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ABSTRACT: The potentials of Parkia biglobosa (a leguminous plant species) to decontaminated crude oil-

polluted soil in terrestrial ecosystem was evaluated in this study using appropriate standard techniques to estimate 

seedling germination, height, collar diameter, number of leaves and physicochemical characteristics (organic matter, 

pH, calcium, magnesium and sodium, nitrogen, phosphorous and potassium) of soil used, were determined using 

standard protocols. Results indicated that varying concentration of crude oil influenced the variables measured. For 
0 ml, 25 ml, 50 ml, 75 ml and 100 ml crude oil treatments, Parkia biglobosa had 18%, 18%, 16%, 13% and 11% 

germination rate correspondingly; mean height of 38.70cm, 26.80cm, 21.20cm, 18.50cm and 6.80cm respectively, 

mean collar diameter of 0.32mm, 0.30mm, 0.26mm, 0.24mm and 0.22mm respectively; 2, 0, 0, 0 and 0 nodules 
count respectively, and 8.00, 6.00, 5.00, 5.00 and 2.00 leaf count respectively. All physicochemical parameters 

measured decreased in the soil in inverse proportion to crude oil concentration. So also, seedling germination, height, 

collar diameter, number of leaves and nodulation decreased in inverse proportion to crude oil concentration. Parkia 
biglobosa grew tolerably in both high and low concentrations of crude oil, which is an indication of its able to 

withstand crude oil toxicity. Parkia biglobosa as a nitrogen fixing plant would be a good candidate for the terrestrial 

restoration of crude oil contaminated regions in Nigerian. 
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Crude oil pollution is an environmental threat 

recognized globally, since the first strike of oil and the 

evolution of its applications, from heating to modern 

style of commutation. Contamination of agricultural 

soils with pollutants like heavy metals has always been 

considered a critical challenge in scientific community 

(Faruk et al., 2006). Due to the cumulative behaviour 

and toxicity, such pollutants have a potential 

hazardous effect not only on human health but also on 

crop plants (Das et al., 1997). Hence there is need for 

urgent clean-up of such polluted environment. 

Exploration of fossil fuels have been on the increasing 

trends in the world especially in major producing 

nations due to increase in demand of crude oil products 

such as gasoline, kerosene, diesel etc. Crude oil 

production in Nigeria is about 1.5 million barrels per 

day and reserve is about 37.1 billion barrel (EIA, 

2023). Crude oil spill have been reported. Oil spill 
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occur during exploration, production, refining, 

Transportation, distribution, marketing of petroleum 

products. The presence of crude oil in the environment 

has caused several adverse impacts on the 

environment (Seiyaboh and Izah, 2017; Onwuna et al., 

2022), leading to variation in microbial, 

physiochemical, heavy metal and hydrocarbon content 

of the soil which in turn may affects the biological 

components of the ecosystem including microbes, 

insects, vegetation and wildlife, which in the case of 

the Niger Delta led to a reduction the productive 

quality of the terrestrial ecosystem (UNEP, 2011). It 

also leads to habitat alteration, and death and indirect 

leading to loss of food resources (Oyedeji et al., 2012; 

Oyedeji, et al., 2015). The volatile fraction of the 

crude oil has the tendency to aerosolize be inhaled by 

humans that reside close to the vicinities of oil and gas 

operation or where crude oil or its derivatives spill. 

Crude oil also has the tendency to contaminate 

drinking water sources of humans (Aigerua et al., 

2017). Thus, the adversative effects of crude oil 

pollution can transcend all trophic levels.  These 

adverse impacts of crude oil on the environment and 

human health make environmentalists clamor for 

cleanup. They have tried several methods of 

remediation available depending on the environmental 

matrix and physical constituents of the crude oil. 

Among these are the use of surfactants, dispersant, 

microbes and plants. Phytoremediation which is the 

process of exploiting the propensity of plants to sop 

up, accrue, depollute and make pollutants nontoxic, by 

employing their root and transport systems, 

rhizosphere microbiota and biomass via a combination 

of biological, chemical or physical processes 

(Cunningham and Berti, 1993), is an asset for 

terrestrial ecosystem restoration (Bamidele and 

Agbogidi, 2006). Although petroleum hydrocarbons 

can adversely affect the growth of plants, the degree 

of harm depends of the plant species as tolerance to 

pollutant differ among plants (Hoang et al., 2021). 

Oyedeji (2016) reported the tolerance of leguminous 

crops to high concentrations of hydrocarbons and 

suggested their suitability in terrestrial ecosystem 

restoration. Information about phytoremediation 

potentials of Parkia biglobosa appears scanty in 

literature. Therefore, the aim of this study is to 

evaluate the potential of Parkia biglobosa (Jacq.) 

R.Br. ex. G. Don - a leguminous plant species 

commonly found in nigeria to decontaminate crude 

oil-polluted soil in terrestrial ecosystem. 

 

MATERIALS AND METHODS 
Study sites: The study was in the Screen House of the 

Department of Biological Sciences, Niger Delta 

University, Nigeria.  

 

Source of samples: Parkia biglobosa seeds was 

provided by the National Centre for Genetic and 

Biotechnology (NAGRAB), Ibadan, Nigeria. Crude 

oil was obtained from Oporoma Flow Station operated 

by Shell Petroleum Development Company, Nigeria.  

 

Germination test: Viable P. biglobosa seeds 

ascertained by the afloat method of Anoliefo and 

Vwioko (1995), were planted in five plant bags 

holding 3000 g of clay-loamy collected from the 

Experimental Farm of the Niger Delta University, 

Nigeria, from 0-10 cm soil depth.  

 

There were five treatments in the study, 0%, 25%, 

50%, 75% and 100% crude oil concentrations. 

Aqueous soil extract of the five treatments were 

obtained and used to imbrue the seeds in the seeds as 

described by Oyedeji and Oyedeji (2022). The test was 

set in five replicates with ten seeds per petri dish.  The 

seeds were watered daily germination rate determined 

on the 10th day using the formula 1: 

 

𝐺𝑡 =
Number of seedlings that emerged/dish 

Total number of seeds sown
∗ 100   (1) 

 

Where Gt = Germination test 

 

Growth response test: The method of Oyedeji and 

Oyedeji (2022) was adopted. Three viable seeds of P. 

biglobosa were sown in each bag and watered daily. 

Plant per bag 2 weeks after planting (WAP) was 

pruned to one. Growth parameters (height, collar 

diameter, number of leaves and nodulation) were 

measured fortnightly from 2 WAP to 16 WAP. The 

relative growth rate (RGR) was estimated from mean 

heights. The percentage growth suppression was also 

calculated (Oyedeji and Oyedeji, 2022). 

 

Soil physical properties: Soil physicochemical 

properties were determined following standard 

methods for volume of air in soil, soil water capillarity 

and porosity (Akinsanmi, 1975); moisture content 

(Osuji and Onojake (2004); soil nitrogen, calcium and 

magnesium (Anderson and Ingram, 1996); soil organic 

matter, pH and bulk density (Ibitoye, 2006), and 

phosphorous (Bray and Kurtz, 1945). 

 

RESULTS AND DISCUSSION 
The percentage germination of P. biglobosa 

contaminated with crude oil is presented in Figure 1. 

At varying concentration of 0 ml, 25 ml, 50 ml, 75 ml 

and 100 ml of crude oil on germination of P. biglobosa 

was 18% (15 COV), 18% (13 COV), 16% (11 COV), 

13% (10 COV) and 11% (10 COV) respectively. The 

findings is in congruence with the report of Adeyemi 
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and Adeyemi (2020) that seedling growth is affected 

by crude oil concentration. With a percentage 

germination rate of 11% at 100% crude oil 

concentration and 18% at 0% and 25% hydrocarbon 

concentrations, P. biglobosa could be said to tolerate 

high petroleum hydrocarbon concentration. Oyedeji 

(2016) reported the tolerance of leguminous crops to 

high concentrations of hydrocarbons and suggested 

their suitability in terrestrial ecosystem restoration. 

Germination is the most decisive phase of the life 

cycle any crop, as the crop must first sprout before it 

can build biomass and carryout other physiological 

functions. However, under environmental stress 

condition, plants germination and growth can be 

severely suppressed, such as in the presence of 

petroleum hydrocarbons (Sangeetha and Thangadurai, 

2014). Hydrocarbon can osmotic relation between 

seed (Sangeetha and Thangadurai, 2014). As per the 

reports by Bamidele and Agbogidi (2006) and Okon 

and Udofot et al. (2012), seed growth is dependent on 

seedling germination as later initiates establishment of 

the plants, and this phase is sensitive to environmental 

stresses. The toxic constituents present in crude oil can 

disrupt cellular processes, impede water absorption, 

alter nutrient availability, and induce oxidative stress, 

leading to poor germination rates and compromised 

seedling growth (Okon and Udofot, 2012; Sangeetha 

and Thangadurai, 2014; Adeyemi and Adeyemi, 

2020). Mean girths of P. biglobosa grown in crude oil-

polluted soil is presented in Table 2 below. Seedlings 

of P. biglobosa grown in the treated soil had girth 

values of 0.32±0.01mm, 0.30±0.03mm, 

0.26±0.04mm, 0.24±0.06mm and 0.22±0.06mm for 

0ml, 25 ml, 50 ml, 75ml and100 ml respectively at16 

WAP. This is consistent with the pertain of decrease 

in height with an increase in the concentrations of 

crude oil in the soil. Bioremediation Table 3 leaf 

numbers and number of nodules of P. biglobosa. P. 

biglobosa did not produce nodules both at low and 

high concentrations of crude oil. While in the control 

only 2 nodules were detected. 

 

 
Fig 1: Percentage germination of P. biglobosa 

 

Table 1 shows the mean heights of P. biglobosa grown 

in crude oil-polluted soil. Mean heights of the species 

were 1.50±0.80cm, 2.60±1.54cm, 2.95±1.68cm, 

0.00±0.00cm and 0.00±0.00cm in the 0, 25, 50, 75 and 

100 % crude oil-spiked soil respectively at 2 WAP. At 

16 WAP, the heights obtained were 38.70±2.10cm, 

26.80±1.75cm, 21.20±1.68cm, 18.50±1.64cm and 

6.80±2.40cm in 0, 25, 50, 75 and 100 % crude oil-

spiked soils respectively. This is in conformity with 

the reports by Anoliefo and Okoloko (2000) and Okon 

and Udofot (2012) where it was affirmed that presence 

of crude oil in high amounts significantly inhibited 

plant growth reduction. Osuagwu et al. (2013) crude 

oil affect photosynthetic pigments, thus impairing the 

plants’ ability to carry out photosynthesis and 

adversely affecting their growth.  

 
Table 1: Mean number of plant height of P. biglobosa 

Time 

(WAP) 

Plant height (cm)/Crude oil concentration (ml) 

0 25 50 75 100 

2 1.50±0.80 2.60±1.54 2.95±1.68 0.00±0.00 0.00±0.00 
4 3.60±1.40 5.20±1.45 6.30±1.56 0.00±0.00 0.00±0.00 

6 5.10±1.85 8.10±1.30 9.50±1.60 3.50±1.48 0.00±0.00 

8 7.20±1.72 9.15±1.50 11.57±1.56 6.80±1.57 0.50±0.00 
10 15.50±1.82 12.50±1.62 14.60±1.75 8.20±1.61 2.50±1.00 

12 18.50±1.78 16.20±1.30 18.10±1.70 10.40±1.75 3.60±1.80 

14 25.60±1.85 22.50±1.64 20.70±1.50 11.00±1.98 5.40±2.20 
16 38.70±2.10 26.80±1.75 21.20±1.68 18.50±1.64 6.80±2.40 

∑X±SD  115.70±13.32 103.05±12.10 104.92±13.03 58.40±10.03 18.80±5.40 

ΔH=HF-
HI 37.2±1.30 24.2±0.21 18.25±0.00 18.5±1.64 6.8±2.40 

RGR 0.23 0.17 0.14 0.00 0.00 

GS 0.00 0.307 0.452 0.522 0.824 

%GS 0.00 30.70 45.20 52.20 82.40 

RGR = Relative growth rate; GS = growth suppression; HI = Initial Height; HF = Final Height; ΔH = Change in height; X̅ = Mean; 

(±) = Standard deviation 
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The number of leaves in increasing order of crude oil 

concentration were 8.00, 6.00, 5.00, 5.00 and 2.00 

respectively. Nodulation is a significant adaptation for 

nitrogen fixing plants, with regards to their growth 

requirement. Absence of nodulation is a pointer to 

severe impairment of physiological and morphological 

properties of the plant. Also, a reduction in leaves as a 

result of the presence of crude oil in soil implies that 

food production of the plant would be affected 

(Osuagwu et al. (2013) which would invariably affect 

plant girth. This observation is consistent with the 

findings of Anoliefo and Okoloko (2000) with regards 

to the growth of Cucumeropsis manni, and Oyedeji 

and Oyedeji (2022) with regards to the growth of 

Albizia procera. Crude oil compromises the symbiotic 

nodulation process with nitrogen-fixing bacteria (John 

et al., 2016). Hoang et al. (2021) affirmed that the 

activities of endophytic microbial communities 

enhances the removal of hydrocarbons by plant. 

According to Ali et al. (2023) nutrient uptake by plant 

during bioremediation is enhanced by endophytic 

microbes, while the microbes reduce the toxicity of the 

pollutant to the plants. Thus, absence of nodules would 

limit the hydrocarbon removal efficiency of P. 

biglobosa. 

 
Table 2: Mean girths of P. biglobosa 

Experimental 

Time (WAP) 

Plant girth (mm)/Crude oil concentration (ml) 

0 25 50 75 100 

2 0.12±0.02 0.11±0.02 0.11±0.03 0.11±0.02 0.10±0.03 
4 0.14±0.03 0.13±0.03 0.12±0.02 0.11±0.04 0.11±0.04 

6 0.16±0.04 0.14±0.02 0.13±0.04 0.13±0.01 0.13±0.02 

8 0.18±0.01 0.16±0.04 0.14±0.05 0.14±0.02 0.13±0.06 
10 0.22±0.05 0.19±0.05 0.16±0.01 0.15±0.05 0.14±0.07 

12 0.24±0.03 0.22±0.01 0.20±0.06 0.18±0.03 0.16±0.05 

14 0.27±0.06 0.24±0.05 0.22±0.03 0.20±0.04 0.18±0.03 
16 0.32±0.01 0.30±0.03 0.26±0.04 0.24±0.06 0.22±0.06 

ΔG=GF-GI 0.20±0.01 0.19±0.01 0.15±0.01 0.13±0.04 0.12±0.03 
∑X ± SD 1.65±0.25 1.49±0.25 1.34±0.28 1.26±0.27 1.17±0.36 

 

Table 3: Mean number of leaf and nodules of P. biglobosa 

 Crude oil concentration (ml)   SD 

Parameter 0 25 50 75 100 Mean Variance  

Leaf 8.00 6.00 5.00 5.00 2.00 5.20 4.70 217 

Nodule  2.00 0.00 0.00 0.00 0.00 2.00   0.00 0.00 

 

The physiochemical characteristics of soil used to 

grow P. biglobosa after treatments, are presented in 

Table 4. The soil pH was in the range of 5.04 (at 0 ml) 

and 4.52 (100ml). Soil pH is critical for plant growth 

as well as for the survival of all soil organisms.  The 

pH was generally acidic and the acidity increased with 

the concentration of the crude oil. This agrees with the 

position of Oyedeji and Kayode (2020) that crude oil 

contamination can lead to changes in soil pH, making 

it more acidic. The organic matter concentration 

ranged 1.64% (0 ml) - 1.34% (100ml), decreasing 

inversely to the amount of crude oil present in the soil. 

Organic matter content of soils have far-reaching 

implications for soil health, such that a reduction in 

organic matter is taken as an indicator of pollution, 

especially as it implies a depletion of organism 

responsible for its formation (Osuji and Adesiyan, 

2005). The concentration of nitrogen, phosphorus and 

potassium also decreased as the concentration of the 

crude oil increased. The concentrations were in the 

range of 0.47 % (0 %) – 0.36% (100 %) (Nitrogen), 

6.51 mg/kg (0 %) – 4.82 mg/kg (100 %) 

(Phosphorous) and 3.31 mg/kg (0 %) – 2.56 mg/kg 

(100 %) (Potassium). The concentration of sodium 

were in the range of 2.31 mg/kg (0 %) – 2.58 mg/kg 

(100ml), calcium were in the range of 16.50 mg/kg (0 

%) – 12.90 mg/kg (100 %) and magnesium was in the 

range of 1.85 mg/kg (0 %) – 1.58 mg/kg (100 %). 

Oyedeji and Oyedeji (2022) similarly reported that 

crude oil-contaminated soils reduced soil pH, organic 

matter content, and cation exchange capacity. Onyeike 

et al. (2009) reported in their study of soil and water in 

Ogoni, that inorganic ion levels of soil decreased as a 

result of crude oil pollution. 

 

Table 5 shows the effect of physical properties of 

unpolluted and crude oil-polluted soil used in the 

experiment. Bulk density of 5.80, 6.40, 6.40, 6.8 and 

7.70 g/cm3 were observed in the treatments 0, 25, 50, 

75 and 100 % crude oil-polluted soil respectively. Soil 

moisture content reduced in the crude oil-polluted soil 

samples particularly in the 100 ml crude oil-

contaminated soil. Similarly, the presence of crude oil 

in the soil samples affects the soil air, 72.50, 38.60, 

30.50, 40.40 and 43.60 % were observed in 0, 25, 50 

75 and 100 ml respectively. Water holding capacity 

was also reduced in the crude oil-polluted soil. This is 

consistent with the reports by Oyedeji and Kayode 
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(2020), and Oyedeji and Oyedeji (2022), where it was 

reported that the presence of crude oil in soil affects 

the physical properties of soil, in such a way that as the 

concentration of the crude oil increased, the soil bulk 

density, moisture content, soil air, water holding 

capacity and porosity reduced in the polluted soil. 

 
Table 4: Physiochemical characteristics of crude oil-contaminated soil 

 Crude oil concentration (ml) 

Parameters 0 25 50 75 100 

pH 5.04 4.82 4.65 4.57 4.52 
Organic matter, % 1.64 1.61 1.54 1.50 1.34 

% N 0.47 0.44 0.41 0.36 0.36 

P, mg/kg 6.58 6.45 6.15 5.88 4.82 
K, mg/kg 3.31 3.25 2.80 2.36 2.56 

Na, mg/kg 2.31 2.30 2.18 2.78 2.58 

Ca, mg/kg 16.50 15.60 14.90 12.90 12.90 
Mg, mg/kg 1.85 1.75 1.65 1.58 1.58 

 
Table 5: Physical properties of unpolluted and crude oil-polluted soil 

Crude 

oil 

(ml) 

Moisture 

content 

(%) 

Bulk 

Density 

(g/cm3) 

Soil 

porosity 

(ml) 

 Soil 

air 

(%) 

Water 

Holding 

capacity 

(ml) 

0 5.8 72 72.5 58.4 86.4 5.8 
25 6.4 44.5 38.6 50 81.5 6.4 

50 6.4 40 30.5 34.5 60.4 6.4 

75 6.8 28.5 40.4 24.1 48.3 6.8 
100 7.7 18.2 43.6 13.7 32.8 7.7 

 

Conclusion: Crude oil affects soil physicochemical 

characteristics (especially nitrogen, phosphorous, 

calcium, sodium, magnesium, potassium organic 

matter) especially at very high concentrations. P. 

biglobosa tolerated crude oil with regard to 

germination, height, leaf number and nodulation, 

which decreased as the concentration of the crude 

increased. The ecological significance of P. biglobosa 

as a hydrocarbon tolerant plant has been established 

and this could guide environmental remediation 

strategies in the Niger Delta. 
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