. DalCorso .2015. 
Editorial: Environmental phytoremediation: plants 
and microorganisms at work. Front. Plant Sci. 
6:520. doi: 10.3389/fpls.2015.00520 

 
[10]. Hao, X., S. Taghavi, P. Xie, M. J. Orbach, H. A. 

Alwathnani, C. Rensing, and G. Wei. 2014. 
Phytoremediation of heavy and transition metals 
aided by legume-rhizobia symbiosis. International 
Journal of Phytoremediation, 16:179–202, 2014. 

 
[11]. Khan, A.G. 2006. Mycorrhizoremediation—an 

enhanced form of phytoremediation. J Zhejiang 
Univ Sci B. 2006 Jul; 7(7): 503–514.  

 
[12]. Onwuka,F., N. Nwachoko, and E. Anosike. 2012. 

Determination of Total Petroleum Hydrocarbon 
(TPH) and some Cations (Na+, Ca+ and Mg2+) in 
a Crude Oil Polluted Soil and possible 
Phytoremediation by Cynodon dactylon L 
(Bermuda grass) . Journal of Environment and 
Earth Science, Volume 2 No 6 :13-18. 

 
[13]. Oh,K., T. Cao, T. Li, and Ho.Cheng. 2014. Study 

on Application of Phytoremediation Technology in 
Management and Remediation of Contaminated 
Soils . Journal of Clean Energy Technologies, Vol. 
2, No. 3, July 2014 : 216-220. 

 
[14]. Kaewtubtim, P., W. Meeinkuirt , S. Seepom , 

J.Pichtel.. 2016. Heavy metal phytoremediation 
potential of plant species in mangrove ecosystem 
in Pattani Bay, Thailand. APPLIED ECOLOGY 
AND ENVIRONMENTAL RESEARCH 14(1): 367-
382. http 

 
[15]. Qixing, Z., C.Zhang, Z. Zhineng and L.Weitao . 

2011. Ecological Remediation of Hydrocarbon 
Contaminated Soils with Weed Plant. J. Resour. 
Ecol. 2011 2(2) 97-105. 

 
[16]. Rossiana, N. 2012. Decrease in Heavy Metal 

Content and Sengon Plant Growth (Paraserianthes 
falcataria L (Nielsen)) Bermikoriza in Medium 
Waste Oil Sludge Extraction Result. Essay. 
Padjadjaran University, Bandung. 

https://www.researchgate.net/publication/280868465_Arbuscular_mycorrhizal_fungi_in_phytoremediation_of_contaminated_areas_by_trace_elements_mechanisms_and_major_benefits_of_their_applications
https://www.researchgate.net/publication/280868465_Arbuscular_mycorrhizal_fungi_in_phytoremediation_of_contaminated_areas_by_trace_elements_mechanisms_and_major_benefits_of_their_applications
https://www.researchgate.net/publication/280868465_Arbuscular_mycorrhizal_fungi_in_phytoremediation_of_contaminated_areas_by_trace_elements_mechanisms_and_major_benefits_of_their_applications
https://www.researchgate.net/publication/280868465_Arbuscular_mycorrhizal_fungi_in_phytoremediation_of_contaminated_areas_by_trace_elements_mechanisms_and_major_benefits_of_their_applications
https://www.researchgate.net/publication/280868465_Arbuscular_mycorrhizal_fungi_in_phytoremediation_of_contaminated_areas_by_trace_elements_mechanisms_and_major_benefits_of_their_applications
http://dx.doi.org/10.5772/57469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=16773723

