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Abstract— This study investigated the growth and yield response of okra (Abelmoschus esculentus L. 

Moench) in bituminous soils of selected communities (Loda, Lofo and Legbogbo) in Irele, southern Ondo 

State for two consecutive growing seasons (2020 and 2021). The Legbogbo site, which of very low bitumen, 

serves as the control. The textural class is sandy loam and the soil is acidic. Some samples of soil were 

collected from three dug soil profile pit at depths 0-100 cm at an interval of 10 cm and moved to the soil 

laboratory for the analysis of the chemical  concentrations of macro and trace elements.  The highest value 

of the heavy metal was recorded at Loda. More so, the least amount of the bitumen concentration was 

recorded at Legbogbo site (control) and in some cases at Lofo site. Result from the study showed that there 

is significant difference (P < 0.05) in the values of the heavy metals among the location at all depths. The 

results from various locations also showed that the soil depth and location were significant (P < 0.05) in 

their main effects on the soil heavy metals. It was observed that the heavy metal concentration of soil was 

lower than the permissible limit, an indication that the concentration of heavy metals of the study areas may 

not have negatively influenced the growth and yield of okra. All agronomic parameters in all locations during 

the two seasons of experiment were in the way of Legbogbo>Lofo>Loda. Okra had 0 kg.ha-1 pod yield at the 

Loda site at both 2020 and 2021 growing seasons, while Legbogbo had the greatest fruit yield for both 

seasons. Okra yield prediction model was developed using the stepwise regression model and it was observed 

that Okra yield significantly correlated to potassium (r2 = 0.95) at P < 0.05 and phosphorus (r2 = 0.99) (P 

< 0.01).  
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I. INTRODUCTION 

Bitumen is a generic term used to cover a wide range of high 

molecular weight hydrocarbons (Ojovan and Lee, 2014), it 

can act as a hydrophobic water shield. Three main types of 

hydrocarbons occur in bituminous materials and they are 

asphaltenes, resins and oils (alphatic hydrocarbons), 

(Ojovan and Lee, 2005). One of the properties of bitumen 

is that, it is visco-elastic.  Bitumen is primarily composed 

of polycyclic aromatic hydrocarbons (New World 

encyclopedia, 2016). Examples of composition of Bitumen 

in terms of minerals are nickel, vanadium, lead, chromium, 

mercury etc.  

Bitumen can be described as thick, sticky, tar-like form of 

petroleum which cannot flow unless it is heated or diluted. 

At room temperature, bitumen is looks like cold molasses 

(Government of Alberta, 2008). Bitumen can be described 

as any hydrocarbon deposit that possess a gas- free viscosity 

above 10,000 centipoises (cp) measured to original 
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reservoir condition. Bitumen is around 95% hydrogen, and 

up to 5% Sulphur, 1% oxygen and 200ppm metals (Tom, 

2009). Bitumen possesses some properties like, waterproof, 

adhesive, durability and resistance to heavy loads which 

make it an ideal material that can be used in all 

environments (Muritala and Adewole, 2016). Nigeria has 

about the third largest deposits of bitumen all over the 

world. This bitumen deposits in Nigeria is mainly located 

within the southern axis of Ondo State, Nigeria, where 

inhabitants are predominantly farmers. Surface and sub-

surface intrusions of this very important economic resource 

has made it almost impossible for inhabitants to freely 

practice their farming operations due to low productivity 

and/or poor yield. 

The heavy metals that infiltrate or through seepage enters 

the ecosystem may lead to varieties of accumulation in the 

soil and plant thereby creating negative influence on plant 

growth. The accumulated toxic heavy metals in soils and 

plants brings negative influence on the activities of plants 

such as photosynthesis, gaseous exchange and nutrient 

absorption in the plants and these helps in determining the 

reductions in plant growth, accumulated dry matter and crop 

yield (Suciu et al., 2008). Bitumen deposits normally have 

negative effects on water and soil used for agricultural 

practices especially in areas that are covered with bitumen 

deposits, and the deposits will have adverse effect on 

agricultural soils in such areas. Bitumen deposits are 

generally harmful to the soil due to its toxicity (Agarry and 

Oghenejoboh, 2014). There is always occurrence of 

environmental effects that can bring threat to any area 

where there are bitumen deposits (Akinmosin et al., 2009). 

Atojunere and Ogedengbe (2019) reported that lead was 

found in leaf vegetables and some fruits samples collected 

from some markets in Lagos, Nigeria. Heavy metal gets into 

plants through adsorption which refers to binding of 

materials onto the surface or absorption which implies 

penetration of metals into the inner matrix where both 

adsorption and absorption can also take place (Lokeshwary 

and Chandrappa, 2006). Bitumen deposit in small 

concentration in a soil cannot confirm the toxicity of the 

heavy metals in the plants or animals but there are some 

heavy metals like lead, cadmium and mercury which are 

very toxic even when their concentration is low (De Vries 

et al., 2007). 

Elements which are of different forms and composition can 

be deposited in the soil in different proportions. Akintola et 

al. (2011) reported that the heavy metals in the soil are 

associated with biological and chemical properties and the 

influence by anthropogenic activities (Ubah et al., 2009). 

The degree of pollution or contamination in the soil can be 

attributed to the effect of the heavy metals embedded in 

bitumen deposit soil, the environmental impact and their 

origin (Ramirez et al., 2005, Akintola et al., 2011).  Large 

numbers of toxic heavy metals which are dangerous and 

have certain effect on man and his environment are released 

into the environment through various means (Dembitsky, 

2003).  

Okra (Abelmoschus esculentus L. moench) or Lady’s finger 

is one of the important vegetables grown throughout the 

tropics and subtropics. Okra is one of those crops that is 

largely produced and consumed in the study area due to its 

nutritional and health benefits (Habtamu et al., 2014). Okra 

when consumed is very rich in vitamins, folic acid, 

carbohydrates, phosphorus, magnesium, calcium, 

potassium and other minerals. Despite this importance, okra 

production is either rendered impossible or marginally 

possible due to various reasons, which until this present 

research cannot be confirmed. This research therefore was 

aimed at investigating the yield response of Okra to soils of 

different communities around bituminous areas of southern 

Ondo State, Nigeria. 

 

II. METHODOLOGY 

1.1 Site Description 

The research was conducted during the cropping seasons of 

2020 and 2021 in three different communities (Loda, Lofo 

and Legbogbo), all located within the bituminous areas of 

Southern Ondo State, Nigeria. The site was located within 

latitudes 60161N to 60471 N and longitudes 40 451 E to 50 101 

E, and at elevation of about 405 m above the mean sea level. 

The climate of the study site is humid subtropical, with an 

annual rainfall of about 1800 mm and the mean temperature 

is 25°C (Imoukhuede et al., 2023). The economic mainstay 

of the inhabitants of the three communities is farming and 

fishing, but the deposits of bitumen (an important economic 

resource) that was explored but not exploited has turned a 

huge disadvantage to farming and fishing operations of the 

people living in the area. More often, there are free surface 

flow of molten bitumen on soils, which eventually flow 

further to nearby streams and rivers and the impact of the 

adverse environmental impact of it had brought untold 

hardship on the human, plant, animals, water and soil of 

communities with overlay and underlay of bitumen in Irele, 

Ondo State, Nigeria (Ogedengbe and Akinbile, 2009; 

Fagbote and Olanipelun, 2010; Imoukhuede et al., 2023). 

2.2 Treatments and Experimental Design 

The experimental site consisted of three locations. The first 

experimental site was at Loda, the second site was at Lofo 

and the third site, which served as the control experiment 

was located at Legbogbo, a non-bituminous soil, all in Irele 

local government area of Ondo State, Nigeria. Land area of 

about 15 m x 15 m was cleared manually in each of the three 
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selected communities for the experiment. The cleared land 

were thereafter ploughed using Tractor (Marsey Fegusson) 

(3.82 tons) attached with a disc plough implement. The 

ploughed plots were harrowed to further pulverize the soil 

and loosen all clods before the formation of ridges using 

local technique that is widely adopted in the three selected 

communities. Okra seeds were planted in 15 rows of local 

ridges with ten stands per row (replicates) following a split 

plot design and at a spacing of 0.5 m by 0.5 m to make a 

total of 150 plants per experimental sites. The total number 

of okra stands was 450 in the three different sites 

(Legbogbo, Loda, and Lofo). This experiment was 

replicated the second year (2021) to give a clear 

confirmation how the severity/concentration of the 

concentration of heavy metal in a bituminous soil can affect 

crop yield in the study areas. 

2.3 Statistical Analysis 

Yield components of okra were subjected to statistical 

analysis such as mean and standard deviation. Analysis of 

variance (ANOVA) was conducted to determine the 

difference in means of the yield parameters at the 5% and 

1% level of significance. Linear and non-linear regression 

analysis was used to develop yield models for okra based on 

soil and crop data obtained from the field. Models 

predicting the okra yield were developed using the four 

important soil factor: organic matter content (OMC), 

percentage nitrogen (N), moisture content (MC), and three 

important crop factors: fresh pod yield (FPY), pod length 

(PL) and biomass yield (BY). Minitab uses normalization to 

enable data to conform more to ideal random or Gaussian 

distribution. 

 

III. RESULTS AND DISCUSSION 

3.1 Okra Growth Parameters on function of Weeks 

After Planting (WAP) 

The mean of the plant height, number of leaves and stem 

girth from all the treatment (locations) taken up to 10 weeks 

after planting (WAP) are presented in Figures 1 - 2. Mean 

okra height was highest (38.53 ± 11.14)) at Legbogbo and 

least (0.00 ± 0.00)) in okra planted at Loda. The relationship 

between the mean heights with respect to days after planting 

among the locations showed that there were no rapid 

increase in the mean height of the leaf during the emergence 

and there was rapid increase at about 3 WAP. At 7 Weeks 

After Panting and beyond, the plant height reduced sharply 

in okra planted at LODA until it reached the zero level. 

However, the height of the crop, number of leaves and stem 

girth in Legbogbo site increased steadily till the crop 

reached maturity, before it started to decline.  

There was pronounced variability in the plant heights 

among the locations. At 2 WAP, significant difference (P < 

0.05) in the average plant heights was recorded among the 

locations. There was also significant difference (P < 0.05) 

in plant heights at 6 and 10 WAP. The number of leaves 

increased up to 8 WAP before it started experiencing 

decline in the number of count. Similar observation was 

recorded in okra planted during the second season. The 

decrease in the number of leaves may be due to the dropping 

of the plant leaves to the ground, which characterized the 

late season (Allen et al., 1998). Similar trend was observed 

for the stem girth at both growing seasons. The increasing 

trend for the agronomic measurement in all locations and 

seasons were in the trend of LEGBOGBO > LOFO > 

LODA in most cases with respect to weeks after planting 

(WAP).  

 

a 
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Fig.1: (a) Plant height (b) Number of leaves (c) Stem girth of Okra, as influenced by bitumen content in each of the locations 

(Loda, Lofo and Legbogbo) in the first year of planting. 

 

 

b 

c 

  a 
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Fig.2: (a) Plant height (b) Number of leaves (c) Stem girth of Okra, as influenced by bitumen content in each of the locations 

(Loda, Lofo and Legbogbo) in the second year of planting. 

 

3.2 Effects of Bitumen Deposits on Growth of 

Crops  

The growth parameter of okra as affected by the bitumen 

content in soil at the different locations (Loda, Lofo and 

Legbogbo) is presented in Tables 1. The Tables showed the 

average plant heights of the three crops at different location 

with varying bitumen contents at 2, 6 and 10 weeks after 

planting (WAP). There was pronounced variability in the 

heights of the plants at the locations. At 2 WAP, significant 

difference (P < 0.05) in the average plant heights was 

recorded among the locations. There was also significant 

difference (P < 0.05) in plant heights at 6 and 10 WAP. 

Tables 4.9 and 4.10 also showed the average stem girth of 

the three crops (Maize, Groundnut and Okra) grown at 

different locations (Loda, Lofo and Legbogbo) at 2, 6 and 

10 weeks after planting. At 2, 6 and 10 WAP, there was 

significant difference (P < 0.05) in the average stem girth in 

both seasons of growth. At 2, 6 and 10 WAP, there was 

significant difference (P < 0.05) in number of leaves among 

the locations (LODA, LOFO and LEGBOGBO) where the 

crops were planted in both seasons. Highest values of plant 

height, stem girth and number of leaves was recorded in 

most cases at the Legbogbo location, which is the control 

site, while the lowest value was recorded at the LODA site, 

which is characterized by some large amount of bitumen 

contents. Despite the lowest rainfall values of 592 mm 

recorded at LEGBOGBO during the first growing season, 

highest values of growth parameters were measured. The 

LOFO site rainfall value of 618 mm with corresponding 

values of growth parameters is lower, when it is compared 

with the LEGBOGBO site. LODA site was a bit lower in 

rainfall value (616 mm) comparatively with the LOFO site 

but had the lowest plant growth parameters. The growth 

parameters obtained at the LEGBOGBO site had the highest 

value which can be explained by moisture availability to 

crop due to free percolation of water into soil. However, 

lower values of values of growth parameters recorded at the 

LOFO and LODA sites may have been caused by the 

surface seal caused by bitumen deposits, and may also be 

due to enhanced runoff of surface flow after rainfall, thus 

affecting water availability at the tap root in the soil for 

metabolism and cell division (Ndakidemi and Dakora, 

2007).  

  b 

  c 
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Table 1: Effects of Bitumen Deposits on Okra Growth Parameters of Crops (Season 1) 

Location WAP LODA LOFO LEGBOGBO 

Plant height 2 6.33b (± 1.13) 7.43a (± 0.84) 6.40b (± 0.91) 

 
6 13.50a (± 1.59) 19.60a (± 2.71) 20.67a (± 3.32) 

 
10 0.00c (± 0.00) 26.20b (± 5.39) 38.53a (± 11.14) 

     
Stem girth 2 1.09b (± 0.16) 1.40ab (± 0.43) 1.74a (± 0.55) 

 
6 2.84c (± 0.44) 4.58b (± 0.88) 5.56a (± 1.58) 

 
10 0.00c (± 0.00) 5.39b (± 1.16) 7.55a (± 2.80) 

     
Number of leaves 2 2.00b (± 0.00) 3.07a (± 0.26) 3.00a (± 0.00) 

 
6 3.47b (± 0.83) 4.40b (± 0.82) 6.07a (± 1.58) 

 
10 0.00c (± 0.00) 3.13b (± 0.52) 6.40a (± 2.95) 

Means that do not share same letter are significantly different (p = 0.05) 

 

3.3 Effects of Bitumen Deposits on the Yield of 

Crops 

The yield response of okra planted at the three sites is shown 

in Table 2. Planting the crops at the different locations had 

significant effect (p < 0.05) on the pods, length of pod, 

weight of pod and pod breadth per plants. Okra has no fruit 

yield (pod) at LODA site during the two growing seasons. 

The higher values of the yield component recorded at the 

LEGBOGBO site can be explained by the free inflow of 

water and air into soil for plant use and uptake of nutrients. 

Water that would have been available for crop use at the 

LODA and LOFO sites were intercepted by bituminous 

materials, thus disallowing percolation to the root zone. 

This affected largely moisture uptake by plant for nutrient 

translocation into shoots, which ultimately led to poor 

growth and zero yield of okra at the sites.   

The enhanced nutrient transportation at the LEGBOGBO 

site could have resulted to the significant (P < 0.05) increase 

in crop yield parameters (number of pods, length of pod, 

breadth of pod, and pod weight). The above explained the 

mechanism for the higher values of yield components at the 

LEGBOGBO, in accordance with the findings of Abd El 

Lateef et al. (2018) and Chemutai (2018). The zero (0) pod 

weight reported for the vegetable crop (Okra) at the LODA 

site can be explained by inability of the Okra crop to take 

up soil nutrient. Macro-nutrients like Nitrogen, Phosphorus 

and Potassium are essential elements and important 

determinant of the growth, yield and development of 

vegetables. Likewise, adequate supply of phosphorous early 

in plant life is important in laying down the primordial for 

plant growth (Chemutai, 2018; Chemutai et al., 2018). The 

fact that the yields from the LOFO and LEGBOGBO were 

generally much greater than from LODA on its own 

indicates that the nutrients satisfied the growth and yield 

parameters of okra. Presumably, this can be related to the 

functionality of  soil and contents of the organic matter and 

macro nutrients (Abd El Lateef et al., 2018). The presence 

of organic matter in soils is very important in the tropical 

region for sustainable yield of crops (Sangakkara, 1993). 

Organic matter improves soil tilth, infiltration rate and soil 

water holding capacity; contributes nutrient to the crop, and 

it is an important source of raw or partially decomposed 

organic matter (Bill, 2001). 

Table 4.11: Effects of Bitumen Deposits on Yield of Okra 

Location LODA LOFO LEGBOGBO 

 
 Season 1 

  
Number of pod per stand 0.00c (± 0.00) 2.27b (± 1.44) 6.07a (± 1.53) 

Weight of pod  (g) 0.00b (± 0.00) 19.80b (± 13.91) 123.20a (± 65.10) 

Length of pod (mm) 0.00c (± 0.00) 41.04b (± 16.74) 76.68a (± 11.81) 

Pod breadth (mm) 0.00c (± 0.00) 18.97b (± 6.23) 26.26a (± 3.11) 

 
Season 2 

  
Number of pod per stand 0.00b (± 0.00) 1.00b (± 0.83) 9.00a (± 3.83) 
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Weight of pod  (g) 0.00b (± 0.00) 16.40b (± 9.58) 104.40a (± 40.20) 

Length of pod (mm) 0.00b (± 0.00) 23.11b (± 10.72) 68.59a (± 12.54) 

Pod breadth (mm) 0.00c (± 0.00) 17.28b (± 3.62) 28.50a (± 5.44) 

 

Regression models between Soil Properties and Okra 

yield 

Finally, for the Okra yield prediction, the stepwise 

regression model was developed as shown in equations 4.5 

and 4.6 below. Equation 4.5 and 4.6 represent yield models 

for seasons 1 and 2, respectively. 

Yield = 3169 - 16995 K *              r2 = 95.5                                                                     

(1) 

Yield = -1978.9 + 246.08 P**         r2  = 99.9                                                                    

(2)  

Note: * significance at 0.05, ** significance at 0.01 

The result indicated that Okra yield significantly correlated 

to potassium and phosphorus (P < 0.05). The r2 values of 

0.95 and 0.99 obtained from the model indicated that about 

95.5 and 99.9 %  variability in the response could be 

explained by the model, which contained potassium and 

phosphorus as the predictors. The model validation of the 

model is presented in Figure 5, which showed a strong 

relationship between the predicted yield and measured yield 

for Okra, with r2 value equal to 0.99. 

 

 

Fig.5. Predicted versus Measured yield of okra (Abelmoschus esculentus, L. moench) 

 

IV. CONCLUSION 

The growth and yield response of okra planted in three 

different locations around the bituminous area of Irele, 

Southern Ondo State, Nigeria has been investigated in this 

research. It was observed that the LEGBOGBO site (control 

site) without bitumen deposit had the highest growth and 

yield parameters, followed by the LOFO, which had traces 

of bitumen deposits that gave rise to yield reduction of okra. 

However, the LODA site that was characterized with 

surface and underground layers of bitumen had the least 

growth parameters and okra yield. Soil amendments and 

remediation would have to be carried out to reclaim the 

usefulness of LODA soils for agricultural purposes. 

 

REFERENCES 

[1] Abd El Lateef,  E. M., Abd  El-Salam, M.  S., Elewa,  T.  A 

and Wali,  A.  M (2018).  Effect  of Organic Manures and 

Adjusted N Application on Cowpea (Vigna unguiculata L. 

Walp) Yield, Quality and Nutrient Removal in Sandy Soil. 

Middle East Journal of Applied Sciences. 8(1): 7 – 18. 

[2] Agarry S. E and Oghenejoboh, K.M  (2014). Biodegradation 

of Bitumen in Soil and its Enhancement by Inorganic 

Fertilizer and Oxygen Release Compound: Experiment 

Analysis and Kinetic Modelling. J. Microbial Biohem. 

Technol. S4:002, doi: 10.4172/1948-5948.S4-002. 

[3] Akinmosin .A, Osinowo O.O, Oladunjoye M.A (2009) 

Radiogenic Components of the Nigeria Tarsand deposits. 

Earth Sci Res J ,13(1):64–73. 

[4] Akintola, A.I, Ikhane, P. R, Amusa, N. A and Olaniyan, T. A 

(2011). Heavy metals Composition of Soils that has been 

Contaminated with Bitumen in Agbabu, Ilubirin and Mile 2 

areas of Dahomey Basin South Western Nigeria. 

International Journal of Advanced Scientific and Technical 

Research. 1, 02: 48-59. 

[5] Allen, R.G, Pereira, L. S, Raes. D and Smith, M (1998): Crop 

Evapotranspiration. Guidelines for Computing Crop Water 

y = 0.9867x + 3.2421

R² = 0.9868

-200

0

200

400

600

800

0 200 400 600 800

P
re

d
ic

te
d

 y
ie

ld
 (

K
g
/h

a
)

Measured yield (Kg/ha)

Okra yield

https://dx.doi.org/10.22161/ijeab.85.13


Imoukhuede et al.                                                International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023 

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 

https://dx.doi.org/10.22161/ijeab.85.13                                                                                                                                                 86 

Requirements.  FAO Irrigation and Drainage Paper, No. 56, 

Rome. 

[6] Atojunere E.E and Ogedengbe. K  (2019). Evaluating Water 

Quality Indicators of Some Water Sources in the Bitumen-

Rich Areas of Ondo State, Nigeria. International Journal of 

Environmental Pollution and Remediation (IJEPR), Volume 

7, Avestia Publishing, Journal ISSN: 1929-2732 DOI: 

10.11159/ijepr.2019.002. 

[7] Bill U., (2001). Manure and Soil Organic Matter. 

Pennsylvania Stat Field Crop News: 01:11 Chemutai, C., 

(2018). Effect of Fertilizer Application, Harvesting Method 

and Moisture Stress on Growth, Yield and Nutritional Quality 

of Solanum spp. and Vigna unguiculata L. Walp  (Cowpea).  

Department  of  Plant  Science  and  Crop  Protection,  Faculty  

of Agriculture University of Nairobi. (B. Sc. Thesis). 

[8] Chemutai. C, Chemining’wa. G.N and Ambuko,  J  (2018). 

Effect of Fertilizers and Harvesting Method on Yield of 

Cowpea. African Journal of Rural Development 3 (2), 779-

785. 

[9] Dembitsky V (2003). Natural Occurrence of Arseno 

Compounds in Plants, Lichens, Fungi, Algal Species, and 

Microorganisms. Plant Sci. 165: 1177-1192. 

[10] De -Vries, .W,  P.F., Romkens. A.M and Schutze. G (2007). 

Critical Soil Concentrations of Cadmium, Lead and Mercury, 

in view of Health Effect on Humans Animals. Reviews of  

Environ. Contamination and Toxicol., 191: 91-30. 

[11] Fagbote, E. O and Olanipekun, E. O (2010). Evaluation of the 

Status of Heavy Metal Pollution of Sediment of Agbabu 

Bitumen Deposit Area, Nigeria. European Journal of 

Scientific Research, ISSN:1450-216X Vol.41 No.3 (2010), 

pp.373-382. © EuroJournals Publishing, Inc. 

[12] Government of Alberta (2008). Alberta’s Oil Sands: 

Opportunity, Balance Government of Alberta. ISBN 978-0-

7785-7348-7. 

[13] Habtamu F., Ratta N., Haki G.D., Woldegiorgis A.Z, and 

Beyene F. (2014). Nutritional Quality and Health Benefits of 

Okra (Abelmoschus esculentus): A Review .J. Food Sci. 

Qual. Manag. 33: 87-96. 

[14] Imoukhuede, O.B, Fasinmirin, J.T and Olayanju, G.M  

(2023). Effect of Bitumen Deposits on the Physical Properties 

and Hydraulic Conductivity of Sandy Loam Soil in Ondo 

State, Southwest Nigeria. Achievers Journal of Scientific 

Research (AJOSR), Volume 4, Issue 2, pp 33-44. 

[15] Lokeshwary, H. and Chandrappa G.T (2006). Impact of 

heavy metal Contamination of Bellandur Lake on Soil and 

cultivated vegetation, Current Sci., 91(5): 622-627. 

[16] Muritala K.B and Adewole J.K (2016). Development of 

Nigeria’s Bitumen for National Economic Growth: 

Opportunities for Membrane Separation technology. Nigeria 

Society of Chemical Engineers (NSCHE) 46th Annual 

General Meeting, International Conference and Exhibition at 

Abuja. Vol: 46th. 

[17] Ndakidemi, P.A. and Dakora, F.D. (2007) Yield Components 

of Nodulated Cowpea (Vigna unguiculata) and Maize (Zea 

mays) Plants Grown with Exogenous Phosphorus in Different 

Cropping Systems. Australian Journal of Experimental 

Agriculture, 47, 583-589. 

[18] New World Encyclopedia (2016). Bitumen Kaufman, F(ed). 

www.newworldencyclopeida.org/entry/bitumen 

[19] Ogedengbe .K and Akinbile C.O (2009). Environmental 

Impact of Bitumen on Soil, Water and Plant in Lodasa Area, 

Ode-Irele, Ondo State, Nigeria. Journal of Science and 

Technology, Vol. 29, No. 1. 

[20] Ojovan M .I and Lee W. E (2005). An Introduction to 

Nuclear Waste Immobilisation. Science Direct. 

[21] Ojovan M.I. and Lee W.E (2014). An Introduction to Nuclear 

Waste Immobilisation (Second Edition) Finelib.com 

readings. 

[22] Ramirez. M, Serena. M, Frache .R, Correa. J (2005). Metal 

Speciation and Environmental Impact on Sandy Beaches due 

to El Salvador Copper Mine Chile Mar. Pollut. Bull., 50, 

pp. 62- 72. 

[23] Sangakkara U. R (1993). Effect of EM on Nitrogen and 

Potassium Levels in the Rhizosphere of Bush  Bean.  Third  

International  Conference  on  Kyusei  Nature  Farming  1993. 

Sanat Barbara, California, USA. PP 5-7. 

[24] Suciu, I, Cosma. C, Todica. M, Bolboaca.S D and Jantschi. L 

(2008). Analysis of Soil Heavy Metal Pollution in Central 

Transylvania, Int. J. Mol. Sci., 9: 434-453. 

[25] Tom V.M (2009). Pavement Materials: Bitumen Source: 

www.cvil.iitb.acin/tvm/1100 

_Lntse/405_InTse/plain/plain.html. Retrieved 10th May, 

2019. 

[26] Ubah.S, Uzairu. A and Okunola (2009). Content of Heavy 

Metals in Lumbricus Terrestris and Soils in Dumpsite. Int. J. 

Environs. Res. 3 (3) 353358. 

 

 

https://dx.doi.org/10.22161/ijeab.85.13
http://www.newworldencyclopeida.org/entry/bitumen
http://www.cvil.iitb.acin/tvm/1100%20_Lntse/405_InTse/plain/plain.html
http://www.cvil.iitb.acin/tvm/1100%20_Lntse/405_InTse/plain/plain.html

