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 ABSTRACT 
 
The efficacy of some locally sourced plant-based organic biostimulants on 
enhanced in situ remediation of an aged crude oil-contaminated soil (ACOCS) in 
Yorla farm, Ogoni land was investigated using composted Eichhornia crassipes 
(EC), Tithonia diversifolia (TD) and Cynodon dactylon (CD) as biostimulants. EC, TD 
and CD (2,500 g each) were used to biostimulate 4,000 g of ACOCS in situ in plot A 
(TPA) through G (TPG). TPA had no amendment and served as control, while TPB, 
TPC and TPD had EC, TD and CD being added singly. TPE was amended with EC 
and TD, TPF with EC and CD whereas, TPG contained combination of EC, TD and 
CD. Various physicochemical parameters were monitored and results indicated 
reductions in total petroleum hydrocarbon (TPH) from 98,673 to 79,583 ppm 
(19% loss), 98,443 to 31,461 ppm (68%), 98,446 to 19,364 ppm (80%), 98,337 to 
26,345 ppm (78%), 98,225 to 6,987 ppm (93%), 98,113 to 11,243 ppm (89%) and 
93,867 to 1,002 ppm (99%) in TPA, TPB, TPC, TPD, TPE, TPF and TPG, 
respectively. Temperature was mesophilic and ranged from 26-31C. Electrical 
conductivity decreased, indicating exchange of ions within the plots. Total organic 
carbon, pH, nitrate, phosphate and potassium also decreased significantly (ρ 
>0.05) after 70d. The bioremediated soil could be considered non-phytotoxic and 
ecologically safe with seed germination index (GI) ranging from 65 to 100%. A GI < 
40% indicates a high toxicity, while values between 40 to 60% represent 
moderate toxicity and values higher (> 60%) show no negative impacts on 
microflora and fauna. Data obtained suggest that composted EC, TD and CD are 
potent biostimulants for enhanced biodegradation of residual heavy fractions of 
crude oil in contaminated soil after aging. These composted green plants biomass 
could serve as potential candidates for rapid bioremediation of ACOCS hence, 
availing these long lost fields in Ogoni for crop cultivation once again. 
 
Key words: Crude oil-contaminated soil, Ogoniland, biostimulation, enhanced 
biodegradation. 

 
 
INTRODUCTION 
 
The relatively sudden introduction of crude oil into the 
Yorla farmland in Khana local government area of Ogonland 
in Rivers State, Nigeria has clearly overwhelmed their self-
cleaning capacity and, as a consequence, resulted in the 
accumulation of total petroleum hydrocarbon pollutants. 

Crude oil-polluted soils are a common environmental 
problem in Ogoniland and have recently attracted public 
attention since the magnitude of hydrocarbon pollution 
impacts on the ecosystem is severe and calls for immediate 
action (United Nations Environmental Programme, 2011).  
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Remediation of crude oil-contaminated soils holds a lot of 
promise for developing nations where crude oil  pollution 
have impacted negatively on ecological media. Remediation 
has helped in restoring and rehabilitating the negative 
impact of crude oil pollution on the ecosystem (Prince, 
1997; Swannell et al., 1999; Ogugbue et al., 2017a).  

Bioremediation means solving an environment’s problem 
using biological organisms and/or their products to return 
an environmental unit altered by contaminants to its 
original position (Ebuehi et al., 2005; Solomon et al., 2016; 
Solomon, 2014).  Current applied research on petroleum 
microbiology encompasses oil spill remediation and 
traditional approaches for enhancing bioremediation 
processes rely on the addition of one or more nutrients 
which provides microbes with essential elements to 
reproduce and thrive (Achieng et al., 2010).  

Physicochemical techniques for crude oil remediation are 
generally costly and have negative side effects. Therefore, 
continuous efforts must be made toward developing robust 
enhanced remediation techniques that are easy to use, 
sustainable and economically feasible.  

Plants manures contains substantial amounts of available 
macronutrients that are comparable to inorganic sources 
and upon decomposition, it adds organic matter into soil 
which improves water holding capacity, reduces leaching, 
enhances phosphorus-sorption and ameliorates soil acidity 
(Olabode et al., 2007; Kavoo et al., 2011; Gighi et al., 2012) 
and hence complementing inorganic fertilizers. 

Despite the wide knowledge on Tithonia, Bermuda and 
Eichhornia green manures, their compostable forms have 
not been adequately researched and applied in enhancing 
remediation of crude oil-contaminated soil in situ using 
biostimulation technique and there is paucity of 
information to show how these compostable plant manures 
compare with other sources of nitrogen in Nigeria.  

The idea of using plant enhanced-remediation of crude 
oil-contaminated environment is promising as it is 
considered cheap and ecologically sound alternative for 
restoring contaminated media for sustainability.  The 
efficacy of some locally sourced plant-based organic 
biostimulants on enhanced in situ remediation of an aged 
crude oil-contaminated soil (ACOCS) in Yorla farm, 
Ogoniland in Khana Local Government Area of Rivers State, 
Nigeria was investigated using composted Eichhornia 
crassipes, Tithonia diversifolia and Cynodon dactylon as 
biostimulants. 
 
 
MATERIALS AND METHODS 
 
Description of study site 
 
The study was carried out in Yorla oil field located in Kpean 
in Khana Local Government Area of Rivers State, Nigeria.  

 
 
 
The oilfield which was commissioned in 1973 is located at 
latitude 4o 39’ N; longitude 7o 26’E. It consists of over fifty 
oil wells sited in farm lands and swamps. The flow station 
location is a terrestrial environment with a patchy 
regenerating vegetation type dominated by herbs, shrubs 
and scanty trees (Osuji et al., 2006).  
 
 
Sample and sampling techniques 
 
An area of 50 m × 50 m was marked out in the ACOCS. 
Seven treatment plots (TPA, TPB, TPC, TPD, TPE, TPF and 
TPG) each containing 4000 g of ACOCS were used for this 
experiment. One gram of soil was collected (within 0-15 cm 
depth) using soil auger from Yorla farm. Composite plot of 
the crude oil-contaminated soil (COCS) were sampled and 
used in the study.  

The ACOCS was collected with soil auger and transported 
to the laboratory for analyses. Whole green plants of Water 
hyacinth, Mexican sunflower and Bermuda grass were 
obtained and composted in a plastic container for to decay 
for 2 weeks before being used to biostimulate the 
indigenous total heterotrophic bacteria population in the 
soil environment.  

The COCS were taken bi-weekly from each of the seven 
treatment plots. TPA contained ACOCS only and was not 
amended to serve as control. This un-amended ACOCS 
represented natural attenuation processes (American 
Academy of Microbiology, 2004). TPB, TPC and TPD set-ups 
were biostimulated singly with 2500 g of composted 
Eichhornia crassipes (Plot B), Tithonia diversifolia (Plot C) 
and Cynodon dyctolon (Plot D), respectively. TPE, TPF and 
TPG were supplemented in combination with 2500 g of 
composted E. crassipes and T. diversifolia (Plot E), E. 
crassipes and C. dyctolon (Plot F), E. crassipes, T. diversifolia 
and C. dyctolon (Plot G). The study lasted for 70 days that 
spans 10 weeks during which period; samples were 
analyzed on days 0, 14, 28, 42, 56 and 70. 
 
 
Determination of macronutrients in composite green 
plant biomass 
 
Each composted plant biomass was analyzed for nitrogen, 
phosphorus, potassium, calcium and magnesium following 
the method of Olabode et al. (2007). Whole plant was 
ground through a 0·2-mm mesh size before they were 
composted following the procedure of Ogugbue et al. 
(2017). The macronutrients in composted plants were 
determined by Kjeldahl digestion method in continuous 
flow auto-analyzer (ChemLab, UK).  

Concentration of orthophosphate, as soluble reactive 
phosphorus, was measured by the malachite green–
molybdate method (Olsen), while nitrate was determined 
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by direct ultra-violet spectrophotometry according to van 
APHA (1995) procedure. The potassium content was 
analyzed by atomic absorption spectroscopy (Smith, 1996). 
 
 
Determination of hydrocarbon-utilizing bacteria and 
fungi 
 
Soil slurry was prepared by mixing 1 g of wet soil from 
treatment set up with 9 ml of sterile saline suspension. The 
soil suspension was then subjected to a 10-fold serial 
dilution before plating out on the respective media. Each 
dilution was plated in triplicate for greater accuracy of 
results.  

The hydrocarbon-utilizing bacteria were enumerated as 
described by Hamamura et al. (2006) using mineral salts 
medium of Mill et al. (1978) with crude oil supplied by 
vapour phase transfer. For hydrocarbon-utilizing fungi, the 
same procedure was followed except that 1 ml of lactic acid 
was added to Sabouraud dextrose agar to inhibit the 
growth of bacteria. Control plates were incubated without 
any carbon source addition.  
 
 
Determination of total heterotrophic bacteria and total 
fungi  
 
The total heterotrophic bacterial count was determined 
using the spread plate method on nutrient agar as 
described by Hussemann (1993). Soil suspensions were 
prepared by serial ten-fold dilutions with 1 g of soil and 
dilutions were spread plated in triplicates. Culture plates 
were then incubated at room temperature (28±2°C) for 24 
h. For total fungi, 1 g of serially diluted soil suspension was 
spread-plated on Sabouraud dextrose agar in triplicates 
and incubated at room temperature (28±2°C) for 5–7 days 
following standard analytical methods (Black, 1965).  
 
 
Purification and characterization of bacterial and 
fungal isolates  
 
Bacterial colonies that developed on the plates after 
incubation were purified by sub culturing and identified 
based on their colonial, microscopic and biochemical 
characteristics with reference to the Bergey’s Manual of 
Systematic Bacteriology by Holt et al. (1994). Colonies were 
isolated from nutrient agar plates with the highest 
dilutions. These were anticipated to represent the most 
numerous culturable bacteria. For fungi, each purified 
isolate was placed on clean and grease-free slide and a drop 
of lactophenol added. The preparation was covered with a 
cover slip and slide observed under x10 and x40 objective 
lenses of the compound light microscope.  

 
 
 
Molecular studies 
 

Total genomic DNA (gDNA) was extracted with the various 
treatments and analyzed using the Wizard® genomic DNA 
purification kit (Promega, Madison, WI, USA) and Bio 
101FP-120 FastPrep cell disruptor (Qbiogene, Inc. Canada), 
using standard methods previously described by other 
researchers (Evans et al., 2004; Kasai et al., 2005; Chikere 
et al., 2011).  

Polymerase chain reaction (PCR) was performed with the 
universal primer set 27F: GAGTTTGATCCTGGCTCAG and 
1492R: GGTTACCTTGTTACGACT used for the 16S rRNA 
amplification, and partial nucleotide sequences of 16S rRNA 
gene corresponding to positions 37-1370 of Escherichia coli 
rRNA sequence were amplified by blasting against the 
GenBank database using the BLAST program according to 
Chikere et al. (2011).  

Denaturing gradient gel electrophoresis (DGGE) analysis 
was performed with 8% (w/v) polyacrylamide gels (ratio of 
acrylamideto bis-acrylamide 37.5:1) in 1 × TAE buffer (40 
mMTris–acetate, 1 mM Na-EDTA, pH 8.0) with a gradient 
ranging from 40 to 60% (where 100% denaturant was 
defined as 7 M urea and 40%formamide) at a constant 
voltage of 65 V and 60C for 16 h (Bio-Rad Dcode System, 
USA) reported by Kasai et al. (2005). 
 
 
Physicochemical parameters analysis 
 

The physicochemical parameters (pH, phosphate content 
nitrate content, moisture content and total organic carbon) 
of soil samples from the various treatment set ups were 
determined using standard methods. The pH was 
determined by pH meter (Jenway 3015) method, and total 
organic carbon (TOC) and moisture contents by APHA 
(1995) method, while the phosphate, sulphate and nitrate 
content were also determined spectrophotometrically 
(Black, 1965).  
 
 
Total petroleum hydrocarbon analysis 
 

To determine the residual total petroleum hydrocarbon 
composition of the soil samples, a modified EPA 8015 
technique (AEHS, 1998) was adopted. The petroleum 
hydrocarbons in soil sample were extracted using n-
hexane: dichloromethane solvent system (1:1) and an 
aliquot of the extract injected into a gas chromatograph (HP 
5890, Hewlett Packard, PA, USA) equipped with a flame 
ionization detector (FID). This was quantified by 
gravimetric method (Hussemann, 1993; Korda et al., 1997).  
Biostimulation efficiency (B.E) helps us to ascertain the 
level of total petroleum hydrocarbon (TPH) removed from 
the soil after nutrient amendments and was calculated as 
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Figure 1: Total heterotrophic bacterial counts (THBC) of ACOC in the treatments during the study period. 

 
 

 
 
Figure 2: Hydrocarbon utilizing bacterial counts (HUBC) of ACOCS in the treatments using the study period. 

 
 
thus: 
 

 
 

Where, %TPHt = Percentage degradation of crude oil in the 
biostimulated ACOCS and %TPHc= Percentage degradation 
of crude oil in the non-biostimulated ACOCS. 
 
 
Statistical analysis of data 
 
Data obtained were subjected to statistical analysis to 
determine the significant difference among the data 

obtained using one way analysis of variance (ANOVA). A 
value of (ρ > 0.05) was considered significant. 
 
 

RESULTS AND DISCUSSION 
 

The results of total heterotrophic bacterial, hydrocarbon  
utilizing bacterial, total aerobic fungal and hydrocarbon 
utilizing fungal counts are shown in Figures 1 to 4. 
Microbial populations are a quick and effective indication of 
changing environmental parameters in the form of in 
species richness and evenness (Gradi, 1985; Evans et al., 
2004).  

Microbial titer increased from 14d probably due to 
nutrient supplementation and dropped after 70d as a result 
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Figure 3: Total fungal counts (TFC) of ACOCS in the various treatment plots during the study period. 

 
 

 
 

Figure 4: Hydrocarbon utilizing fungal counts (HUFC) of ACOCS in the treatments during the study period. 

 
 
of nutrient depletion in the soil. Results obtained for 
microbiological analyses (Figures 1 to 4) indicated that the 
hydrocarbon utilizing bacterial and fungal counts were 
lower when compared with their obtained total 
heterotrophic bacterial and total aerobic fungal counts 
counterpart. 

The results obtained for microbial analysis in this study 
agrees with an earlier report by Alexander (1999) who said  

 
that hydrocarbon degradation rate correlated linearly with 
degrader population increase. Leahy et al. (1990) earlier 
reported that hydrocarbon utilizing bacteria proliferates in 
a given soil environment following anthropogenic and 
natural release of crude oil. The various physiological 
microbial groups obtained could be responsible for the over 
90% of the total petroleum hydrocarbons reduction from 
the crude oil-contaminated treatment plots. This 
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Figure 5: Major elemental macronutrients present in the composted green plants biomass. 

 
 

 
 

Figure 6: Percentage of total petroleum hydrocarbon (TPH) biodegradation of ACOCS in the treatments. 

 
 
corroborated with previous studies (Abu and Akomah, 
2008; Abu and Atu 2008; Kleijntjens and Luyben, 2000).  
The major elemental macronutrients present in composted 
E. crassipes (EC), T. diversifolia (TD) and C. dactylon (CD) 
green manures are given in Figure 5. Oxygen level may be 
limiting and its improvement via tilling, resulted in  
increased biodegradation of the crude oil contaminants in 
situ.  

EC, TD and CD had concentrations of 4.16, 8.96 and 5.26 
mg/kg, respectively of total nitrogen, and 2.45, 5.12 and 
3.84 mg/kg (total phosphorus), respectively in composted 
EC, TD and CD green plant biomass. The C/N ratio indicated 
values of 0.49 (EC), 0.45 (TD) and 0.59 (CD), respectively.   

 The results obtained for total petroleum hydrocarbon 
(TPH) are shown in Figure 6. There was significant (ρ 
>0.05) reductions in TPH from 98,673 to 79,583 ppm (19% 

loss), 98,443 to 31,461 ppm (68% loss), 98,446 to 19,364 
ppm (80% loss), 98,337 to 26,345 ppm (78% loss), 98,225 
to 6,987 ppm (93% loss), 98,113 to 11,243 ppm (89% loss) 
and 93,867 to 1,002 ppm (99% loss) in TPA, TPB, TPC, TPD, 
TPE, TPF and TPG, respectively. Gas chromatographic (GC) 
fingerprinting of ACOCS before treatment indicated the 
absence of n-alkanes within n-C2 to n-C8 region and was 
attributable to weathering processes during aging. 

However, after treatment with the aforementioned 
amendments, carbon lengths between n-C9 to n-C34 were 
significantly (ρ >0.05) attenuated in TPE and TPG, while the 
much heavier fractions (n-C35 to n-C45) showed a decreasing 
tendency for enhanced attenuation, thus signifying their 
non bio-availability and/or possible immobilization in 
particle pores  (Allard and Nelson, 1997; AEHS, 1998; Leahy 
and Colwell, 1990; Atlas, 1997). 
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Figure 7: Changes in electrical conductivity of ACOCS in the treatments during the study period. 

 
 
 
The changes in electrical conductivity are shown in Figure 
7. The addition of composted plant-based organic manures 
provided the limiting nutrients needed by microbes for the 
degradation of ACOCS in situ. Significant GC peaks 
attenuation noticed in the treatment amended with all 
three nutrients suggest that enhanced remediation was 
successfully prosecute using composted plant-based 
biostimulants. 

The control treatment option (TPA) containing un-
amended ACOCS showed little or no decrease in electrical 
conductivity, indicating that no electron was taken up or 
exchanged within the ACOCS. The EC of the plots decreased 
as the remediation days increases, indicating uptake and/or 
exchange of ions within the treatment plots. Thus, TPA had 
EC decreased slightly by 0.05 mS cm-1 from 7.75 to 7.7 mS 
cm-1. This could be attributed to the absence of amendment 
in the plot, indicating little or no cation exchange capacity. 
TPB had EC decreased from 7.55 on 0d to 4.94 mS cm-1 on 
70d, giving 2.61 mS cm-1 ion exchange. TPC with EC of 7.15 
mS cm-1 decreased on 70d  to 3.18 mS cm-1, giving 3.98 mS 
cm-1 loss.  

In TPD, EC decreased from 7.35 mS cm-1 on 0d to 3.98 mS 
cm-1 after 70d, giving 3.37 mS cm-1 EC reduction. TPE with 
EC of 6.75 mS cm-1 on 0d reduced by 4.89 mS cm-1 to 1.86 
mS cm-1 on 70d. TPF had EC decreased from 6.95 mS cm-1 
on 0d to 2.36 mS cm-1, giving 4.59 mS cm-1 loss and TPG 
with EC of 6.55 mS cm-1 recorded on 0d decreased on 70d 
to 0.47 mS cm-1. Again, this represents 6.08 mS cm-1 of ion 
exchange within the treatments. The results shows 
decreases of EC in the order G (6.08) >E (4.89) > F (4.59) > 
C (3.98) >D (3.37) >B (2.61) >A (0.05). Abu and Akomah  
(2008) had earlier recorded similar results of decreases in 
EC in a related study of biodegradation of total petroleum 
hydrocarbons in soil. 

Figure 8 shows the changes in Total Organic Carbon 
(TOC). Baseline result indicated that ACOCS was low in 
organic nutrient (19.15%). At 0d of the study, the total 
organic carbon (TOC) level was 28.29% (TPA), 28.09% 
(TPB), 27.69% (TPC), 27.89% (TPD), 27.29% (TPE), 
27.49% (TPF) and 27.09% (TPG). TOC on 70d were 28.24% 
(TPA), 23.29 % (TPB), 21.08% (TPC), 22.26% (TPD), 
19.09% (TPE), 20.04% (TPF) and 18.07% (TPG). TPB had 
the highest TOC (23.29%) on 70d, while TPG had the lowest 
TOC level (18.07%) after 70d. 

TPG had less residual organic carbon than the control 
(TPA) which recorded a slight decrease (28.24%) after 70d, 
showing that organic carbon removal took place as a result 
of tilling and natural bioattenuation processes. These 
changes in TOC are similar to those earlier reported by Abu 
and Atu (2008). Their results showed the utilization of 
carbon by the autochthonous microbes with the highest 
rates recorded in TPB (23.29%) and TPG (18.07%), 
respectively 

This study used a wetland clayed soil whose content is 
organic as corroborated by the high baseline TOC value of 
up to 43.15%. The marked decrease in carbon level 
correlated positively with decrease in microbial activity at 
28 and 70d, indicating connection of microbial activity to 
the availability of the TOC content in the ACOCS. Organic 
matter is often scarce in crude oil-contaminated soil 
resulting generally in low microbial activity.  

Low microbial activity may also be attributed to the 
contaminating total petroleum hydrocarbons which are 
toxic to bacterial membranes (Okpokwasili, 2006).  Despite 
these unfavorable phenomena, a broad spectrum of 
microbial genera still survives in oil-contaminated soil with 
a diverse range reported to degrade hydrocarbons (Chikere 
et al., 2011). Decayed plant materials mixed with ACOCS 
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Figure 8: Changes in total organic carbon of ACOCS in the treatments during the study period. 

 
 
 

 
 
Figure 9: Changes in of pH of ACOCS in the various treatment plots during the study period. 

 
 

supported the development of rich microbial population 
and elevated temperature, characteristic of composting. 

The changes in pH readings are shown in Figure 9. 
Baseline pH of 4.32 was obtained, indicating the need for 
improvement. There were observable decreases in pHs in 
the plots. The initial and final pHs of the various treatment 
plots were TPA (7.32 to 7.31), TPB (6.43 to 5.16), TPC (6.05 
to 4.34), TPD (6.25 to 4.71), TPE (5.36 to 3.49), TPF (5.85to 
4.03) and TPG (5.65 to 3.78).  

Studies have revealed that microbes generally thrive well 
in alkaline or near neutral pH (Atlas and Bartha, 1992; 
Manuel et al., 1993). Nonetheless, the pH of many COC soils 
throughout the world is generally acidic and below 4.2.  It 
has been reported that the pH ranges of 6 to 9 provided a 
better condition for microbial growth and metabolism in 
the soil (Venosa et al., 1992; Nikolopoulou and Kalogeraski, 
2009; Foght et al., 1996).  After 70d of the enhanced 
remediation study, the lowest pH of 3.78 was recorded in 
TPG with the highest microbial activity followed by E (3.49) 
> F (4.03) > C (4.34) > D (4.71) > B (5.16) > A (7.31). 

Optimum environmental conditions and balanced-
fertilization generally have to be established in situ as this 
will stimulate the growth of indigenous crude oil-utilizing 
microbes to use the crude as sole source of carbon for 
growth. 

The reduction in pH could be linked to the release of 
acidic intermediates or end products of metabolism. The pH 
results further confirms the postulate of Abu and Dike 
(2007) which stated that increased degradation activity 
resulted in lowered pH.  Studies (Abu, 2017; Abioye et al., 
2009; Okpokwasili, 2006) have it that degradation of oil 
increased with increasing pH, with the optimum 
degradation occurring under slightly alkaline conditions.  

Soil pHs vary widely as organic wetland soils are often 
acidic while mineral soil have more neutral and alkaline 
pHs (Okpokwasili, 2006).  The changes in nitrate content 
are shown in Figure 10. TPA had nitrate values of 16.46 
mg/kg (TPA), 16.66 mg/kg (TPB), 17.06 mg/kg (TPC), 
16.86 mg/kg (TPD), 17.46 mg/kg (TPE), 17.46 mg/kg 
(TPE), 17.26 mg/kg (TPF) and 17.66 mg/kg (TPG) on 0d  
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Figure 10: Changes in nitrate content of ACOCS in the treatment plots during the study period. 

 
 
 

 
 
Figure 11: Changes in phosphate content of ACOCS in the treatments during the study period. 

 
 
 
through 14d. By 28d, nitrate values of 16.48, 23.69, 25.54, 
24.48, 27.73, 26.35 and 29.26 mg/kg in TPA through G ware 
recorded. Braggs et al. (1994) and Braddock et al. (1997) 
had reported that high doses of nutrients could accelerate 
the initial rate of crude oil biodegradation and shorten the 
time frame required to clean up oil-contaminated soil 
(Manuel et al., 1993; Nikolopoulou and Kalogeraski, 2009). 
After 56d, the nitrate content had decreased in the various 
treatment plots (TPA, TPB, TPC, TPD, TPE, TPF and TPG) to 
16.5, 21.99, 23.84, 22.78, 26.0, 24.65 and 27.56 mg/kg, 
respectively.  

By 70d, nitrate values of 16.51, 17.16, 19.24, 18.18, 21.43, 
20.05 and 22.96 mg/kg were obtained for TPA through 
TPG. The decrease in nitrate could be attributed to nutrient 
limitation prior to usage. The efficiency of bioremediation 
of crude oil-contaminated soil is a function of microbial 
viability and nutrient amendments in the environment 
(Agarry and Ogunleye, 2012; Allard and Nelson, 1997; 
Abioye et al., 2009). 

The changes in phosphate and potassium contents of the 
soil are presented in Figures 11 and 12. Phosphate values of 
14.65, 14.59, 12.51, 13.18, 10.98, 11.68 and 10.01 mg/kg 
were obtained for TPA, TPB, TPC, TPD, TPE, TPF and TPG, 
respectively during the enhanced in situ bioremediation 
study period. Phosphate increased on 14d through 28d.  

After 28d period, phosphate contents of 14.65, 26.19, 
24.96, 25.68, 22.97, 23.96 and 21.83 mg/kg were recorded 
for TPA through TPG, respectively. The increase in 
phosphate may be due to nutrient amendment and 
aeration. Van Hamme et al. (2003) had reported that the 
accelerating effect of nutrient addition is stronger when 
nutrient availability is a limiting factor in the 
biodegradation of polluted soil environment.  

By 70d, phosphate dropped to 14.61, 17.27, 15.56, 16.77, 
13.07, 14.66 and 12.52 mg/kg in TPA through TPG.  Again, 
this decrease in phosphate in the treatment plots could be 
attributed to nutrient limitation due to its utilization by 
resident microbes in the medium. For potassium content, 
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Figure 12: Changes in potassium content of ACOCS in the treatments during the study period. 

 
 
 

 
 
Figure 13: Changes in water holding capacity of ACOCS in the treatment plots during the study. 

 
 
 

TPA simulated aerobic natural attenuation condition with 
minimal reduction of potassium in the soil from 9.18 mg/kg 
on 0d to 9.13 mg/kg on 70d. This could be due to natural 
biodegradation facilitated by tilling. The initial and final 
potassium contents of the plots indicated that TPB, TPC, 
TPD, TPE, TPF and TPG recorded various values which 
ranged from 8.97−11.09, 8.28−10.01, 8.67−10.34, 
7.18−7.45, 7.76 to 8.54 and 6.56 to 6.64 mg/kg, respectively 
for TPA through TPG.   

Changes in water holding capacity are shown in Figure 
13. The plots had water holding capacity (WHCmax) 
ranging from 11.21-15.04% (TPA), 13.12-16.35% (TPB), 
15.15-18.25 % (TPC), 14.12-17.29% (TPD), 17.11-20.46% 
(TPE), 16.09-19.42% (TPF) and 18.07-21.35 % (TPG), 
respectively. TPG with the highest rate of TPH 
biodegradation (99%) had WHCmax of 21.35% on 70d, 
while TPA had WHCmax of 15.04%. WHCmax range is 
optimum for biodegradation of ACOCS since values much 
lower than this would tend to desiccation and those much 

higher would tend to anoxic conditions (Leahy and Colwell, 
1990). The addition of composted green plant manures 
enhanced bioremediation. This observation is in agreement 
with Manuel et al. (1993) who reported positive effects of 
amendments on microbial utilization of crude oil applied to 
soil while Ogugbue et al. (2017) had earlier reported the 
efficacy of brewery spent grain and rabbit droppings on 
enhanced ex situ bioremediation of an aged crude oil 
contaminated soil.  

Changes in bulk density are shown in Figure 14. Bulk 
density (BD) in TPA decreased by 0.02% from 1.4075 gcm-3 

to 1.4072 gcm-3. TPB and TPC had BD reduced from 1.4152 
gcm-3 at 0d to 0.9076 gcm-3 and 1.4053 gcm-3 on 0d to 
0.7079 gcm-3, representing 3.9% for TPB and 49.6 % for 
TPC, while TPD had BD reduced by 42.3% from 1.4031 gcm-

3 on 0d to 0.8098 gcm-3 on 70d.  
TPE had BD reduced by 75.2 % from 1.3967 gcm-3 to 

0.3464 gcm-3, while TPF had 63.3% reduction in BD from 
1.3845 gcm-3 to 0.5085 gcm-3 during the remediation. In 
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Figure 14: Changes in bulk density of ACOCS in the treatment plots during the study period. 

 
 
 

TPG, BD decreased significantly from 1.3461 gcm-3 on 0d to 
0.2088 gcm-3 on 70d, thus representing 84.5% BD removal 
from the ACOCS.  

The BD is said to be influenced by the combined effects of 
nutrient, loss of organic matter due to natural attenuation 
and change of water content due to transport processes 
(Abu and Ofurum, 2006; Abu and Akomah, 2008; Abu and 
Atu, 2008).  

Reports have it that soil temperature is one of the most 
important factors controlling biodegradation of 
hydrocarbons (Ibiene et al., 2011; Korda et al., 1997). The 
results obtained for soil temperature indicated that the soil 
temperature of the aged crude oil-contaminated soil was 
mesophilic and ranged from 26 to 31C.  

Thus, there was no further adjustment or modifications 
in soil temperature readings during the study period as the 
ranges obtained were best suited for most microbes and 
hence, biodegradation of the contaminants.  

Molecular analysis was carried out and sequencing 
results showed that Pseudomonas sp. was the dominant 
bacteria isolates found in the treatments that was 
successfully sequenced and had similarity with isolates 
deposited in GenBank which had sequence similarity 
ranging between 91 –– 100%.  

The isolates were identified as microbes closely related to 
the organisms Gordonia sp. with 98% sequence similarity. 
Brevundimonas naejangsanensis had 99% sequence 
similarity, while Shewanella sp. had 99% sequence 
similarity. Achromobacter sp. had 96% sequence similarity, 
Sphingobacterium sp. had 97% and Bacillus sp. had 98% 
sequence similarity.  

Aquitalea magnusonii had 96% similarity, Achromobacter 
sp. with 100% sequence similarity and Chromohalobacter 
salexigens, and 94 % sequence similarity. The isolates are 
Gordonia sp. BK261404 with 98% sequence similarity and 
Corynebacterium sp. NS261405 (98%), Brevundimonas sp. 
KN261406 (99%) sequence similarity and Staphylococcus 
sp. NC261407 had 99% similarity.  

Other isolates, such as Shewanella sp. NR261408 with 
99% similarity, Achromobacter sp. BK261409 (96%), 
Pseudomonas sp. LK261410 (91%) and Sphingobacterium 
sp. KL261411 with 97% similarity, were identified as crude 
oil degrading microorganisms. Bacillus sp. TC261412 
(98%), Pseudomonas aeruginosa VC261413 (93%), 
Pseudomonas sp. BU261414 (100%), Aquitalea sp. 
KG261415 (96%), Achromobacter sp. HQ261417 (100%), 
Halomonas sp. UT261418 (94%) and Pseudomonas 
aeruginosa strain LS261419 were also identified as 
dominant.  

These bacterial isolates identified from the ACOCS during 
the study period corroborated with the findings of other 
researchers (Hamamura et al., 2006; Chikere and Ekwuabu, 
2014; Kasai et al., 2005; Chikere and Okpokwasili, 2004; 
Chikere et al., 2011; Chikere et al., 2011; Chikere et al., 
2015). The presence of these autochthonous bacteria aided 
with composted plant biomass could be responsible for the 
accelerated biodegradation of the crude oil in ACOCS. 

It can be postulated that composted green plants 
materials are readily available, eco-friendly and safe, cheap 
and acts as both bulking agents and bacterial biomass 
suppliers, supporting resident crude oil utilizing microbes 
in mineralizing the residual total petroleum hydrocarbons 
contaminants in the natural crude oil-contaminated soil 
environment.   
 
 
CONCLUSION 
 
The present study has demonstrated that composted 
Mexican sunflower, Water hyacinth and Bermuda grass 
contain major essential elemental macronutrients needed 
for microbial growth and metabolism of residual crude oil 
in contaminated soil environment. The order of 
biostimulation efficacy of the aforementioned plant-based 
biostimulants applied during the study period is given: 
TPG>TPE>TPF>TPC>TPD>TPB>TPA. Thus, the treatments 
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that contained all three different amendments yielded 
better results than those applied singly. Combinations of 
different compostable plants-based organic biostimulants 
are recommended for application during enhanced in situ 
remediation study. 
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