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Abstract
This study investigated the ability of Bothriochloa bladhii (Retz.) S.T. Blake (Poaceae), Cyperus ligularis L. (Cyperaceae), 

Commelina erecta L. (Commelinaceae), Mariscus umbellatus (Rottb.) Vahl (Cyperaceae), Fimbistylis miliacea L. (Cypera-

ceae) and Torulinium odoratum L. (Cyperaceae) to clean up various levels of used motor oil (UMO) contaminated soils. 

The plants were grown in 2 kg garden soils treated to 0%, 1%, 5% and 10% levels of UMO contamination. The plant growth 

parameters, chlorophyll contents and dry weight of test plants were measured. The phytoremediation ability of these 

test plants were assessed by measuring the uptake of hydrocarbons in terms of total hydrocarbon content (THC) as well 

as their percentage degradation values. There was significant (P < 0.05) reduction in leaf chlorophyll contents and dry 

weights of the test plant species planted in UMO contaminated soils. THC as well as the percentage uptake (or degra-

dation) of hydrocarbons were both lowest in C. ligularis but highest in T. odoratum in all cases. The phytoremediation 

potential of test plants was highest in soils contaminated with 5% UMO. Based on the results of this study, all test plants 

with the exception of C. ligularis were potentially capable of undertaking phytoremediation. However, B. bladhii and T. 

odoratum proved most effective in the uptake and degradation of UMO.
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INTRODUCTION

The exponential increase in the number of automotive 

vehicles in Africa has concomitantly led to the extensive 

use of refined petroleum products. In particular, such ve-

hicles are usually old and have low efficiency in utilizing 

the refined products. Ghana epitomizes this phenom-

enon. Activities of way-side private automobile mechan-

ics are largely uncontrolled across the cities and towns 

in non-built up areas in Ghana. This, in turn, has led to 

rampant spillage and deliberate release of used motor 

oil (UMO) directly on the soil surface leading to poten-

tial contamination of groundwater. Used motor oil may 

contain heavy metals, such as lead, chromium, cadmium, 

arsenic, zinc and other materials like benzene, naph-

thalene, chlorinated hydrocarbons, and sulphur. One li-

ter of oil can contaminate up to 1 million liters of water 

and can accumulate in the subsoil system, posing a risk 

to the environment. A single automotive oil change is es-

timated to produce 4–5 L of used oil (Singh et al. 2009). 

The amount of used motor oil disposed of improperly by 

auto mechanics every 18 days is approximately 42 million 

L. Approximately, 3.8 L (i.e., one gallon) of used motor oil 

that is re-refined will produce 2.4 L of lubricating oil, but it 
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Alkorta 2001).  Organic pollutants that have been success-

fully phytoremediated include organic solvents such as 

trichloroethylene (TCE) that is the most common pollut-

ant of groundwater (Shang et al. 2003), herbicides such 

as atrazine (Burken and Schnoor 1997), explosives such 

as trinitrotoluene (TNT) (Hughes et al. 1997), petroleum 

hydrocarbons such as oil, gasoline, benzene, toluene, and 

PAHs (Olson et al. 2003), the fuel additive methyl tert-

butyl ether (MTBE) (Winnike-McMillan et al. 2003), and 

polychlorinated biphenyls (PCBs) (Harms et al. 2003). 

The major factors limiting phytoremediation are the mass 

transfer, rate of plant uptake, and microbial biodegrada-

tion of hydrophobic organic compounds (HOCs) (Gao et 

al. 2007).

In fact, existing research on phytoremediation has 

disproportionately focused on heavy metals. This study 

therefore, sought to determine the potential of some se-

lected indigenous grass and grass-like species for phy-

toremediation of UMO contaminated soils. The specific 

objectives were to investigate the effect of the UMO on 

some growth parameters (chlorophyll concentration and 

biomass) of the selected plant species; measure the quan-

tity of total hydrocarbon extracted by the grass species; 

and also to estimate the degradation ability of the spe-

cies. It was envisaged that the plant species with the most 

proven potential could be employed in field trials.

MATERIALS AND METHODS

Seedlings collection and identification

Seedlings of plant species used for this study were col-

lected from various locations along the Kpone and Tema 

Newtown beaches and inland points within Ashaiman 

(05°42′00″ N, 00°01′60″ W) and Tema (05°40′ N, 00°00″ W), 

Ghana. Bothriochloa bladhii (Retz.) S.T. Blake (Poaceae) 

was obtained along the beach of Kpone. Cyperus ligularis 

L. (Cyperaceae) and Commelina erecta L. (Commelinace-

ae) were obtained along the beach of Tema Newtown. 

Mariscus umbellatus (Rottb.) Vahl (Cyperaceae) was ob-

tained around the Physiology Laboratory of the Depart-

ment of Botany, University of Ghana. Fimbistylis miliacea 

L. (Cyperaceae) was obtained from the Japanese Farms at 

Ashaiman Jericho. Torulinium odoratum L. (Cyperaceae) 

was obtained around the Ashaiman Municipal Assembly 

(ASHMA) building. Seedlings of these plants were used in 

this study. The choice of these plant species (Fig. 1) was 

based on the fact that grasses and grass-like species are 

ubiquitous and have extensive root system which offers 

takes 159 L of crude oil to produce the same 2.4 L of lubri-

cating oil. Obviously, these motor lubricants and UMOs 

do alter soil physical, chemical and microbial properties 

(Patrick-Iwuanyanwu et al. 2010) and inhibit plant growth 

(Okonokhua et al. 2007, Kayode et al. 2009). The hydrocar-

bon component of the oil is also known to interfere with 

integrity of membranes (Carson et al. 2006). 

The ability of plants to thrive in oil contaminated me-

dia varies from one species to the other and this variation 

holds the key to the remediation of oil contaminated soils. 

To be a candidate for phytodegradation according to the 

Green Liver Model, 1) a suitable set of enzymes has to be 

present in the plant cells and 2) a soil contaminant has to 

be taken up by the plant through the xylem. As opposed to 

heavy metals that, as a result of their similarity to nutrients, 

are actively taken up by plant cells through transporter 

molecules (Krämer et al. 2007, Reichenauer and Germida 

2008), no such specific transporter molecules exist in 

plants for organic contaminants of soil. These molecules 

are taken up passively by plant cells. Therefore, octanol–

water partition coefficients (logKow) of such substances 

and their solubility in water, which facilitate the crossing 

of the outer cell membrane (the plasmalemma), are im-

portant and prerequisite for a substance to be taken up by 

plants (Reichenauer and Germida 2008). Substances with 

logKow between 0.5 and 3 are found to be taken up best 

by plants. Very hydrophilic substances (i.e., logKow < 0.5) 

can be transported well inside the plant but are not able 

to cross the plasmalemma, which is a lipid bilayer (Rei-

chenauer and Germida 2008). Hydrophobic substances 

(i.e., logKow > 3), on the other hand, can be dissolved in the 

plasmalemma but are only poorly associated in the cyto-

plasm. For hydrophobic organic contaminants, includ-

ing phenanthrene and pyrene, uptake by the roots of the 

plants shows a strong correlation with root lipid content 

(Gao et al. 2007). Both substances can be transferred from 

the root to the shoot, whereas no shoot-to-root transfer 

of these two polycyclic aromatic hydrocarbons (PAHs) in 

atmospheric deposition could be detected. 

According to Garbisu and Alkorta (2001), there are two 

different strategies for phytoremediation of organics: di-

rect phytoremediation and phytoremediation explanta. 

The latter is based on the secretion by plants of their pho-

tosynthate in root exudates, which support the growth and 

metabolic activities of diverse fungal and bacteria com-

munities in the rhizosphere. Some organic compounds in 

root exudates (such as phenolics, organic acids, alcohols, 

proteins) may serve as carbon and nitrogen sources for 

growth and long-term survival of micro-organisms that 

are capable of degrading organic pollutants (Garbisu and 
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soil series, comprising four Alfisols and one Vertisol (Eze 

et al. 2010).

Physical and chemical properties of soil

The textural characterization of the soils indicates they 

are predominantly sandy clay loam, sandy clay, and clay. 

Sand content of the soils varied from 250 to 790 g/kg and 

tended to decrease with depth, while the silt content 

ranged from 100 to 300 g/kg. Clay content ranged from 

130 to 730 g/kg and generally increased with depth. Table 

1 shows the physicochemical properties of soils used in 

this study. The Alajo series located at the bottom slope 

was predominantly clay with a clay content of ≥500 g/kg 

in all horizons. Elevation tended to influence the distribu-

large surface area to accommodate consortia of micro-

biota. Additionally, they can be easily uprooted for dry 

weight measurement. Besides, their perennating buds are 

subterranean and so can have a long tenure at one place, 

while their aerial parts die off annually. The seedlings 

were transplanted into 15 × 15 cm black polythene bags 

filled with used motor oil contaminated soil. 

Site description and soil sampling

The soils (Alajo series) used in this study were collected 

from five profile pits located along the catena that runs 

from the Legon hill, in the northeastern direction. The 

study area lies within 05°38′00″ N to 05°42′00″ N, and 

00°08′00″ W to 00°12′00″ W, approximately. This area is 

typical of the general ecology and geomorphology of the 

coastal savanna zone and the Accra Plains in general (Eze 

et al. 2010). The altitude of the study area ranged from 54 

to 164 m above sea level. It experiences a mean annual 

rainfall of about 800 mm and mean annual temperature 

of 27°C (Eze et al. 2010). The rainfall regime typically 

consists of two rainy seasons: a main wet season which 

falls from April to July, and a minor rainy season around 

September to mid November. This area is further charac-

terized by a distinct dry season between December and 

February. Legon hill in the Accra Plains is an outlier of the 

Togo–Akwapim Range. The geology of the area is Togo 

(pre-cambrian) quartzite with smaller amounts of phyl-

lite, sericite, schist, sandstone, and shale (Eze et al. 2010). 

The catena on the Legon hill under study consists of five 

Fig. 1. The plant species used in the study.
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Table 1. Physicochemical properties of soil

Soil parameters
Degree of contamination (%)

0 1 5 10

pH 7.98 8.16 8.21 8.20

Electrical conductivity  
   (µS/cm) 

 255  170  210  201

Carbon content (%) 5.97 5.97 5.95 5.94
Nitrogen content (%) 0.98 0.81 0.77 0.67
Initial soil THC (mg/mL) 0.08 1.40 2.06 5.44
Final soil THC (mg/mL)   0.003   0.076   0.998   4.934

Particle size (%)
Silt    11.3    11.7    11.7    12.3
Clay    32.1    32.0    32.4    32.7
Sand    56.6    56.3    55.9    55.0
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used to determine the leaf chlorophyll content of the test 

plants. Total hydrocarbon content of the test plants was 

determined spectrometrically at 420 nm after extraction 

with toluene 80% (v/v) and degradation ability of the test 

plants was estimated as the amount of hydrocarbons 

removed from the contaminated soils in relation to the 

amount applied (Merkl 2005). There were 12 replicates of 

each selected plant species per treatment option.

Contaminant 

Used motor oil (UMO) was chosen as the contaminant 

for this study. It was obtained from a local automobile 

workshop. The grade of used oil was the Society of Auto-

motive Engineers (SAE) 10W. This means that the oil can 

still be pumped by the engine at a temperature as low as 

minus 10 degrees during winter. Physical properties of 

the UMO are shown in Table 2. The hydrocarbon compo-

nents of the UMO consisted of saturates (76%), aromatics 

(12%), polar compounds (3%), asphaltenes (1.5%), vola-

tile compounds (3.5%) and other components not char-

acterized (4%). The metal components of the UMO con-

sisted of Al (12 mg/kg), Sb (612 mg/kg), Ba (7,512 mg/kg), 

Ca (38,012 mg/kg), Cu (1,312 mg/kg), Fe (13,812 mg/kg), 

Pb (45,012 mg/kg), Zn (68,012 mg/kg), Mg (20,012 mg/kg) 

and Si (1,912 mg/kg).  

Contamination 

The calculated weight of UMO to achieve the desired 

degree of contamination was sprayed on 2 kg of each 

type of soil. The soil–contaminant mixture was pulver-

ized manually and thoroughly mixed for 1 h in a covered 

tray. The mixture was placed in a covered container for 1 

week so that the UMO would come to equilibrium with 

the soils. During this period, the soils were mixed periodi-

cally. Dry soils required 24 to 48 h to come to equilibrium 

with water (ASTM 1993).

Total hydrocarbon uptake 

Total hydrocarbon uptake indicates the ability of total 

hydrocarbon accumulation in different plant parts of col-

tion of clay and sand within the upper 0–30 cm depth of 

these soils. A decrease in elevation clearly indicated an in-

crease in clay enrichment with a corresponding decrease 

in sand content, since the finer particles (clay fraction) are 

easily transported down to bottom slopes. The pH of the 

soils ranged from 5.0 to 7.9 (moderately acidic to slightly 

alkaline) and tended to decrease with depth. Soil electri-

cal conductivity (EC) values ranged from150 to 300 µS/cm 

indicating that the soils were non-saline. 

Degree of contamination 

In this paper, degree of contamination is defined as 

the percentage weight of UMO contaminant with respect 

to dry weight of soil. The observed contamination level 

at some contaminated sites (i.e., environs of mechanic-

al workshops) provided a basis for contamination of the 

soil in the laboratory at varying percentages. Based on 

this consideration, the soil was contaminated at 1%, 5%, 

and 10% degree of contamination for further studies. The 

initial degree of contamination was fixed at 1% because 

Ghana does not have any statutory percentage degree of 

soil contamination that it considers as hazardous waste.  

Soil Analysis

The soil was obtained from the Experimental Farm site 

on the University of Ghana campus and prepared by siev-

ing it through 2 mm mesh to exclude debris and spread 

out thinly in a rectangular tray to air dry. Two kilograms of 

the dried soil was treated by mixing thoroughly with 0 ml, 

26 ml, 115 ml and 228 ml of UMO to obtain a control, 1%, 

5% and 10% level of UMO contamination of the soil. The 

test plants were allowed to grow for 8 weeks in a green-

house. Analyses were carried out 2, 4, 6, and 8 weeks after 

transplanting respectively. Soil pH was analyzed by Orion 

ion meter model 525A (Thermo Scientific, Beverly, MA, 

USA). Available nitrogen (%) and available phosphorus 

(%) were estimated by following the approach of Carter 

and Gregorich (2007), while total organic carbon was ana-

lyzed by following the method of Walkley (1947). Water 

holding capacity was measured hydrometrically. 

Measurement of leaf chlorophyll

Leaf chlorophyll content of the entire test plants were 

analysed spectrometrically at 647 and 664 nm, using the 

Perkin-Elmer spectrophotometer (Lambda 20 VS VIS; 

Perkin-Elmer, Waltham, MA, USA) after extraction with 

80% (v/v) toluene. The Witham et al. (1971) formula was 

Table 2. Physical properties of used motor oil (UMO)

                      Properties Value

Weight density (kN/m3) 8.60
Kinematic Viscosity at 20oC (m2/S) 1.17 × 10-4

Surface tension at 20oC (N/m)   3.6 × 10-2

pH 7.39
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with UMO except C. ligularis which grew only in the con-

trol soils. The week-by-week dry weight data presented in 

Fig. 2 showed that there was steady growth in M. umbel-

latus, F. miliacea, T. odoratum, C. erecta and B. bladhii in 

the 0% (i.e., control), 1% and 5%. There was an observed 

reduction in growth when control (0%) and treated (1, 5 

and 10%) plant species were compared. This reduction 

was however, significant (P < 0.05) among plant species 

planted in soils at 5% and 10% level of UMO contamina-

tion (Fig. 1c and 1d). 

Cholorophyll content of plants species in con-
taminated soil

Data on chlorophyll content showed that the leaf chlo-

rophyll content (A, B and total chlorophyll) of test plants 

within each treatment level generally increased from 

week 1 to week 4 (Figs. 3−5). For chlorophyll A, B. bladhii 

planted in the control soils at week 4 recorded the highest 

values whilst T. odoratum species planted in soils at 1% 

level of UMO contamination recorded the least value (Fig. 

3). Bothriochloa bladhii species planted in control soils 

again recorded the highest chlorophyll B content whilst T. 

odoratum planted in soils at 5% level of UMO contamina-

lected species. Concentration ratio for total hydrocarbon 

was calculated as per the following formula: CR = (shoot 

total hydrocarbon concentration)/(root total hydrocar-

bon concentration). Thus, in roots it is an index of trans-

location. Generally, the CR in all confirmed hyper-accu-

mulators of hydrocarbons are >1, whereas it is usually <1 

in non-accumulators. 

Statistical Analysis

The statistical package for the social sciences (SPSS) 

ver. 16.0 for Windows software (SPSS Inc., Chicago, IL, 

USA) was used to analyze the means of data obtained as 

well as to display them graphically. The means were com-

pared using two-way analysis of variance (ANOVA), sig-

nificance was declared for values of P < 0.05 followed by 

mean separation by using the Tukey’s HSD Post-hoc test. 

RESULTS

Growth of plant species in contaminated soil

Test plants thrived in all the levels of soil contamination 

Fig. 2. Dry weights of test plant species at various treatment levels of soil contamination with used motor oil (UMO). (a) control (i.e., 0% UMO treatment), (b) 
1% UMO treatment, (c) 5% UMO treatment, (d) 10% UMO treatment. Mu, Mariscus umbellatus; Fm, Fimbistylis miliacea; To, Torulinium odoratum; Cl, Cyperus 
ligularis; Ce, Commelina erecta, Bb, Bothriochloa bladhii. Error bars represent standard errors. 
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Fig. 4. Weekly mean chlorophyll B content of the test plants at various levels of soil contamination with used motor oil (UMO). (a) control (0% UMO 
treatment) (b) 1% UMO treatment (c) 5 % UMO treatment (d) 10% UMO treatment. Mu, Mariscus umbellatus; Fm, Fimbistylis miliacea; To, Torulinium 
odoratum; Cl, Cyperus ligularis; Ce, Commelina erecta, Bb, Bothriochloa bladhii. Error bars represent standard errors.
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Fig. 3. Weekly mean chlorophyll A content of the test plants at the various levels of soil contamination with used motor oil (UMO). (a) control (i.e., 0% 
UMO treatment), (b) 1% UMO treatment, (c) 5% UMO treatment, (d) 10% UMO treatment. Mu, Mariscus umbellatus; Fm, Fimbistylis miliacea; To, Torulinium 
odoratum; Cl, Cyperus ligularis; Ce, Commelina erecta, Bb, Bothriochloa bladhii. Error bars represent standard errors.
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content at the 10% level. The highest total hydrocarbon 

content was recorded in T. odoratum species at week 4 

(Fig. 6c) planted in soils of the 5% of UMO contamination 

whilst the lowest was observed in C. ligularis at week 1 in 

the 1% contamination soil (Fig. 6b).

Percentage degradation of hydrocarbons in 
contaminated soil

The percentage degradation of hydrocarbons varied 

with the various treatments and plant species used as de-

picted in Fig. 7. The general degradation was slightly above 

average (i.e., 50%) as the highest recorded was 52.7% for 

T. odoratum at week 4 in the 5% UMO contaminated soils 

(Fig. 7c) whilst the lowest was 1.7% in C. ligularis planted 

in soils at 10% level of UMO contamination (Fig. 7d).

Species-specific hydrocarbon uptake

The treatment options had significant effect on the 

uptake of hydrocarbons in the various plant species. For 

M. umbellatus, F. miliacea and T. odoratum the trend of 

hydrocarbon uptake in decreasing order of magnitude 

was as follows: plant species planted in soils at 5% level 

tion recorded the least chlorophyll B values (Fig. 4). The 

leaf total chlorophyll content of B. bladhii planted in the 

control soils recorded the highest leaf total chlorophyll 

content whilst the leaf total chlorophyll content of T. odo-

ratum planted in soils at 10% level of contamination with 

UMO was the least at week 1 (Fig. 5). However, data on 

control and treated samples of each chlorophyll measure 

in the various treatment options showed that some spe-

cies planted in contaminated media recorded chlorophyll 

contents (A, B and total chlorophyll) which were signifi-

cantly (P < 0.5) higher than their corresponding species 

planted in the control soils. These species included C. 

ligularis (Figs. 3−5), F. miliacea (Figs. 3−5) and T. odora-

tum (Fig. 3).

Hydrocarbon content of the plants species in 
contaminated soil

There was a steady increase in hydrocarbon content 

of test plant species from week 1 to week 4 of the 0%, 1% 

and 5% levels (Fig. 6). For C. ligularis, there was increase 

in total hydrocarbon content only in the 1% UMO con-

taminated soils. Generally, all the test plants did not show 

appreciable increase in the levels of total hydrocarbon 

Fig. 5. Total chlorophyll content of leaf of the test plants at various levels of soil contamination with used motor oil (UMO). (a) control (0% UMO 
treatment) (b) 1% UMO treatment (c) 5 % UMO treatment (d) 10% UMO treatment. Mu, Mariscus umbellatus; Fm, Fimbistylis miliacea; To, Torulinium 
odoratum; Cl, Cyperus ligularis; Ce, Commelina erecta, Bb, Bothriochloa bladhii. Error bars represent standard errors.
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Fig. 6. Total hydrocarbon content of the test plants at various levels of soil contamination with used motor oil (UMO). (a) control (0% UMO treatment) (b) 
1% UMO treatment (c) 5 % UMO treatment (d) 10% UMO treatment. Mu, Mariscus umbellatus; Fm, Fimbistylis miliacea; To, Torulinium odoratum; Cl, Cyperus 
ligularis; Ce, Commelina erecta, Bb, Bothriochloa bladhii. Error bars represent standard errors.
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Fig. 7. Weekly mean percentage uptake of hydrocarbons by the test plants at various levels of soil contamination with used motor oil (UMO). (a) control (0% 
UMO treatment) (b) 1% UMO treatment (c) 5 % UMO treatment (d) 10% UMO treatment. Mu, Mariscus umbellatus; Fm, Fimbistylis miliacea; To, Torulinium 
odoratum; Cl, Cyperus ligularis; Ce, Commelina erecta, Bb, Bothriochloa bladhii.
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DISCUSSION

Five out of the six plants investigated in this study 

showed a great ability to survive in UMO contaminated 

soils as demonstrated by their growth monitoring data. 

The exception was C. ligularis which could not survive 

beyond seven days after transplanting in various de-

grees of the contaminated soils. The test plants showed 

reduction in dry weights when compared with the con-

trol. This observation is similar to the observations made 

by Dominguez-Rosado and Pichtel (2004), Okieimen 

and Okieimen (2005), Merkl et al. (2005) and Ogbo et al. 

(2009) who in separate studies reported reductions in dry 

weights of plant species planted in oil contaminated soils 

compared to plant species planted in uncontaminated 

soils and concluded that UMOs pose significant stress on 

the growth and development of plants. 

The data obtained showed that within a given treat-

ment level, leaf total chlorophyll as well as the chlorophyll 

A and B of the test plants were found to increase from 

week 1 to week 4. However, upon comparison of the dif-

ferent treatment levels, species response to the effect of 

the various levels of the UMO contamination in the soils 

was found to be significantly (P < 0.05) different. In a relat-

ed study by Spiares et al. (2001), differences in chlorophyll 

A, chlorophyll B and total chlorophyll content were as-

cribed to the genetic makeup of the plants. The test plants 

showed remarkable potential to break down and take up 

the UMO, as determined from the amount of hydrocar-

bons removed in relation to the amount applied to the 

soil. According to Dai et al. (2009), chlorophyll levels were 

important parameters for identifying stress in plants and 

were associated with other important variables that af-

fected plant development. Several studies have reported a 

reduction in photosynthetic pigments and chlorophyll in 

plant leaves under used motor oil-induced stress (Odjeg-

ba and Sadiq 2002, Achuba and Peretiemo-Clarke 2008, 
Adenipekun et al. 2008). Dai et al. (2009) explained that 

the reduction resulted in decreased photosynthetic activ-

ity efficiency by the inhibition of chlorophyll biosynthesis 

and a decreased carbon assimilation, which ultimately 

led to a decrease in biomass production.   

The observation made in this study that the total hy-

drocarbon content of test plants varied from species to 

species and increased throughout the study period in all 

except for one specie is consistent with the findings of 

Palmroth et al. (2002) and Ogbo et al. (2009) who, in simi-

lar but separate studies using different plant species re-

ported variations in the hydrocarbon contents of the test 

plants used. It is thus, apparent that different plant spe-

of UMO contamination > plant species planted in soils at 

10% level of UMO contamination > plant species planted 

in soils at 1% level of UMO contamination > plant species 

planted in uncontaminated soils. The mean THC (mean ± 

standard error, µg/g) of M. umbellatus species was as fol-

lows: 0.111 ± 0.001, 0.218 ± 0.001, 0.462 ± 0.001 and 0.300 

± 0.001 respectively for M. umbellatus species planted in 

soils at 0%, 1%, 5% and 10% level of UMO contamination. 

The mean THC of F. miliacea species was as follows: 0.112 

± 0.001, 0.220 ± 0.001, 0.429 ± 0.001 and 0.281 ± 0.001 re-

spectively for F. miliacea species planted in soils at 0%, 

1%, 5% and 10% level of UMO contamination. The mean 

THC of T. odoratum species was as follows: 0.114 ± 0.001, 

0.228 ± 0.001, 0.505 ± 0.001 and 0.303 ± 0.001 respective-

ly for T. odoratum species planted in soils at 0%, 1%, 5% 

and 10% level of UMO contamination. For C. erecta and 

B. bladhii, the trend of hydrocarbon uptake in decreasing 

order of magnitude was as follows: plant species planted 

in soils at 5% level of UMO contamination > plant spe-

cies planted in soils at 1% level of UMO contamination 

> plant species planted in soils at 10% level of UMO con-

tamination > plant species planted in uncontaminated 

soils. The mean THC of C. erecta species was as follows: 

0.125 ± 0.001, 0.217 ± 0.001, 0.406 ± 0.001 and 0.201 ± 0.001 

respectively for C. erecta species planted in soils at 0%, 1%, 

5% and 10% level of UMO contamination. The mean THC 

of B. bladhii species was as follows: 0.115 ± 0.001, 0.217 ± 

0.001, 0.412 ± 0.001 and 0.202 ± 0.001 respectively B. blad-

hii species planted in soils at 0%, 1%, 5% and 10% level of 

UMO contamination. For C. ligularis, the trend of hydro-

carbon uptake in a decreasing order was as follows: plant 

species planted in uncontaminated soils > plant species 

planted in soils at 1% level of UMO contamination > plant 

species planted in soils at 10% level of UMO contami-

nation > plant species planted in soils 5% level of UMO 

contamination. The mean THC of C. ligularis species was 

as follows: 0.088 ± 0.001, 0.055 ± 0.001, 0.031 ± 0.001 and 

0.035 ± 0.001 respectively for C. ligularis species planted 

in soils at 10% level of UMO contamination > plant spe-

cies planted in uncontaminated soils.

Soil to plant uptake

Species variations in soil–plant transfer (concentration 

ratios) were observed and the magnitude of uptake for the 

plant species in decreasing order was as follows: T. odora-

tum > F. miliacea > M. umbellatus > B. bladhii > C. erecta > 

C. ligularis. Thus, almost all six plant species were hyper-

accumulators except C. ligularis 
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and volatilization need to be investigated in detail. Better 

knowledge of these biochemical mechanisms may lead 

to: 1) identification of novel genes and the subsequent 

development of transgenic plants with superior remedia-

tion capacities; 2) better understanding of the ecological 

interactions involved (e.g., plant-microbe interactions); 

3) appreciation of the effect of the remediation process on 

ecological interactions; and 4) knowledge of the entry and 

movement of the organic pollutant in the ecosystem. In 

addition to being desirable from a fundamental biological 

perspective, findings will help improve risk assessment 

during the design of remediation plans, as well as allevia-

tion of risks associated with the remediation.
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