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ABSTRACT 

Response of Telfairia occidentalis Hook to diesel oil contaminated soil amended with compost of 

Centrosema pubecens was examined. Pollution treatment was obtained by mixing 2kg of sandy-loam soil 

with 100ml of diesel oil alongside a control treatment-0ml (unpolluted soil). For remediation treatment, 

leaves segments of C. pubescens were added at the rate of 0.5, 1.0, 1.5, and 2.0 kg to 100ml level of diesel 

oil contaminated soil. Three (3) seeds of T. occidentalis were maintained in perforated polytene bags based 

on treatment. The phosphorus and nitrogen contents of pollution treatment were significantly (P < 0.05) 

reduced relative to the control treatment. Similarly, in pollution treatment, the plant height, root length, leaf 

number and shoot/ root ratio were comparatively lower than that of the control treatment. The application 

of compost of C. pubescens significantly (P <0.05) improved the soil chemical properties as well as the crop 

growth parameters. However, values recorded were comparatively lower than that of the control treatment. 

Therefore, compost of C. pubescens is an economical and eco-friendly approach for remediation of diesel 

oil contaminated sites.  

 

Keywords: Growth indices, Telfairia occidentalis, diesel oil, contaminated Soil, amerioration,  

Centrosema pubecens, 
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1. INTRODUCTION: 

The introduction of a wide variety of toxic chemicals into the environment has generated growing public 

concerns (Ogbo, 2009). Petroleum hydrocarbon is one of such toxic organic chemicals which enter the 

environment frequently and in large volumes through numerous routes (Inoni et al., 2006; Etukudo et al., 

2015). It is important to note that some of these contaminated sites are agricultural lands under cultivation 

(Pezeshski et al., 2000; Etukudo et al., 2010). The adverse effects of petroleum oil pollution on the 

environment are enormous such as damage to the soil microorganisms and plants together with increase in 

soil organic carbon, and reduction in soil nitrates and phosphorus, thus imposing a condition that impairs oil 

degradation in the soil (Okolo et al., 2005; Adedokun and Ataga, 2007). Hitherto, the Nigerian petroleum oil 

exploration and production activities have generated an ever increasing problem of environmental pollution, 

most especially in the Niger delta region where there is an unsustainable oil exploration (Adedokun and 

Ataga, 2007, Udo et al., 2013). The use of organic manure such as decomposed Centrosema pubescens is 

one of the economical and environmental friendly approaches of remediation of deleterious effects of oil 

contamination due to its nitrogen fixing ability and other nutrients potential (Belay et al., 2001; Teitzel et 

al., 1991). In addition, organic manure provides the limiting resources such as oxygen, nutrients, and 

moisture that can stimulate the activities of oil- degrading microorganisms as well as improves soil structure, 

water infiltration and percolation (Awodun et al., 2007; Etukudo et al., 2016). 

Centrosema pubescens Benth belongs to the family Fabaceae and is an herbaceous, climbing, perennial herb 

with a strong tendency to root at nodes of trailing stems (Fantz, 1996). It is used as grazed pastures in 

mixture with a grass legume, and as soil cover or grown as green manure in some parts of the tropics 

(Teitzel et al., 1991). In addition, it is an efficient fixer of nitrogen, with concentrations generally ranging 

from 2.4 – 2.7% (Fantz, 1996; Teitzel et al., 1991). 

 The test crop, Telfairia occidentalis Hook (Fluted pumpkin) belongs to the family Curcubitaceae (Grubben 

and Denton, 2004). The leaves and immature seeds of Telfairia are consumed as vegetable due to their 

nutritive values, while the rind and pulp of the fruits are used as fodder for livestock (Oderinde et al., 1990; 

Schippers, 2002). Although, various forms of organic manure have been utilized in remediation of 

petroleum oil contaminated sites, this study is aimed at investigating the specific growth and developmental 

response of T. occidentalis in diesel oil contaminated soil ameliorated with compost of C. pubescens.   

 

2. MATERIALS AND METHODS  

2.1 Pollution Experiment: The physico-chemical properties of sandy- loam soil obtained from Federal 

University Otuoke, Bayelsa State, Nigeria were determined using standard procedures (A.O.A.C, 1999). 

Pollution treatment was obtained by mixing thoroughly two kilograms (2kg) of sandy-loam soil with 100ml 

of diesel oil, alongside a control treatment- 0ml (unpolluted soil). This was allowed to condition for six (6) 

weeks. 

 

2.2 Remediation Treatment: Leaves of Centosema pubescens were collected from Otuoke secondary 

forest, Bayelsa State, Nigeria. Compost was prepared by mixing sectioned leaves samples of C. pubescens 

with 2kg of sandy-loam soil and 100ml of diesel oil. This was stacked into a heap, and left to condition for 6 

weeks, with regular turnings every 2 days. The sectioned leaves samples of C. pubescens were added at the 

rate of 0.5, 1.0, 1.5 and 2.0 kg to 100ml level of diesel oil contaminated soil.  

 

2.3 Germination Studies: The soil sample of each treatment (control, pollution, and remediation) after 

conditioning was placed in perforated polythene bag (18 x 36cm). Mature seeds of Telfairia occidentalis 

were sterilized with 0.01% mercuric chloride solution for 30 seconds, washed several times with distilled 
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water and air dried. Five (5) seeds of T. occidentalis were sown in each polythene bag based on treatment. 

The following treatments were used; 0-control (soil only), pollution treatment- soil + 100ml diesel oil, and 

remediation treatment- 0.5kg C. pubescens + 100ml diesel oil + soil, 1.0kg C. pubescens + 100ml diesel oil 

+ soil, 1.5kg C. pubescens + 100ml diesel oil + soil, and 2.0kg C. pubescens + 100ml diesel oil + soil. Three 

(3) seedlings per bag were maintained in each treatment. Each treatment was replicated five times using 

randomized complete block design, and maintained at a mean minimum temperature and mean maximum 

temperature of 22.34
o
C and 34.20

o
C, respectively, under natural light condition for eight (8) weeks. 

 

2.4 Analysis of Soil Samples: Soil samples (0-15cm depth) were collected from the study site, Federal 

University Otuoke, Bayelsa state, Nigeria. Standard procedures (A.O.A.C, 1999) were used to analyse the 

soil chemical properties. 

 

2.5 Growth Studies: Growth parameters (plant height, root length, leaf number and shoot/root ratio) were 

measured at the end of the experiment. 

 

2.6 Statistical Analysis: Standard errors of the mean values were calculated for the separate readings and 

data were subjected to analysis of variance (ANOVA) (P < 0.05) to compare the means using the method of 

Ogbeibu (2005) and Obi (2002). 

 

3. RESULTS: 

The pH of the experimental soil before harvest increased with increase in the rate of application of 

Centrosema pubescens (CP) from 5.30 at 0.5kg CP to 5.70 at 2.0kg CP relative to the value of 5.20 and 5.40 

recorded at the control-0ml and diesel oil contaminated soil, respectively (Table 1). The phosphorus content 

of the experimental soil ranged from 8.00, 0.22, 0.40, 1.37, 2.59 to 2.64 mg/100g for garden soil (control), 

pollution treatment, 0.5, 1.0, 1.5 and 2.0kg level of C. pubescens amended soil, respectively (Table 1). The 

nitrogen content was comparatively lower in pollution treatment (0.34%) than the control (2.02%), while the 

nitrogen content in the amended soil significantly (P < 0.05) increased with increase in levels of organic 

supplement with values ranging from 0.47, 0.56, 0.96 to 1.08 for 0.5, 1.0, 1.5 and 2.0kg level of C. 

pubescens amended soil, respectively (Table 1). Other soil parameters examined such as organic carbon, 

calcium, magnesium, sodium, and potassium were relatively higher in pollution treatment than that of the 

control (unpolluted soil) (Table 1). 

In table 2, the plant height of the crop significantly (P < 0.05) increased with increase in the level of C. 

pubescens with values comparatively lower than those of the control. The values for root length of the crop 

ranged from 18.59, 9.20, 12.36, 14.20, 14.10 to 14.20cm for control, pollution treatment, 0.5, 1.0, 1.5 and 

2.0kg level of C. pubescens amended soil, respectively (Table 2). Similarly, the values for leaf number of 

the crop increased with increase in the level of C. pubescens with values relatively lower than those of the 

control (Table 2). The values of 2.71, 1.46, 3.09, 2.77, 3.01 and 3.11 were recorded for shoot/root ratio for 

garden soil (control), pollution treatment, 0.5, 1.0, 1.5 and 2.0kg level of C. pubescens amended soil, 

respectively (Table 2). 

Table 3 shows the chemical properties of experimental soil after harvest. There were marked variations in 

soil chemical properties of the experimental soil before and after harvest. Values recorded for available 

phosphorus, total nitrogen, organic carbon, calcium, magnesium, sodium and potassium in the experimental 

soil after harvest were comparatively lower than those of the experimental soil before harvest (Table 3). 
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Table 1: Chemical Properties of Experimental Soil Before Harvest 

 

Properties Garden soil 

(control-0) 

Pollution 

treatment 

Remediation treatment- Levels of Centrosema pubescens 

- CP(kg)  

0.5 1.0 1.5 2.0 

pH 5.20 ± 0.44 5.40 ± 0.24 5.30 ± 0.10 5.45 ± 0.17 5.60 ±0.22 5.70 ± 0.33 

Available P 

(mg/100g) 

8.20 ± 0.30 0.22 ± 0.04 0.46 ± 0.02 1.37 ± 0.30 2.59 ± 0.52 2.64 ± 0.67 

Total N (%) 2.02 ± 0.53 0.34 ± 0.02 0.47 ± 0.07 0.56 ± 0.06 0.96 ± 0.02 1.08 ± 0.26 

Organic 

carbon (%) 

2.24 ± 0.63 3.07 ± 0.30 3.21 ± 0.85 3.52 ± 0.45 3.72 ± 0.39 4.10 ± 0.44 

Ca (mg/100g)  2.50 ± 0.47 2.72 ± 0.16 2.82 ± 0.68 2.90 ± 0.32 3.21 ± 0.15 3.28 ± 0.49 

Mg 

(mg/100g) 

1.97 ± 0.40 3.51 ± 0.20 2.02 ± 0.23 2.17 ± 0.70 2.29 ± 0.27 2.47 ± 0.13 

Na (mg/100g) 3.04 ± 0.19 9.27 ± 0.42 2.43 ± 0.90 2.96 ± 0.52 3.07 ± 0.76 3.28 ± 0.33 

K (mg/100g) 1.21 ± 0.30 1.40 ± 0.22 1.27 ± 0.48 1.32 ± 0.19 1.54 ± 0.43 1.67 ± 0.82 

Mean 3.30 3.24 2,25 2.53 2.87 3.03 

LSD 

(P < 0.05) 

1.22 1.13 1.04 1.20 1.17 1.09 

Mean ± standard error from five replicates 

 

 

Table 2: Growth Parameters of Telfairia occidentalis Hook Grown In Diesel Oil Contaminated Soil 

Amended with Compost of Centrosema pubescens –(CP). 

 

Properties Garden soil 

(control-0) 

Pollution 

treatment 

Remediation treatment- Levels of Centrosema pubescens 

CP (kg)  

0.5 1.0 1.5 2.0 

Plant height 

(cm) 

50.30 ± 0.90 13.42 ± 0.22 38.20 ± 0.74 39.32 ± 0.27 42.40 ± 0.50 44.21 ± 0.65 

Root length 

(cm) 

18.59 ± 0.54 9.20 ± 0.43 12.36 ± 0.27 14.20 ± 0.18 14.10 ± 0.25 14.20 ± 0.43 

Leaf number 16.33 ± 0.26 5.37 ± 0.52 12.33 ± 0.13 13.00 ± 0.20 13.67 ± 0.49 14.00 ± 0.26 

Shoot/Root 

ratio 

2.71 ± 0.40 1.46 ± 0.12 3.09 ± 0.21 2.77 ± 0.32 3.01 ± 0.54 3.11 ± 0.44 

Mean 21.98 7.36 16.50 17.32 18.30 18.88 

LSD 

(P < 0.05) 

1.09 1.64 1.32 1.08 1.40 1.30 

Mean ± standard error from five replicates 
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Table 3: Chemical Properties of Experimental Soil After Harvest 

Properties Garden soil 

(control-0) 

Pollution 

treatment 

Remediation treatment- Levels of Centrosema pubescens-

CP (kg)  

0.5 1.0 1.5 2.0 

pH 5.10 ± 0.17 4.20 ± 0.22 5.50 ± 0.35 5.60 ± 0.43 5.70 ±0.79 5.70 ± 0.64 

Available P 

(mg/100g) 

3.02 ± 0.44 0.09 ± 0.03 0.24 ± 0.02 0.32 ± 0.04 0.43 ± 0.02 0.50 ± 0.06 

Total N (%) 0.32 ± 0.08 0.07 ± 0.03 0.08 ± 0.03 0.10 ± 0.07 0.12 ± 0.04 0.17 ± 0.05 

Organic 

carbon (%) 

0.26 ± 0.04 8.24 ± 0.37 3.42 ± 0.52 3.74 ± 0.22 3.86 ± 0.29 4.37 ± 0.23 

Ca 

(mg/100g)  

0.29 ± 0.02 1.60 ± 0.28 1.33 ± 0.64 1.40 ± 0.68 1.52 ± 0.50 1.77 ± 0.36 

Mg 

(mg/100g) 

0.93 ± 0.08 1.80 ± 0.36 0.82 ± 0.56 0.97 ± 0.35 1.06 ± 0.44 1.07 ± 0.65 

Na 

(mg/100g) 

1.72 ± 0.50 3.50 ± 0.72 1.60 ± 0.16 1.82 ± 0.17 1.97 ± 0.10 2.04 ± 0.21 

K 

(mg/100g) 

0.17 ± 0.05 0.96 ± 0.10 0.21 ± 0.04 0.27 ± 0.02 0.32 ± 0.04 0.58 ± 0.10 

Mean 1.48 2.56 1.65 1.78 1.87 2.03 

LSD 

(P < 0.05) 

1.04 1.26 1.13 1.34 1.45 1.23 

Mean ± standard error from five replicates 

 

 

4. DISCUSSION: 

In this study, the soil chemical properties were adversely affected. Petroleum hydrocarbons have been 

reported to affect soil ecosystems severely, such that significant losses to soil quality become evident (Udoh 

et al., 2005). In addition, negative impact of petroleum oil contamination results from their toxicity to 

biological processes catalyzed by soil microorganisms, such that organic matter mineralization is inhibited 

(Okolo et al., 2005; Offor and Akonye, 2006). Crude oil contamination of land has also been shown to affect 

certain soil parameters such as the mineral and organic matter content, cation exchange capacity, redox 

potential and pH value (Udo et al., 2013). 

The poor growth performance of the test crop in diesel oil contaminated soil may be attributed to distortion 

of the soil-plant-water relationship resulting from poor soil conditions of the diesel oil contaminated 

treatment. This result is in line with the work of Chen et al. (1995), and Adedokun and Ataga (2007) that 

partial coating of soil surfaces by hydrocarbons reduces the water holding capacity of the soil as well as 

oxygen and water permeability through the soil. Petroleum oil contamination has been reported to cause 

reduction in plant growth, photosynthetic rate, plant height, density, and above ground biomass of some 

plants and may even result in death of the whole plant (Al-Azab et al., 2005; Odokuma and Ibor, 2002). 

Poor growth of plants in petroleum oil contaminated soil may results from imbalance in carbon/nitrogen 

ratio, thus leading to nitrogen deficiency in oil-soaked soil. Again, the anaerobic soil condition created by 

the petroleum contamination make essential nutrients like nitrogen and oxygen unavailable (Anoliofo, 2006; 

Udoh et al., 2005). 
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In this study, the test crop growth parameters such as shoot length, root length and leaf number were 

enhanced in diesel oil contaminated soil supplemented with compost of Centrosema pubescens. This growth 

enhancement may be due to the roles of organic manure in providing the limiting resources such as oxygen, 

nutrients and moisture required by hydrocarbonoclastic degraders (Belay et al., 2001; Okolo, 2005). In 

addition, organic manure improves the soil structure , aeration and water infiltration, thus, reversing the 

anaerobic and hydrostatic conditions of the petroleum oil contaminated soil for enhanced growth of crop 

(Moeller et al., 2008; Odokuma and Ibor, 2002; Etukudo et al., 2015). 

 

5. CONCLUSION: 

This study suggests that compost generated from Centrosema pubescens has the potential of remediating the 

adverse effects of diesel oil contamination by improving the soil physical and chemical properties as well as 

supplying the readily available nutrients for growth and development of Telfairia occidentalis. 
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