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Preface

The 3 Annual Applied Science and Engineering Conference (AASEC) 2018 organized by
Technology and Vocational Education Study Program, School of Postgraduate Studies,
Universitas Pendidikan Indonesia (UPI) and UPI Publication Center, and is jointly organized
with Universitas Negeri Jakarta (UNJ), Environmental Engineering Universitas Trisakti,
Universitas Syiah Kuala (UNSYIAH), Universitas Negeri Surabaya (UNESA), Politeknik
Negeri Malang (POLINEMA), Sekolah Tinggi Teknologi Garut (STT Garut), Universitas
Islam Negeri Sunan Gunung Djati Bandung (UIN SGD), Universitas Kanjuruhan Malang
(UNIKAMA), Universitas Muhammadiyah Sidoarjo (UMSIDA), Universitas Wijaya Kusuma
Surabaya (UWKS), and Universitas Warmadewa. Promoting its theme “Ideas for Sustainable
Green Energy”, the conference was held on 18 April 2018 at Grand Tjokro Hotel, Bandung,
Indonesia.

This year, the conference invited a keynote speaker, Dr. Abdulkareem Shafiq Mahdi Al-Obaidi
from Taylor’s University, Malaysia and four invited speakers from different countries with a
variety of expertise as follows: 1) Dr. Eng Tedi Kurniawan from Universiti Malaysia Pahang,
Malaysia; 2) Dr. Lala Septem Reza from Universitas Pendidikan Indonesia; 3) Dr. Eng. Topan
Setiadipura from National Nuclear Energy Agency, Indonesia; and 4) Dr. Eng. Farid Triawan
from Tokyo Institute of Technology Japan/ Sampoerna University, Indonesia. Both the keynote
speaker and invited speakers are academics and practitioners in the field of green sustainable
energy with numerous works on international publication.

There are 353 papers published in the proceedings of the 3" AASEC 2018. The papers discuss
several fields comprising mathematics, physics, computer science, material science, chemistry,
biology, pharmacology, sport science and technology, management science, mechanical
engineering, chemical engineering, civil engineering, electrical engineering, electronics
engineering, material engineering, environmental engineering, industry engineering,
information engineering, computer and communication engineering, and architecture. All the
published papers have been through a series of rigorous review process to meet the
requirements and standards of international publication.

We would like to thank each co-host for the efforts to give significant contribution particularly
on paper selection. We would also like to acknowledge vice rector on research, business, and
partnership affairs of Universitas Pendidikan Indonesia for the endless support to the
conference. Last but not least, we would like to express our most sincere gratitude to the
international advisory board, scientific committee, steering committee, organizing committee,
and everybody taking parts in the success of the conference. We hope to see you in the 4™
AASEC 20109.

The Editors
Dr. Ade Gafar Abdullah
Dr. Eng. Asep Bayu Dani Nandiyanto

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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Role of nitrogen and phosphate dinamics to increase plant
survival grown on oil contaminated soil

Y S Rahayu*,Y Yuliani, G Trimulyono, E Ratnasari and S K Dewi

Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas
Negeri Surabaya, Indonesia

*yunirahayu@unesa.ac.id

Abstract. The petroleum mining industry plays an important role in the fulfillment of human
needs but also has a negative impact on less productive soil due to oil contamination that
causes soil nutrient degradation such as nitrogen and phosphate level. This research aims to
study the dynamics of nitrogen and phosphate on oil-contaminated soil by utilizing
multisymbiotic soil bacteria (Pseudomonas sp. and Rhizobium sp.) as an effort to improve the
quality of nitrogen and phosphate availability that affect plant resistance to survive in the oil-
contaminated soil. The research method was Randomized Complete Design with soil bacterial
treatments (Pseudomonas sp. and Rhizobium sp.), consisting of 3 treatment i.e (1)
Pseudomonas sp., (2) Rhizobium sp., and (3) combination of Pseudomonas sp. and Rhizobium
sp. Each treatment at a concentration of 10% cells/gram with 4 repetitions. Data was obtained
including Total Petroleum Hydrocarbon (TPH), P, C, N concentration in soil, plant growth and
environmental parameters including temperature, pH, and soil moisture. Analysis of the data
used one way variance analysis followed by LSD test. The results showed that plant survival
on oil-contaminated soils is not only determined by the dynamics of nitrogen and phosphate
availability but also by the availability of TPH content in the soil that indicated by optimal
results when there is a multisymbiotic role of both bacteria that inserted into the soil.

1. Introduction

The main content in petroleum are paraffinhydrocarbons, saturated alicyclic hydrocarbons, and
carcinogenic aromatic hydrocarbons and are organic pollutants [1]; [2]. Petroleum can be divided into
four classes, namely: saturated, aromatic, asphaltene (phenol, fatty acids, ketones, esters, and porifrin),
and resins (pyridine, quinolin, carbasols, sulphoxides, and amides). The type and class of
hydrocarbons affect the biodegradation process of the petroleum [3].

Environmental pollution by petroleum and its derivatives is a very common problem found in
petroleum mining areas. Oil spills resulting from petroleum mining activities lead to soil
contamination, it effect in the very low nutrient content and very high hydrocarbon compounds [4], so
that the soil needs to be processed first so that it can be used as a plant medium for plants [5]. One of
them is through bioremediation which is currently considered an effective technology for transforming
toxic components into less toxic products without any disruption to the surrounding environment [6];
[7].

Beside mycorrhiza, an organism that capable of increasing the availability of soil P is a solvent
phosphate bacteria. These bacteria have the ability to dissolve the insoluble P and make available to
the plant by dissolving it with organic acids [8]; [9]. Some of phosphate solubilizing bacterial have the

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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ability to degrade hydrocarbon compounds. Research shows that some types of microbes are able to
use their carbon sources in the process of hydrocarbon compounds degradation such as: Pseudomonas,
Bacillus, Acinetobacter, Alcaligenes, Xanthomonas, Benecdea, Brevi bacterium, Methvlobacterium,
Methylococcus, Mycobacterium [10]; [11]; [12]. Some certain bacteria have ability in increasing the
availability of phosphate in the soil as well as the ability to degrade hydrocarbon compounds on
polluted soil. This type of microbe is feasible to be involved in bioremidiating soil contaminated oil
because the degraded hydrocarbon will produce mineral or nutrients that can be used for plant growth.

Legume plant is a unique plant because it is able to perform N-free fixation of air through the
utilization of Rhizobium bacteria so as to form the root nodule [13]; [14]. In symbiosis between the
legumes and bacteria that form the root nodule, each component of the symbion has a different role
[15]. Plants play a role in photosynthate for Rhizobium bacteria and phosphate solubilizing bacteria
that have the ability to degrade hydrocarbon compounds [16]; [17]. Rhizobium provides N elements
for plants through N-fixation activities [15]; [18] and phosphate solubilizing bacteria provides P
elements for plants and Rhizobium [16]; [17]; [19]. The interaction pattern between legumes and
Rhizobium provides an information pattern of symbiotic relation mechanisms on legume crops so that
plants can survive in their environmental conditions [15].

Analog with this multi-symbiotic pattern will be applied in this study which aim to examine how
the dynamics of N and P level in the plant in playing a role against the disadvantage conditions of
plants on oil contaminated soil using the legume plants.

Similar study was done by [20] about the influence of nitrogen and phosphorous on the growth and
root morphology of plant. Based on these results study indicated that both N and P application
significantly affected plant height, root collar diameter, chlorophyll content, and root morphology. On
the other study, [21] did a study about the role of nitric oxide in plant responses to abiotic stress.
Based on these study, it could be conclude that nitric oxide was a critical component as mediating
hormone action, modulating gene expression, and protein activity. In addition, [22] showed that
petroleum-derived substances continued to adversely affect the growth of plants even three years after
soil contamination. Bioremediation supported by the use of microorganisms is an advantageous
solution that permits the improving of the growth parameters of plants, as well as offsetting the
harmful effects of petroleum-derived products upon the majority of the analyzed elements. [23]
showed that concentration of N and P on oil contaminated soil enhance the biodegradation process by
microbe.

2. Methods

The research method used Randomized Complete Design with soil bacterial treatments (Pseudomonas
sp. and Rhizobium sp.), consisting of 3 treatments i.e (1) Pseudomonas sp., (2) Rhizobium sp., and (3)
combination of Pseudomonas sp. and Rhizobium sp. Each treatment at a concentration of 10%
cells/gram with 4 repetitions was performed on soybeans and mungbeans.

In the preparation stage, nutrient analysis activities was obtained on soil samples include N, P
Content and Total Petroleum Hydrocarbon (TPH). Furthermore, the preparation of the oil-
contaminated soil as follows.

a. The soil was dried for 7 days and then was sterilize using the oven at 160°C for 2 hours. After
that the soil was left for 1-2 days to be cool and than move on to the 3 kg provided polybag.

b. The soil is added a basic fertilizer and moistened using a water sprayer, then incubated for 7
days. The basic fertilizer composition for 3 kg of soil consisted by 24 mg Urea, 24 mg KCL, 24
mg TSP.

c. The physical and chemical properties of soil were measured including pH, temperature, and
soil moisture.

The bacterial culture was carried out at Unesa Microbiology Laboratory using Broth nutrient and
nutrient agar. The concentration of bacteria in the solution was calculated by Haemocytometer. The
culture of Pseudomonas sp. and Rhizobium sp. was transferred aseptically to several infusion bottles
containing nutrient agar media, then incubated at room temperature (28-30°C) for 24 hours. Three ose
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cultures of Pseudomonas sp. and Rhizobium sp. then inoculated into intravenous bottles containing
aseptic nutrient brorth, and let them at room temperature for one week.

One week before the germinated seeds were planted, the concentration of bacteria 10® cells/ml for
each gram of soil were incubated on the soil. The three germinated seeds were sown in each polybag,
after 2 weeks there were two plants each polybag. Removal of weeds was regularly done and the soil
moisture (80-85%) was maintained until soybeans or mungbeans reach the maximum vegetative
period (aged 8 weeks after planting).

The harvest of the plants was obtained 8 weeks after planting. The data was obtained including
total biomass of plants (roots, stems, and leaves), percentage of the effective root nodule (observing
the root nodule visually by splitting the root nodule directly), level of TPH in soil by Gravimetri
method, N and P content in the plant.

3. Results and discussion

The results obtained from this study include (1) the effect of Rhizobium sp. and Pseudomonas sp. to
decrease of TPH level, content of N, P, effective root nodule, and soybeans biomass, (2) Rhizobium sp.
and Pseudomonas sp. to decreased TPH, content of N, P, root nodules, and mungbean biomass.

3.1. Rhizobium sp. and Pseudomonas sp. affect on TPH decreasing, N, P Contents, root nodule, and
biomass of soybean

The effect of Rhizobium sp. and Pseudomonas sp. to decrease the TPH, the contents of N, P, effective
of root nodule, and biomass of soybean are shown in Table 1. The previous TPH concentration before
treatment was 63.480 mg/k

Table 1. Effect of Rhizobium sp. and Pseudomonas sp. on TPH decreasing, N, P
contents, effective of root nodule, and biomass of soybean.

Treatments Decrs?sing P Content N Content  Root nodule Biomass
ey ) (%) (%) (2)
Controle 04.06+1.89  0.35£0.02 0.36+£0.010  16.82+3.002 13.30+3.20
Rhizobium sp. 36.054£2.17  0.93£0.06  0.80+0.015  90.64+9.219 32.20+2.19
Pseudomonas sp. 36.00£1.90  1.01+0.02 0.86+0.040 98.13+2.304 33.75+2.04

Rhizobium sp. &

48.26+2.42  1.46+£0.05 1.39+0.029 96.95+3.458 43.10+0.55
Pseudomonas sp.

Table 1 indicate that the TPH decreasing in the soil is increased due to the combination of Rhizobium
sp. and Pseudomonas sp. which affect also the soybean growth effectively. The combination of these
two types of bacteria also showed the highest results for P and N level in the plant, effective root
nodule, and plant biomass than single bacterial treatment of Rhizobium sp. or Pseudomonas sp. only.

3.2. Rhizobium sp. & Pseudomonas sp. affect on TPH decreasing, N, P contents and biomass of
mungbean

Treatment with Rhizobium sp. and Pseudomonas sp. on the decrease of TPH, contents of N, P, and
mungbeans biomass are shown in Table 2.
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Table 2. Effect of Rhizobium sp. and Pseudomonas sp. on TPH
decreasing, N, P contents, and biomass of mungbean.

Treatments Decreasing of P Content N Content Biomass
TPH (%) (%) (%) (&
Controle 18.59+7.10 0.15+£0.017  0.46+0.21 2542.33
Rhizobium sp. 45.42+7.17 0.56£0.075  1.05£0.21  66.02+3.62
Pseudomonas sp. 47.86+2.43 0.45+0.033  0.98+0.17 62.3+2.46

Rhizobium sp. &

59.1249.12 0.65+0.074  2.86+0.14  75.68+2.13
Pseudomonas sp.

Table 2 reflect that the TPH decreasing in the soil is increased due to the combination of Rhizobium
sp. and Pseudomonas sp. which affect also the mungbean growth effectively. The combination of
these two types of bacteria also showed the highest results for P and N level in the plant, and plant
biomass than single bacterial treatment of Rhizobium sp. or Pseudomonas sp. only.

The decrease of TPH is caused by the degradation of hydrocarbon compounds by bacteria added to
the oil-contaminated soil. It is known that Pseudomonas sp. has the ability to dissolve the phosphate
and also degrades the hydrocarbon compound that resulting in mineralization which causes higher
availability of nutrients due to hydrocarbon degrading bacteria, that capable of using hydrocarbons as
a single carbon source [24]; [25]; [26].

The differences in TPH content in the soil can be affected by various factors. The ability of bacteria
itself to degrade hydrocarbon compounds can also be affected by environmental factors that support
the continuity of the process of degradation of hydrocarbon compounds by bacteria. Pseudomonas sp.
degrades the carbon organic material and use it as a source of energy for the aerobic respiration
process, so that the organic carbon content in the oil-contaminated soil was reduced, such as aromatic
compounds, including benzene and toluene [27]; [28]; [29]; [30].

The mechanism of benzene biodegradation begins with the breaking of aromatic rings by the
enzyme dioxygenase [31]. Microbes form dihydrodiol compounds in single ringed aromatic
components. Furthermore, microbes perform metabolism and produce catechol or protocatechol
compounds [31]; [32]; [33]. These compounds are then broken down with one of two mechanisms
namely the ortho mechanism (Ortho pathway) or meta mechanism (Meta-cleavage pathway).
Subsequent metabolic results are pyruvic acid, formic acid and acetaldehyde, then into the Krebs cycle
which eventually results in H,O, CO; and further compounds [31]; [34].

In addition, the biodegradation of hydrocarbons by microbial communities depends on community
composition and adaptive response to the presence of hydrocarbons. Different adaptability causes not
all types of bacteria are able to adapt to the presence of hydrocarbon compounds [3]; [4]. The bacteria
used in this study were not isolated directly from the location of the oil-contaminated soil in
Bojonegoro, which the soil come from, so that the adaptation period for these bacteria was required.

Biodegradation may occur in two or more steps, i.e biotransformation and/or mineralization [35].
The low percentage decrease in TPH levels due to the addition of hydrocarbon degradation type is
probably caused by the degradation of hydrocarbons carried out by the bacteria still at the
biotransformation stage [35]; [36]; [37]. This means that at that stage only subsequent compounds are
produced which have not been degraded completely. These advanced compounds will be mineralized
by other bacteria capable of degrading hydrocarbon compounds [38]; [39].

Tables 1 and 2 show that there had been an increase in P-content available in the soil due to the
combination of treatment of bacteria than one bacteria solely. The highest increase in P-content occurs
on soils with the addition of a combination of Psedomonas sp. and Rhizobium sp. The increase is
greater than single-bacterial treatment. This suggests that Pseudomonas sp. bacteria have the ability to
increase the availability of P-available in the soil [24]. That mean, the bacteria are able to dissolve the
strongly absorbed phosphate in the oil-contaminated soil to be P-available on the soil. Increased P-
available in the soil is caused by the presence of organic acids produced by bacteria such as citric acid,



3rd Annual Applied Science and Engineering Conference (AASEC 2018) IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 434 (2018) 012122 doi:10.1088/1757-899X/434/1/012122

glutamate, succinate, lactate, oxalate, glioksalat, malate, fumarate, tartaric, and o-ketobutirat [3].
Microbes produce these organic acids through the process of glucose catabolism and the tricarboxylic
acid cycle (TCA), which is a continuation of the glycolysis reaction [31]. These organic acids was link
to the ions which bind P and decrease the pH, so P will change from P-bound to P-available.
Therefore, soil microorganisms that can dissolve phosphate play a role in improving phosphorus
deficiency. Soil microorganisms may also release the soluble inorganic phosphate (H,PO4) into the
soil through the decomposition of phosphate-rich organic compounds [40]; [41].

Table 1 and Table 2 also indicate that the treatment of Pseudomonas sp. and Rhizobium sp. is able
to increase the levels of N. The process of degradation of organic compounds by degrading bacteria of
hydrocarbon compounds releases N which is bound to hydrocarbon compounds, so that N increases
[16]; [17]. Beside that, the treatment of Rhizobium sp. serve the ability of nitrogenase enzyme to
change the N2 to be avalilable for plant so that the acceleration of N metabolism will be increased
[15]; [18]. This is indicated by the increasing of effective root nodule formed on the plant roots so
that the N availability for the plants can be maintained which affect positively on the growth and
development of the plants due to the supply of N and P as well as thus the survival of the plant can be
maintained under adverse environmental conditions, for example on oil-contaminated soil [19]; [15].

It is known that oils could be absorb by plants that make oil to become phytotoxic compounds [42];
[43]; [44] because of the burning of plants or compression necrosis exposed by oil [45]. This effect is
attributed to the death of cells due to the destruction of cell membranes by acidic compounds from oil
[46]. This symptom is probably associated with a high concentration of oil up to more than 8%
resulting in rapid leaf loss as a result of the influence of plant hormones [47]. This dramatic effect will
occur when oil spraying is performed under extremely low environmental humidity conditions. This
risk will increase with the presence of isoalkanes and cycloalkanes, leading to the exclusion of
ethylene thereby encouraging the absorption process [48]. In general, the presence of oil with
environmental stress conditions due to low humidity will make chronic symptoms, ie loss of vigour, so
that leaves, flowers and fruits will easily fall and then affect the production of flowers and fruits. In
addition, the presence of oil will disrupt gas exchange and water movement and metabolite
compounds in plants [49].

Table 1 and 2 also show that generally there is a positive correlation between the percentage
reduction of TPH, N contents, and P contents on plant biomass reflecting on growth and
developmental processes of the plant grown on oil-contaminated soil. Optimal plant growth on oil-
contaminated soil will be determined by low hydrocarbon compounds in plant medium due to
increasing process of oil degradation and also determined by the availability of N and P contents in the
plant. It is known that N is needed as a protein-forming material of both functional proteins and
structural proteins of cells, while P is an element of the key nutrients involved in the transfer and
storage of energy in cells. In generally it can be stated that the plant survival level in polluted soil
depends on the availability of N and P elements in the soil which is reflected as a dynamic of N and P
availability in the soil.

4. Conclusion

The combination of Pseudomonas sp. and Rhizobium sp. affected significantly on plant survival
(indicated by plant biomass) on oil-contaminated soil. These results reveal that microorganism can
improve the plant tolerance and survival in polluted soil mediated by improving plant nutrient status
(N and P) in the soil. As a consequence, the multisimbiotic soil microorganism can be used as an
alternative to increase the plant nutritional status in order to improve plant tolerance and plant survival
in oil-contaminated soils.
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