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Abstract

Purpose This study sought to investigate the effects of organic amendments on the degradation of hydrocarbons and vegeta-

tive properties of Zea mays grown in crude oil-contaminated wetland soils of the Niger Delta, Nigeria.

Methods Two soil types were investigated, namely, fadama soil (oxisol) and swamp forest soil (utisol). For each soil type, 

48 treatment cells and 1 control containing 1 kg of soil each were spiked with crude oil at concentrations ranging from 50 

to 200 g kg−1, representing 5–20% (m/m) contamination levels, respectively. Then, 5 days after the contamination, the soils 

were amended with cow dung (CD), poultry waste (PW), and palm oil waste (POW). The ratios of soil to organic amend-

ments used were 1:1 and 2:1. The soils were tilled and irrigated regularly, and monitored for a total period of 112 days. The 

same conditions were used to investigate the vegetative properties of Z. mays in these oil-contaminated soils with organic 

amendments.

Results The total organic carbon (TOC) and pH increased significantly within the first 2 weeks after crude oil contamina-

tion; thereafter, the pH of the soil decreased significantly over incubation time, while there was steady increase in TOC with 

incubation time. The percentage nitrogen and total petroleum hydrocarbons (TPH) decreased significantly. The utisol soil 

showed better plant performance, despite the lower hydrocarbon degradation rate.

Conclusion The organic amendments showed a TPH degradation trend that followed the order: PW > CD > POW. They also 

improved the seed emergence of Zea mays.
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Introduction

Soil contamination by petroleum hydrocarbons is a wide-

spread global environmental issue because of the heavy 

reliance on petroleum as a foremost source of energy. The 

discharge of hydrocarbons into the environment by accident 

or through anthropogenic activities is a major source of 

environmental pollution (Holliger et al. 1997). These hydro-

carbon pollutants usually distort the natural equilibrium 

between living species and their natural environment. Con-

tamination by hydrocarbons in the environment is a cause of 

concern, because a number of these hydrocarbons are known 

to be carcinogenic, mutagenic, neurotoxic and can disrupt 

immune and endocrine systems (Das and Chandran 2011; 

Iwegbue et al. 2017, 2019).

The Niger Delta of Nigeria is a densely populated petro-

leum-rich area. This fragile ecosystem has been severely 

impacted by the effects of oil. The degradation of Niger 

Delta soils is related to oil spills in the region, of which 

there have been many thousands of incidents. The soil flora 

and fauna in this area are under serious threat because of the 

deleterious effects of crude oil. Oil spills occur mainly as 

a result of equipment failure, corrosion and vandalization. 
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Crude oil spills adversely affect soil function and service by 

alteration of the natural equilibrium that exists between the 

physical, chemical and biological characteristics of the soil. 

These alterations have serious consequences on soil fertility, 

plant communities and entire ecosystems (Etuk et al. 2013). 

The effects of crude oil on soil properties and plants are 

influenced by its concentration in the soil. Crude oil pollu-

tion can negatively affect the soil pH structure, bulk density, 

porosity, aeration, and nutrient availability and uptake by 

plants (Ekundayo et al. 2001; Uquetan et al. 2017). Crude 

oil contamination increases the organic matter content and 

electrical conductivity of soil but decreases the available 

nitrogen, phosphorus and exchangeable acidity. A number 

of studies have shown that concentrations above 3% of crude 

oil in soil can cause adverse changes in soil properties and 

plant growth (Ekundayo et al. 1989; Chukwu and Udoh 

2014). Crude oil in soil can adversely affect germination, 

plant height and biomass content of the plant (Ogboghodo 

et al. 2004).

Soils impacted with crude oil require restoration to their 

natural state so that they can support plant growth and other 

ecosystem services. The use of microorganisms, such as 

bacteria and fungi, in the degradation of petroleum hydro-

carbons in the environment has been established (Ogbonna 

et al. 2012). A number of soil amendment methods have 

been applied as bioremediation strategies to facilitate eco-

system restoration processes. One promising method is the 

use of chemical fertilizers to boost the soil nutrients, espe-

cially nitrogen and phosphorus, to improve the microbial 

population during biodegradation of crude oil in contami-

nated soil (Ayotamuno et al. 2006). This method shares the 

advantages of being economical, efficient, versatile and envi-

ronmentally friendly (Margesin and Schinner 2001; Yakubu 

2007), but cannot improve the soil structure, textural char-

acteristics, water holding capacity and organic matter con-

tent. Hence, amendment of crude oil-contaminated sites with 

organic waste is an efficient, cost-effective method of soil 

restoration since alongside improving the soil structure and 

other soil physicochemical properties, it also solves solid 

waste management problems.

From the aforementioned, it is clear that it is imperative 

to undertake amendment studies of oil-contaminated sites 

to determine which organic wastes can restore soil function 

and degrade the hydrocarbons present. It is also important 

to determine the crop-bearing ability of these amended soils. 

With this in mind, the objectives of this study were to deter-

mine (1) the effects of organic amendments, namely, cow 

dung, and poultry and palm oil wastes, on the degradation 

of petroleum hydrocarbons in selected soil types of the Niger 

Delta contaminated with crude oil, and (2) the effects of 

the organic amendments on the vegetative properties of Zea 

mays grown in crude oil-contaminated soil. The informa-

tion obtained from this study will be useful for developing 

effective soil restoration strategies and for the management 

of crude oil-contaminated sites.

Materials and methods

Sample collection

Three hundred kilograms each of two different prominent 

soil types: oxisols (fadama) and utisols (swamp forest 

soils), with no recorded incidents of previous crude oil 

contamination in the Niger Delta were collected from a 

depth of 0–20 cm. The freshwater forest swamp soil was 

collected in the Emu-Uno area of Ndokwa West Local 

Government Area of Delta State with coordinates of N 

04° 38′ 14.5″ E 06° 12′ 10.20″ and the fadama soil was 

collected at Aghalokpe in Okpe Local Government Area 

of Delta State with coordinates N 04° 59′ 41.05″ E 06° 

06′ 09.05″ (Fig. 1). The three different types of organic 

amendments, namely, cow dung was collected from the 

abattoir at Agbor, and poultry waste and palm oil waste 

were collected from a poultry farm and a palm oil process-

ing mill in Obiaruku.

Soil treatment and bioremediation setup

The fadama and forest swamp soils were first sieved 

through a 2 mm mesh and then were air dried and pulver-

ized. The experimental design was a complete randomized 

block with 48 treatment cells (2 soil types × 4 oil-contami-

nation levels × 2 soil: organic waste amendment ratios × 3 

amendments) (Iwegbue et al. 2006, 2011, 2017), with 1 

replicate of each and 2 controls, i.e. a total of 98 treatment 

cells. The experiment was carried out for a total period of 

16 weeks (112 days). The soils were contaminated with 

Bonny light crude oil which was obtained from Total E&P 

Nigeria Ltd. Different concentrations of the crude oil were 

added to the soil samples to represent minor, medium and 

major spill scenarios. The contamination ratios were 50, 

100, 150 and 200 g kg−1 representing 5, 10, 15 and 20% 

contamination loads, respectively. Once the oil was added 

to the soil, the samples were thoroughly mixed, and left 

untouched for 48 h to reduce the amount of toxic compo-

nents in the oil through volatilization. The contaminated 

soils (1 kg) were placed in perforated plastic bags and 

amended 5 days after the contamination with each of cow 

dung (CD), poultry waste (PW) and palm oil waste (POW) 

in a ratio of 1:1 and 2:1 (soil: organic materials). Each pot 

was properly mixed to ensure homogeneity and samples 

were taken for analysis at day 0, 7, 14, 21, 28, 42, 56, 

84 and 112. The moisture content of the organic waste-

amended crude oil-contaminated soil was maintained at 
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60% water-holding capacity and the samples were incu-

bated at room temperature (28 ± 2 °C). The treatment cells 

that contained only crude oil-contaminated soil at 5%, 

10%, 15% and 20% were used as a control. The organic 

waste-amended crude oil-contaminated soils were tilled 

twice a week to allow proper aeration and the moisture 

content was maintained at 60% water-holding capacity by 

irrigating with sterile distilled water.

Chemical analysis of soil and organic wastes

The two soil types and the three organic wastes used as soil 

amended materials were analysed for total nitrogen by the 

Kjeldahl method, while the Walkey and Black method was 

used for the determination of their total organic carbon con-

tent. The pH of the soils and organic amendment materials 

was measured in a 1:2.5 (m/v) soil: distilled water suspen-

sion after 30 min of equilibration with a pH meter (HANNA 

HI 8424). All analyses were carried out in triplicate with 

a precision of 5–9% relative standard deviation. The total 

petroleum hydrocarbon (TPH) content of the soil samples 

was determined by the method of the Intergovernmental 

Oceanographic Commission (IOC) as described by Onianwa 

and Essien (1999). A mass of 100 g of each of the soil sam-

ples was refluxed with 100 ml of methanol containing 3.0 g 

of KOH for 2.5 h. The refluxed mixture was filtered; the 

filtrate was then extracted with two 25 ml portions of high 

purity hexane and evaporated to approximately 1.0 ml. The 

extract was subjected to purification by solid phase extrac-

tion on a silica gel column using n-hexane as the eluting 

solvent. The eluate was subsequently evaporated to dryness 

under a gentle stream of pure nitrogen gas, and the residue 

was subsequently weighed. A recovery test procedure was 

carried out by spiking five previously analysed soil samples 

with various amounts of hydrocarbon oil and then following 

all the analysis steps. The average spike recoveries ranged 

between 85 and 94.8%.

Determination of the effects of organic 
amendments on the vegetative properties of Zea 
mays grown on crude oil‑contaminated fadama 
and swamp forest soils

The pot experiment was set up under greenhouse conditions 

and a total of 200 plastic containers measuring 30 × 30 cm 

were used for the study. The plastic containers were perfo-

rated at the sides and bottom. Each of the containers was 

loaded with 1 kg of soil that had a crude oil contamination 

ratio of 50 g kg−1, 100 g kg−1, 150 g kg−1 and 200 g kg−1 

(crude oil/soil) to give 5, 10, 15 and 20% contamination 

loads, respectively. The soils were thoroughly mixed with 

crude oil and allowed to stand for 48 h. After 5 days, the 

crude oil-contaminated soils were amended with the organic 

waste materials, namely, cow dung, poultry waste and palm 

oil waste, in ratios of 1:1 and 2:1 (soil: organic material). 

The moisture content of the organic waste-amended-con-

taminated soils was maintained at 60% water-hold capacity 

and the samples were incubated at room temperature. The 

organic waste-amended-contaminated soils were watered 

constantly and allowed to stand for 7 days before plant-

ing. Five viable maize seeds were planted in each pot and 

thinned to three seedlings per pot 2 weeks after planting. The 

set-up was irrigated regularly throughout the period of the 

experiment. The experiment was organized in a completely 

randomized design with four treatments; each replicated 

Fig. 1  Map indicating the two 

soil collection points
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three times (Ekundayo et al. 2001). The parameters studied 

include seed emergence, survival rate, number of leaves and 

plant height. Seed emergence was measured as the percent-

age of the ratio of the seedlings at 7 days after planting to the 

actual number of seeds planted per pot, the survival rate and 

number of leaves (5 weeks after planting) was determined 

by counting. Plant heights were measured weekly with a 

meter measuring tape for 5 weeks after planting (Ogboghodo 

et al. 2004).

Results and discussion

Physicochemical properties of soils and organic 
wastes

The pH, organic carbon content, total nitrogen and other 

physicochemical characteristics of the two soil types used 

for the experiment varied significantly and corresponded 

to typical soil series of the Niger Delta as can be seen in 

Table 1.

The pH of the two soil types was 7.16 for the oxisols 

(fadama soil) and 6.31 for the utisols (swamp forest soil). 

These pH values were in the acid to near-neutral range, 

which is a typical characteristic of soils of the Niger Delta 

(Iwegbue et al. 2012; Iwegbue 2014). The percentages of 

total nitrogen (TN) in the soils were generally low, while the 

TOC contents of the soils were close to the range for Niger 

Delta soils (Tanee and Albert 2011). The swamp forest soil 

had a higher TOC content than the fadama soil (Table 1).

The pH of the three organic wastes was in the alka-

line range except for the palm oil waste (POW) (Table 1). 

Although the pH values of the organic amendment materi-

als used in this study were higher than the reported values 

for goat droppings and poultry waste (Onuoha et al. 2014) 

the pH of the wastes used can promote the growth of bac-

teria, which thrive in near-neutral to alkaline soil (Onuoha 

et al. 2014). The total nitrogen content of the organic wastes 

used for the organic amendment ranged from 1.40 to 2.24% 

(Table 1).

Effects of organic amendments on the pH of crude 
oil‑contaminated fadama and swamp forest soils

The effects of various treatment conditions, for example, 

fadama soil + cow dung, swamp forest soil + cow dung, and 

control (without cow dung), on the pH of the contaminated 

soils was monitored for a period of 42 days. In general, for 

the cow dung amendment, the fadama soil showed a slight 

increase in soil acidity but did not exceed a pH value of 7 

(Fig. 2a), while the swamp forest soil showed a decrease in 

pH with respect to time (Fig. 2b).

The swamp forest and fadama soils treated with poul-

try waste showed a slight increase in pH over time, while 

both soils showed a slight decrease in pH over time when 

amended with palm oil waste. Overall, the treatment with 

cow dung induced higher mean pH values with swamp forest 

soil than with fadama soil and the control. However, treat-

ment with poultry and palm oil wastes exhibited higher mean 

pH values with fadama soil than with swamp forest soil and 

the control. The initial increase in pH observed in this study 

after soil contamination agrees with previously reported 

findings that the acidity of the soil increases with increased 

crude oil pollution (Osuji and Adesiyan 2005; Obasi et al. 

2013). The pH of the soil has a significant influence on soil 

flora and fauna, as well as the availability of soil nutrients 

necessary for plant growth and maintenance of plant metab-

olism. The increase in the pH of crude oil-polluted fadama 

soil amended with poultry waste also agrees with the report 

Table 1  Physicochemical characteristics of the soil samples and organic amendments

Fadama is a Hausa term. It is a form of farming that explores planting of irrigated crops along riverbeds. In Nigeria, fadama soils are those 

located in fadama designated areas along the floodplains of the rivers Niger, Benue, Sokoto Rima, and Yobe

N/A Not applicable, USDA United States Department of Agriculture

Parameters Fadama (FAD) soil Swamp forest 

(FOR) soil

Cow dung (CD) Poultry waste 

(PW)

Palm Oil 

waste 

(POW)

pH 7.16 6.31 12.59 9.54 6.97

Total nitrogen (TN, %) 0.06 0.13 1.70 2.24 1.40

Total organic carbon (TOC, %) 1.73 5.24 49.17 45.23 39.30

Carbon–nitrogen ratio (C/N) 28.83 40.31 28.92 20.19 28.07

Sand (%) 87.47 49.85 N/A N/A N/A

Clay (%) 9.23 38.15 N/A N/A N/A

Silt (%) 3.30 12.00 N/A N/A N/A

USDA soil textural classification Loamy-sand Sandy-clay N/A N/A N/A

USDA soil order Oxisols Ultisols N/A N/A N/A
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Fig. 2  a Effects of cow dung (CD), poultry waste (PW) and palm oil 

waste (POW) on pH of treated A fadama soil, B forest swamp soil. a 

1:1 and b 2:1 soil to organic amendment ratio at 5% oil contamina-

tion, c 1:1 and d 2:1 soil to organic amendment ratio at 10% oil con-

tamination, e 1:1 and f 2:1 soil to organic amendment ratio at 15% oil 

contamination, and g 1:1 and h 2:1 soil to organic amendment ratio at 

20% oil contamination
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of Onuh et al. (2008). The observed increase in pH in soils 

amended with poultry waste, although only small and within 

the neutral-to-slightly alkaline range, is favourable since this 

pH range is known to favour rapid carbon mineralization and 

organic matter breakdown (Obasi et al. 2013).

Fig. 2  (continued)
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Effects of organic amendments on TOC 
content and nitrogen mineralization of crude 
oil‑contaminated fadama and swamp forest soils

The swamp forest and fadama soils amended with cow dung 

showed a higher increase in TOC content than the same soil 

treated with palm oil and poultry waste. The increase in the 

percentage of TOC over incubation time may have resulted 

from microbial mineralization of the crude oil. The results 

of the present study are in agreement with the reports of 

Amadi and Ue Bari (1992), Onuh et al. (2008), and Obasi 

et al. (2013), who observed an increase in the TOC content 

of crude oil-contaminated soil amended with saw dust, cow 

dung and poultry manure. The organic matter content of 

soil influences other properties such as water-holding capac-

ity, bulk density and mobilization of nutrients (Obasi et al. 

2013).

The addition of organic amendments resulted in a signifi-

cant increase in nitrogen mineralization. The rate of nitro-

gen mineralization was higher in contaminated fadama soil 

with various treatment combinations than for swamp forest 

soil. This may be due to the high proportion of sand in the 

fadama soil (see Table 1). It has been reported that nitrogen 

mineralization is far more intense in sandy soil than clay soil 

when soils are amended with municipal waste sludge com-

post (Madrid et al. 2001). This is attributed to the fact that 

a greater amount of organic matter–clay complexes makes 

microbial attack in soil with high clay contents more dif-

ficult (Hérbert et al. 1991). However, contaminated fadama 

soil amended with PW showed a significantly higher rate of 

nitrogen mineralization than the same fadama soil amended 

with CD or POW. The mineralization rate decreased signifi-

cantly with decrease in the quantity of amendment added 

(i.e. from 1:1 to 2:1 soil:organic amendments). Swamp for-

est soil with various treatment combinations showed lower 

mineralization rates than fadama soil with the same treat-

ment combinations. The rate of mineralization of nitrogen 

is higher in PW- than CD- and POW-amended soils, because 

of the C/N ratio of the waste used for incubation.

The addition of nutrient supplements to crude oil-contam-

inated soil was aimed to boost the nutrient elements needed 

for microbial degradation of petroleum hydrocarbons. Fig-

ures 3, 4 show the variation over time of TPH in the crude 

oil-polluted soils amended with organic wastes (i.e. cow 

dung, poultry waste and palm oil waste). The results showed 

a significant difference (p < 0.05) in the reduction of TPH in 

the soils amended with organic wastes as compared with the 

control without organic amendments. Soils amended with 

organic wastes recorded the highest levels of TPH reduction 

compared with the unamended contaminated soil (i.e. the 

control). A similar observation was reported for crude oil 

degradation in soil using poultry manure as an amendment 

material (Ijah and Antai 2003; Okolo et al. 2005), piggery 

manure (Yakubu 2007), and N–P–K fertilizer (Ayotamuno 

et al. 2006). Figures 3, 4 further show that within the differ-

ent contamination levels of 5, 10, 15 and 20%, TPH reduc-

tion decreased with the increasing crude oil-contamination 

level. Fadama soil at a 5% crude oil contamination level and 

a 1:1 amendment ratio treated with either cow dung, poultry 

waste or palm oil waste showed a TPH degradation of 82.10, 

89.40 and 82.02%, respectively, while swamp forest soil with 

the same treatments showed a TPH degradation of 79.87, 

82.32 and 79.86%, respectively. At a 20% contamination 

level with the same treatments (cow dung, poultry waste and 

palm oil waste) in fadama soil, the degradation was 67.00, 

68.34 and 60.78%, while the similarly treated swamp forest 

soil exhibited TPH degradations of 55.63, 63.28 and 59.54%, 

respectively. The trend of biodegradation in the different soil 

treatments followed the trend PW > CD > POW. This trend 

follows the same order as the total N (TN) content of the 

wastes (see Table 1).

Hydrocarbon-utilizing bacteria require important nutri-

ents, such as nitrogen and phosphorus, for effective and effi-

cient degradation of hydrocarbons in the soil environment. 

Similar results were reported by Adesodun and Mbagwu 

(2008) in the study of the effect of some organic wastes on 

oil-polluted soil. This study has, therefore, demonstrated that 

crude oil biodegradation in wetland soils is also dependent 

on the soil classification. Soils with a larger sand fraction 

like fadama soil, which is an oxisol, have been shown to 

have faster total petroleum hydrocarbon biodegradation than 

forest swamp soil (utisol). This may be due to the ability of 

the oxisol to provide adequate aeration required for floral 

diversity and microbial support.

Effects of organic amendments on the vegetative 
properties of Zea mays grown on crude 
oil‑contaminated fadama and swamp forest soils

The study further showed that application of 5% crude oil 

delayed the emergence of Z. mays by 2–4 days and signifi-

cantly reduced the percentage emergence in the contami-

nated soils amended with the different organic wastes. The 

results showing the number of leaves are presented in Fig. 6. 

In fadama soil, the numbers of leaves were highest at the 

0% contamination over the 5-week study period. The lowest 

number of leaves was recorded for the 20% contamination. 

Also, the results obtained in swamp forest soil followed the 

same trend as that of fadama soil, the lowest and highest 

number of leaves being recorded at 20 and 0%, respectively.

The percentage of seed emergence was lowest in soils 

amended with oil palm wastes across the different con-

tamination levels and organic amendment loadings. How-

ever, between the two soil types treated with the organic 
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Fig. 3  Effects of cow dung (CD), poultry waste (PW) and palm oil 

waste (POW) on TPH of treated fadama soil. a 1:1 and b 2:1 soil to 

organic amendment ratio at 5% oil contamination, c 1:1 and d 2:1 soil 

to organic amendment ratio at 10% oil contamination, e 1:1 and f 2:1 

soil to organic amendment ratio at 15% oil contamination, and g 1:1 

and h 2:1 soil to organic amendment ratio at 20% oil contamination
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Fig. 4  Effects of cow dung (CD), poultry waste (PW) and palm oil 

waste (POW) on TPH of treated forest swamp soil. a 1:1 and b 2:1 

soil to organic amendment ratio at 5% oil contamination, c 1:1 and d 

2:1 soil to organic amendment ratio at 10% oil contamination, e 1:1 

and f 2:1 soil to organic amendment ratio at 15% oil contamination, 

and g 1:1 and h 2:1 soil to organic amendment ratio at 20% oil con-

tamination
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amendments at the same amendment loadings, swamp for-

est soil showed a better percentage of seed emergence than 

fadama soil. For example, the percentage seed emergence 

for a 1:1 soil to organic amendment (poulty waste) ratio was 

48% and for a 2:1 ratio, it was 49% at a 5% oil contamination 

level of the swamp forest soil (Figs. 5, 6). The differences in 

the percentage of seed emergence may be attributed to dif-

ferences in soil physicochemical characteristics that support 

the growth of Z. mays.

The effect of the organic amendments on plant height 

over time (Figs. 7, 8) showed that plant height increased 

with time.

However, for all treatment combinations, the plant 

heights recorded were less than those of the control. This 

may be due to the presence of the undegraded fraction 

of crude oil in the soils. The highest plant height was 

observed at a 5% contamination level and an amendment 

ratio of 1:1 in swamp forest soil amended with cow dung 

and palm oil waste. Moreover, there were slight differ-

ences in plant height with respect to amendment ratio. 

Fig. 5  Effect of loading rate 

of cow dung (CD), poultry 

waste (PW), and palm oil waste 

(POW) on seed emergence 

5 weeks after planting for a 

fadama soil and b swamp forest 

soil

Fig. 6  Effect of loading rate 

of cow dung (CD), poultry 

waste (PW), and palm oil waste 

(POW) on number of leaves 

5 weeks after planting for a 

fadama soil and b swamp forest 

soil
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The lowest plant height was observed at a 20% oil con-

tamination level in soils treated with palm oil waste. The 

general performance of the maize plant was better in the 

contaminated swamp forest soil under the various treat-

ment combinations than with fadama soil under the same 

treatment combinations. In the control samples of the 

two soils with different degrees of contamination, there 

were indications of poor germination and stunted growth 

resulting in plant death after 1 week of planting. The study 

showed that despite the fact that fadama soil has a higher 

TPH reduction than swamp forest soil, the latter showed 

better plant performance. This may be attributed to the 

fact that swamp forest soil has good textural and phys-

icochemical characteristics that are more suited for the 

growth of tropical crops like Z. mays. In terms of number 

of leaves, there were gross reductions in the number of 

leaves obtained in the plant grown in the previously con-

taminated and amended soils as compared with the non-

contaminated soil (control). 5 weeks after planting (WAP), 

the mean number of leaves in the non-contaminated soil 

Fig. 7  Mean plant height as a function of weeks after planting (WAP) in oil-contaminated famada soil amended with a cow dung, b poultry 

waste and c palm oil waste

Fig. 8  Mean plant height as a function of weeks after planting (WAP) in oil-contaminated swamp forest soil amended with a cow dung, b poul-

try waste and c palm oil waste
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(control) was five for all soil types. However, the leaf 

number in the contaminated soils ranged from 2 to 5. 

Swamp forest soil amended with poultry waste at a 1:1 

amendment ratio showed a better leaf population at the 

different contamination levels than cow dung and palm 

oil waste. This is corroborated by the findings of Akujiobi 

et al. (2011) who reported that the remediation effect was 

nutrient weight dependent and the best remediation effect 

was observed in poultry waste-amended samples. Overall, 

plant performance was observed to follow the order poul-

try waste > cow dung > palm oil waste.

Conclusions

The study showed that crude oil pollution adversely affects 

soil fertility and physicochemical properties. Addition of 

organic amendments, such as cow dung, poultry waste 

and palm oil waste, to the contaminated soil proved to 

modify the physicochemical properties of the crude oil-

contaminated soils and improved their nutritional status for 

enhanced agricultural yield of tropical crops such as Z. mays. 

At a 5% contamination level, a 2:1 soil:organic amendment 

ratio was optimal for soil regeneration; however, at a 20% 

contamination level, a 1:1 soil:organic amendment ratio was 

optimal. For both oxisol (fadama) and utisol (swamp forest 

soil), oil-contaminated soils amended with PW showed a 

significantly (p < 0.05) higher rate of nitrogen mineraliza-

tion than the same soil amended with either CD or POW. 

Fadama soils (oxisols) with a larger sand fraction showed 

faster TPH degradation than swamp forest soils (utisols). 

The order of TPH degradation in both soil types followed the 

order: PW > CD > POW. Organic amendments also improved 

the percentage seed emergence by 48% and 49% for a 5% oil 

contamination level at 1:1 and 2:1 soil: organic amendment 

ratio, respectively. The utisols showed better plant perfor-

mance, despite the fact that the oxisols showed higher rate 

of petroleum hydrocarbon degradation.

Open Access This article is distributed under the terms of the Crea-

tive Commons Attribution 4.0 International License (http://creat iveco 

mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-

tion, and reproduction in any medium, provided you give appropriate 

credit to the original author(s) and the source, provide a link to the 

Creative Commons license, and indicate if changes were made.
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