
  
 

30 Soma Prabha, A. and Jayachitra, A. 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 3 

March  2017       

EFFECT OF BIOSURFACTANT PRODUCING 

MICROORGANISMS AMENDED WITH CRUDE OIL TO 

ASSESS GROWTH OF ORIZASATIVA 
 

Soma Prabha, A. and Jayachitra, A. 

School of Biotechnology, Madurai KamarajUniversity, Madurai, Tamilnadu, India. 
 

ABSTRACT  
The selected bacterial strainPseudomonas aeruginosawas amended with crude oil(1%, 5% and 10%) and 

treated in order to elucidate the synergistic effect of surfactant producing bacteria Pseudomonas aeruginosa.The efficacy 

of crude oil on the growth of Pseudomonas aeruginosaby pot culture experiment revealed on enhanced 70% germination 

of seeds and shoot growth of Oriza sativaobserved as 71% during 7
th

, 11
th

 and 13
th

 days of experimental analysis. It is an 

indication that Pseudomonas aeruginosa advocate for biosurfactant production which indirectly enhance the shoot 

growth.  

Keywords:-Oriza sativa, crude oil, Pseudomonas aeruginosa,biosurfactant and germination.  

 

Introduction  

The rapid urbanization and 

industrialization has lead multifold increase in the 

consumption of the crude oil (Duncan, 2001). 

About two third of oil explored is still 

unrecovered, and it was figured that only 30-40% 

oil is recovered  with conventional recovery 

techniques,while about 60-70% of total oil still 

remain un trapped in the reservoir (Youssef,etal., 

2009. Youssef, etal.,2007. Sunthar, etal, 2008 and 

Brown,2010). The microbial surface active agents 

are super seated over conventional ones as they 

offer several features like reduction in surface and 

interfacial tension, being biocompatible (Banat et 

al.,2010). They are biodegradable, non-toxic and 

eco-friendly in comparison to commercially 

synthesized surfactants.They show low irritability 

(Pornsunthorntawee, 2008). Microbial enhanced 

oil recovery (MEOR) is economical alternative to 

conventional enhanced oil recovery techniques 

involving chemical and industrial methods.  

Microorganisms play a very important role 

in oil production, especially the trapped residual 

oil. It produce different metabolites like 

biosurfactant, biopolymers, acids gases and 

solvents that can remove heavy and light crude oil. 

In either case, the mechanism behind oil recovery 

is always dependent on such microbial metabolites 

(Almeida, etal.,2004. Banat,1995. Yakimov,1997). 

The biosurfactant mediated MEOR strategy is 

based on production of biosurfactants by specific 

microorganisms from inexpensive raw material 

and its injection in oil reservoir(McInerney, etal., 

2007).Crude oil varies in appearance and 

composition from one oil kind to another (Craig, 

2003). The varying compositions of one crude oil 

from the other have diverse effects on different 

organisms within the same environment (Overton, 

et al., 1994). 

Bioremediation is a means of cleaning 

contaminated environments throughout the 

microorganism’s metabolic abilities to turn 

contaminants into harmless products by 

mineralization and carbon dioxide and 

water.(Mahjoubi, et al., 2013: Patil , et al., 2012: 

Syakti, et al., 2013).  

Bacteria that have the ability to degrade 

hydrocarbons compounds are known as 

hydrocarbonoclastics bacteria (Davis, 2013) which 

naturally can emulsify, transport and degrade 

hydrocarbons. Hydrocarbonoclastics bacteria 

degrade hydrocarbons by suppressing the 

hydrocarbon chain to make it shorter, mechanism 

where operate specific enzymes encoded by 

bacterial plasmid (Afuwale, et al., 2012: Ashok, 

1995). 

The study is intended to analyze the 

association between the contaminated area plants 

and microorganisms are the key factor in the 

bioremediation process. The roots increase the 

diversity and number of microorganisms in the 

rhizosphere by providing carbon and nitrogen 

through radical exudates (sugars, organic acids and 

other high molecular weight organic compounds); 

this rhizosphere effect can be exploited and used in 

bioremediation; process specifically defined as 

Rhizoremediation (Kuiper, et al., 2004: Mikkonen, 
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et al., 2011).The genus Pseudomonas is the most 

heterogeneous and environmentally significant 

known bacterial group and it is gram-negative 

aerobic rods, characterized by its high metabolic 

versatility given by a complex enzymatic system.  

In addition Pseudomonasspeciestend to be 

predominant among the bacteria associated with 

plants rhizosphere. (Jaharamma, etal.,2009 

:Opasola, et al.,2011:Tripathy,etal., 2006 and 

Uğur, et al.,2012) found several species of this 

genus in some species of leguminous plants, which 

exhibited biocontrol and bioremediation activities.  

Besides, possessPseudomonasspeciessiderosphore 

an iron containing pigment.  

In some species of Pseudomonas, can able 

to degrade hydrocarbons, the production of 

surfactants is considered as the first stage of the 

hydrocarbonoclastic process, these compounds 

have been described as the glycolipic nature, 

among them the rhamnolipids.  They have been 

recognized in Pseudomonasaeruginosa(Benavides, 

et al., 2006: Rocha, et al., 2011), 

Pseudomonasputida(Das, et al., 2011: Kumar,et 

al., 2006), Pseudomonasfluorescens(Olanipekun, 

et al., 2012: Rockne, et al., 2000) and 

Pseudomonasstutzeri(Kastner, et al., 1998: 

Tandlich,etal., 2011).Crude oil pollution has been 

reported  to  have deleterious effects on plant 

germination and seedling growth (Kyung-Hwa et 

al., 2004). Bioassays such as measurements of 

seed germination and early seedling growth have 

been used to monitor treatment effects of oil-

contaminated sites possessing surfactant activity 

(Sverdrup et al., 2003).  

This has necessitated a similar 

investigation in Madurai and its rural village 

where a lot of were reportedpollution of oil in 

farmlands occurs. The study will evaluate the 

toxicity response of seed germination 

OrizaStativa, microorganisms to different 

concentrations of crude oil using radical and shoot 

growth and as well to investigate the effect of 

crude oil on the concentrations of food reserves in 

Oriza Sativa during germination and growth by 

pot culture experiments carried out for a period of 

7
th
, 11

th
 and 13

th
 days of exposure. 

 

Materials and Method  

Plant Materials   
 

Viable pest free seeds of Orizasativa were 

purchased commercially from Madurai Agriculture 

College (T.N.A.U) Madurai. The seeds were 

washed and covered with wettable cotton cloth, 

and kept overnight. 
 

Method of Germination    
 

The method of Aisien and Ghosh (1978) 

was used. Seeds were selected for pest free. The 

seeds were surface sterilized with 1% sodium 

hypochlorite solution for 10 min at room 

temperature and steeped in sterile distilled water 

for 9 h. The hydrated seeds (2.5gm of seeds) were 

subsequently transferred to each sterile Petri dishes 

lined with 9 cm sterile filter paper wetted with 

different concentrations (0, 1, 5, and 10v/v) of 

crude oil. Germination was monitored for (0, 12, 

24, 36, 46, 60, 72 and 84) hours. Protrusion of the 

radicle was taken to signify the initiation of 

germination process. Germinated seeds were used 

for further analyses.   
 

Pot culture Experiment  
  

The rhizosphere soil was collected from 

paddy field soil at Pasumalai, Madurai-District. It 

was autoclaved and transferred into pot. The crude 

oil with different concentration of 1%, 5% and 

10% was amended into soil along with seeds. 

Served as experimental Setup–II. While the soil, 

amended with crude oil, seeds, inoculated 

withPseudomonas aeruginosain broth culture was 

supplemented and served as experimental Setup-

III. In another experimental study seeds were 

treated with microbes alone without oil served as 

Setup-IV. Sterilized soil and seeds alone were 

treated as control.  
 

Determination of Germination of seeds 

expressed in Percentage  
 

The percentage of seed germination was 

calculated from the each treated pot with two 

replicates after seven days from the sowing. While 

the percentage germination of plants for each 

concentration of crude oil contaminated soil was 

calculated as:  

% Germination =   Total number of   

germinatedstems X 100 

Total number of planted stems 
 

Analysis of Shoot Length 
 

Plants (Orizasativa) were collected from 

each treated pot after 13
th
day from the seed sown. 

The length of the root and shoot length was 
measured individually for plant and expressed in mm.  
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Result  

Determination of seed germination of plant 

Oriza sativa exposed to different concentration 

of crude oil and treated with surfactant 

producing organism (S7) Pseudomonas 

aeruginosa 

Table: 1. Depict determination of seed 

germination of plant Oriza sativa exposed to 

different concentration of crude oil with varying 

percentage of 1%, 5% and 10%. Seed germination 

were observed in control (Sterile soil with seeds) 

in pot culture showed an enhanced germination 

during 1
st
, 3

rd
 and 5

th
 day with 6.3mm, 11.5mm, 

14.7mm respectively.  

Seed treated with microorganism 

Pseudomonas aeruginosa, where found to be equal 

germination in 1% supplemented with crude oil. 

The results revealed was similar to control. Crude 

oil with 1% amended with microorganisms 

exhibited during 1
st
 day, 3

rd
 day and 5

th
 day was 

found to be 6.3mm, 11.8mm and 15.7mm respectively.  

A slight decrease was noted with 5% of 

crude oil treated with microbes was carried out and 

it was found to be 5.8mm, 10.4mm and 14.2mm 

respectively. On comparison with microbes 

showed raising germination of seeds than crude oil 

alone treated seeds. Similarly when concentration 

of crude oil with a concentration of 10% showed a 

slight variation exhibited 4.8mm, 9.6mm and 

11.6mm observed during 1
st
, 3

rd
 and 5

th 
day 

respectively.  

Another set of experimental setup revealed 

seeds treated with different concentration of crude 

oil alone was depicted in Table: 4.The seeds 

treated with 1% crude oil showed a declining trend 

compared with control. The crude oil treated seeds 

showed 5.7mm, 10.5mm and 11.7mm during 1
st
, 

3
rd

 and 5
th
 day respectively. Whereas on increasing 

concentration of crude oil to 5% revealed a 

reduction in raising seed germination of Oriza 

sativa which recorded a value of 5.8mm, 10.4mm 

and 14.2mm during 1
st
 day, 3

rd
 day and 5

th
 day. 

Similarly a drastic reduction in 10% raised 

germination of seed were observed during 1
st
, 3

rd
 

and 5
th
 day exhibiting 4.1mm, 6.5mm and 9.7mm 

respectively when compared to control treated seeds. 

Analysis of shoot length plant Oriza sativa 

exposed to different concentration of crude oil 

and treated with surfactant producing 

organism (S7) Pseudomonas aeruginosa 

 The effect of the different concentration of 

crude oil in sterilized soil inoculated with 

microbes Pseudomonas aeruginosa revealed a 

basic value day 7
th
 day with 18.9mm, 17.4mm and 

16.4mm at a percentage concentration at 1%, 5% 

and 10% respectively. However Pseudomonas 

aeruginosa inoculated at 9
th
 day revealed 25.6mm, 

24.2mm and 20.7mm revealed at a percentage 

concentration of 1%, 5% and 10%respectively. 

However, among the different concentration crude 

oil (5% and 10%) a gradual decline from a range 

of 1% to 10 % was observed. Similarly on 13
th
 

day, subsequently growth in plant shoot was found 

to be increased on 11
th
 day and 13

th
 day of 

experimental groups, which showed a remarkable 

increase with 34.6mm, 32.4mm and 27.3 observed 

for 1%, 5% and 10% respectively. Plant height 

decreased with increased concentration of crude 

oil.Simultaneously on subsequent study with 

control of shoot height recommended a gradual 

increase in shoot grown, exhibiting 17.8mm, 

22.3mm, 27.1mm and 35.4mm observed during a 

defined phase of growth from 7
th
 day till 13

th
 day.  

 Subsequent treatment with crude oil 

without microbes and concentration with a 1% 

showed 16.3mm, 14.6mm and 13.7mm 

respectively.  However with same percentage 

concentration but extended duration of 13
th
 day 

showed a significant increase with 29.2mm at 1% 

followed by 5% revealed 27.7mm and 25.2 at 10% 

respectively. A simple pattern of shoot growth was 

noted during 11
th
 day and 13

th
 day.     

 

Table: 1: Morphometric analysis of Crude oil concentration expressed in percentage (%) ofSeed 

Germination in mm of Oriza sativa with Microorganisms (Pseudomonas aeruginosa)  
No of 

Days 

Control+ 

S.Soil + 

Seeds 

Crude oil + S.Soil + Seeds Crude oil + S.Soil + Seeds + 

Microorganisms (S7) 

Microorganisms+ 

S.Soil + Seeds S7 

(Without Oil) 1% 5% 10% 1% 5% 10% 

0
th

 Day - - - - - - - - 

1
st
 Day 6.3 5.7 5.0 4.1 6.3 5.8 4.8 6.9 

3
rd

  Day 11.5 10.5 9.7 6.5 11.8 10.4 9.6 11.7 

5
th

 Day 14.7 11.7 10.4 9.7 15.7 14.2 11.6 15.8 
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Table: 1.1: Morphometric analysis of Crude oil concentration expressed in percentage (%) of Shoot 

Length in mmOriza sativa with Pseudomonas aeruginosa. 
No of 

Days 

Control+ 

S.Soil + 

Seeds 

Crude oil + S.Soil + Seeds Crude oil + S.Soil + Seeds + 

Microorganisms (S7) 

Microorganisms+ 

Soil + Seeds S7 

(Without Oil) 1%  5% 10% 1% 5% 10% 

0
th

 Day - - - - - - - - 

7
th

 Day 17.8 16.3 14.7 13.5 18.9 17.4 15.4 20.7 

9
th

 Day 22.3 20.9 19.0 17.5 25.6 24 20.7 25.4 

11
th

 Day 27 22.4 20.7 19.1 30.2 29.2 23.9 32.6 

13
th

 Day 35.4 29.2 26.8 24.3 34.6 32.4 27.3 40.4 

 

Plate: 1: Seed Germination of different Concentration of Crude oil( 1%, 5% and 10%). 

 
Plate:1.1: Seed Germination of different concentration of crude oil (1%, 5% and 10%) with treated 

against Biosurfactant producing microorganism of Pseudomonas aeruginosa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate:2:Enhancement of Orizasativa treated with different percentage of Crude oil 

Control  

Crude oil  +1%   
Crude oil  

+10% 

Control 

Crude oil  

+ 5 % 

S7 Microbes 

Control  

S7 + 1% Crude oil 

S7 + 5% Crude oil 

S7 Microbes 

S7 + 10% Crude oil 
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Plate:3: Microbial Enhancement of Orizasativa treated with S7 (Pseudomonas aeruginosa) different 

percentage of Crude oil 

 

 

 

 

 

 

 

 

 

 

Discussion 
 

Tremendous interest in plants uptake of 

organic contaminants were conducted in last two 

decades, while many of the studies with regard to 

phyto remediation and utilization of carbon 

sources crude oil containing biosurfactant were 

carried out.Rice seeds (Oriza sativa) were used in 

the current study because the grain is consumed 

globally at a rate of 400 million metric tons, 

accounting for nearly half of total cereal 

consumption in world populations (Zhu, et al., 

2008). 

In our study conducted for a period of 

thirteen day to assess the germination of seedlings 

and growth of shoot system through pot culture 

experiments were carried out using different 

concentration of crude oil (1%, 5% and 10%).  

Besides the surfactant producing microbes 

like Pseudomonas aeruginosa, Pseudomonas 

stutzeri, were employed for enhancing 

biosurfactant production using crude oil as carbon 

source and stimulates the germination of seeds and 

growth was enhanced.Seed germination was found 

to sprout during onset of 1
st
 day itself.  

The germination of seed was stimulated by 

microbes efficiently rather compared to control 

(without oil). It was found out that utilization of 

carbon sources (crude oil) were significant inspite  

 

 

it was lesser than microbes treated soil conducted 

with crude oil.  
 

Analysis of Sprouting and Seed Germination  
  

The crude oil utilization ability as carbon sources 

on the germination of seeds of Oriza sativa by 

petridish and pot culture experiment was analyzed. 

The germination and growth ability were analyzed 

in different experimental groups using sterilized 

soil and seeds, soil amended with crude oil, soil 

supplemented with crude oil inoculated with 

microbes using Pseudomonas aeruginosa,was 

carried out. Depicted in Table:1 and 1.1. 

Pseudomonas aeruginosa,revealedmaximum 

germination and growth ability was noted. In the 

present investigation utilization of crude oil with 

bacterial isolates Pseudomonas aeruginosa, reveal 

significant results because Pseudomonas possesses 

a surfactant activity. Our results were in total 

agreement with findings of Vinothini et al., (2015). 

 Study was also conducted in pot culture 

experiments. Leahy and Cowell (1991) 

demonstrated that microorganism completely 

utilized hydrocarbons. Only the pattern of 

utilization of carbon sources used 

fordifferentmicroorganisms possess a different 

catabolizing enzyme (Penet and Morchey, 2006). 
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In the present study Oriza sativa showed 70% 

germination and propagated plant in pot culture 

experiment (Set group III) in all three  

concentration with different percentage of 1%, 5% 

and 10% inoculated that (1%) was found to utilize 

crude oil to the maximum. Amongwhich 1% 

showed maximum utilizing of crude oil 

contaminated sterilized soil. 

On analysis of data pertaining to 5% and 

10%the experimental group (set group III) 

exhibited 60% and 50% the declining trend 

ranging from 1%, 5% and 10% of crude oil was 

noted.  

The bacteria that have the ability to 

degrade the hydrocarbon compounds were known 

as hydrocarbanoclastic bacteria the high 

prevalence of biosurfactant and biosurfactant 

producing bacteria in contaminated sustainable 

role in agriculture. The above findings were in 

total agreement  withThara et al., 2013. 

 In present study an association between 

crude oil contaminated sterile soil and seeds with 

different concentration of crude oil such as (1%, 

5% and 10%) were assessed for germination of 

seeds growth. The present study emphasized 

experimental group II without microorganisms 

revealed 48% for 1% and 42% for 5% and 40% for 

10% observed in 5days of exposure exhibited in 

maximum germination.  

 The genus Pseudomonas aeruginosais the 

most heterogeneous and environmentally a 

significant known bacterial group characterized by 

high metabolic activity with enzyme system. Since 

Pseudomonas aeruginosaand Pseudomonas 

stutzerifor the species tend to be predominant 

along with bacteria associated with crude oil 

contaminated rizhosphere soil. In our findings 

were in total conformity (Juliyanmay, 2013). Since 

in our study the experimental setup IV with out in 

oil only in microbes exhibited in 64%, rather 

compared to control were in the sterile soil and 

seeds found to exhibit 59% of seed germination 

during an exposure period of five days.  

 In this context of the study carried out in 

crude oil contaminated soil along with the 

bacterial species a specially surfactant producing 

organisms naturally support seed germination and 

growth of Oriza sativa by utilization spilled crude 

oil and reducing the toxicity of crude 

oil.Simultaneously, it could also support the 

recommendation of vegetation in the oil 

contaminated sites with this surfactant producing 

bacterial species.   

In the present study germination of seeds 

and growth of shoot length studied revealed oil 

contamination in soil is known to slow the rate of 

germination in plant and growth was slow (in 

experiment set -II). When compared to 

experimental treated groups of crude oil 

supplemented with microbes in experiment set III. 

In this study pertaining to growth of shoot length 

in our control treated seeds exhibited 71% when 

compared to the experimental group (sett II) which 

comprised crude oil and seeds revealed the drastic 

reduction in coleoptiles of 58.4%, 54% and 50% 

observed with the gradual increase in 

concentration of 1%, 5% and 10% respectively. 

The shoot study was significantly lowered in seeds 

amended soil alone, where as in seeds with 

microorganism exhibited 70% which favor that 

Pseudomonas species as biosurfactant producing 

organism led to enhancement in growth of Oriza 

sativa in short, with duration of 13 days. The study 

was further extended to assess the role of 

microorganisms in sterile soil amended seeds 

(without oil) indicated 81% of shoot growth. 

Which subtanciousPseudomonas species 

responsible for surfactant production enhanced 

coleoptilesgrowth. 
 

Conclusion  
 

The microorganisms Pseudomonas species 

a biosurfactant producing organism, found in soil 

contaminated with crude oil indicated a promising 

results in enhancement of germination of seed and 

growth of shoot Oriza sativa by utilization of 

crude oil as carbon sources to degrade was 

monitored and it showed that 81% of crude oil and 

surfactant to increase the growth.     
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