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Abstract

The effects of crude oil on soil nitrogen dynamics and cycling in plant-soil ecosystems and its effect
on the growth of legumes (Calopogonium mucunoides, Centrosema pubescens and Pueraria phase-
olodes) grown in wetland ultisols were investigated. The test plants species were grown on wet-
land soil simulated with 0.35, 10.8, 20.5, and 50 g-kg-! levels of crude oil contamination. The re-
sults showed time and species dependent variation in mineral N content of the treated soils. The
variation is indicative of significant interaction between the hydrocarbon content and plant spe-
cies. Variations in microbial N and microbial C were similar and correlation between the microbial
N and the total C (Organic matter (C) + hydrocarbon content (C)) in soil was highly significant (r =
0.96, n = 12, P < 0.01). The presence of hydrocarbon contaminant widens the C:N ratio in soil and
leads to more available N being immobilized by soil microorganisms, which reduces available N
for plant uptake. This result implies that crude oil contamination significantly reduces N uptake
by plants but increases N accumulation in soil microbial biomass. The findings show that N dy-
namics, transformation and cycling in soil are influenced by hydrocarbons and that the interac-
tions between hydrocarbon content and plant species in contaminated soil are remarkable. The
use of plant Centrosema pubescens with poultry manure or NPK fertilizer for bioremediation is
more effective than that of Calopogonium mucunoides and Pueraria phaseoloides. However, the
selective attributes of the various treatment approaches adopted here may be exploited for en-
hanced remediation of contaminated wetlands in the Niger Delta region of Nigeria.
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1. Introduction

The Niger Delta terrestrial and aquatic systems are generally the main recipients of crude oil spillages, some-
times resulting in large scale contamination of the environment. Oil spills in the last two decades have given rise
to increased scientific knowledge of the behaviour of hydrocarbons and have led to the development of new in-
tervention method [1]. Of the many remediation methods currently in use, bioremediation is viewed as one of
the most promising technologies. The approach that has been exploited most consists of stimulation of the soil
indigenous microflora by adding an electron acceptor and/or nutriments, especially nitrogen in the form of am-
monium salts [2]-[4]. This nitrogen source is exploited mainly by microbial biomass for growth and production
of pollutants-degrading enzymes.

Nitrogen dynamics and cycling play important roles in bioremediation and reclamation of hydrocarbon-con-
taminated soils, because nitrogen is an essential element for microbial activity and plant growth. Nitrogen dy-
namics and cycling in hydrocarbon-contaminated soils may differ from those in uncontaminated agricultural
soils [5] because hydrocarbons can change soil physical, chemical and biological properties. In spite of all the
harmful effects widely reported, [6] [7] have revealed improved growth of tropical legumes grown on soil con-
taminated with crude oil in wetland soil. [8] noted that organic matter of soils polluted with crude oil increased
through the activities of nitrogen-fixing microorganisms. The nitrogen-fixing capacity of legumes stabilizes the
soil nitrogen and organic carbon content in the rhizosphere than non-rhizosphere soils [9].

However, in experiment to measure the nitrogen accumulated by plants grown in solution culture and small
field plots at Ibadan in Nigeria, [10] reported that cowpea (Vigna unguiculata), green grain (Vigna radiata) and
calopo (Calopogonium mucunoides) can accumulate nitrogen at rates in excess of 300 kg within 12 - 14 weeks.
In another survey of 15 oil-contaminated sites, [11] reported the dominance of leguminous plants among the
surviving flora, indicating a selective advantage of plants with a symbiotic nitrogen fixing potential. Similarly,
[12] showed that low level (0.75%) of oil in soil improved the growth and nodule development of soya beans.
This improvement could be attributed to nitrogen fixation or additional nutrients released from the activities of
the tolerant organisms.

However, there is a paucity of information on the effect of hydrocarbons on nitrogen dynamics and cycling in
plant-soil systems of wetlands during remediation. In this experiment, the different nitrogen forms in plant-soil
systems containing uncontaminated soil, crude oil, contaminated soil and remediated soils covered with Calopo
(Calopogonium mucunoides), Centro (Centrosema pubescens) and Pueraria (Pueraria phaseoloides) were ex-
amined.

2. Materials and Methods
2.1. Source of Test Soil Samples

The soil samples used in the study were collected from wetland soil sites, where there are no recorded cases of
crude oil contamination. The soil was obtained within the vicinity of Ikot Obio Nko stream in Ibesikpo Asutan
Local Government Area of Akwa Ibom State. Akwa Ibom State is located in the Niger Delta region of Nigeria.
The area is characterized by sand and clay deposits. The top soil is characterized as sandy loam and is within a
tropical rainforest zone. The soil is moist most of the year round due to excessive rainfall of about 2700 mm.
This volume of rainfall provides great amounts of surface run-off rivulets and occasional streams which may
carry substances like crude oil to nearby lands and rivers. The prevalent species of legumes Calopogonium mu-
cunoides, Centrosema pubescens and Pueraria phaseoloides (members of the family Leguminosae and sub-
family Faboideae) found in the wetland sites were selected for the study.

2.2. Contamination and Remediation of Test Soil

Twenty litres of Bonny Light crude oil was poured on each of the ten plots with dimension 4 x 4 ft. The objec-
tive was to simulate conditions of a major spill. The plots were left undisturbed for a period of one week. After
one week, the top soil (3 cm depth) of the polluted plots were removed manually, homogenized and stockpiled.
Precisely 10 kg of the composite soil sample was transferred into four 2 x 2 ft porous-bottomed wooden boxes.
All planting boxes were watered consecutively for three days with surface water supplied from the sample area.
The oil-treated soil and untreated soil (control) were left undisturbed for a period of one week before the appli-
cation of nutrient supplements (remediation methods). The period of one week was expectedly enough for con-
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ditioning, necessary for the resurgence of biological activities in the test soil.

2.2.1. Treatment with Nutrient Supplements

The effect of the oil on the biological activities of soil was remedied with the application nutrient supplements
as follows:

1) Contaminated soil (10% v/w) treated with 200 g of poultry manure;

2) Contaminated soil(10% v/w) with 200 g of NPK 15:15:15;

3) Contaminated soil (10% v/w)without any treatment;

4) Uncontaminated soil without treatment (control soil).

All treatments except poultry manure was dissolved in distilled water and applied in liquid form to guarantee
the uniform distribution within the soil medium. The nutrient application of 200 g was equivalent of 25 ton/ha.
These amount supplied 25,000 kg/ha of nitrogen for the 12 weeks remediation period. After nutrient application,
the treated and untreated boxes were left undisturbed for four weeks, except for intermittent watering at an in-
terval of two days. These treatments reduce the crude oil content in the contaminated soil from 50 g/kg (un-
remedied soil) to 20.5 and 10.8 in NPK and poultry manure-treated soils respectively. Thereafter, the treated
soils were separately covered with leguminous plants.

2.2.2. Treatment with Leguminous Plants

Three sets in triplicate experimental macrocosms were prepared, each for the three different species of legumes-
Calopogonium mucunoides, Centrosema pubescens and Pueraria phaseoloides. Four pre-treated seeds of each
leguminous plant were examined to ascertain that they were similar in size before they were seeded into the
wooden boxes. The plants were watered adequately on daily basis for 12 weeks to maintain a permanently wet
environment and allowed to adapt and grow in vitro, forming buds and leaves before harvesting.

2.3. Physicochemical and Biological Analysis of Test Soil, Plant and Microbial Biomass

2.3.1. Soil

The wetland soil samples were analyzed prior to contamination with crude oil, after contamination and during
the course of remediation using standard analytical methods. Prior to analysis, the soil samples were air dried
and passed through a 2 mm sieve. Particle size distribution of the soil samples was analyzed by combination of
wet sieving and hydrometer techniques [13] with calgon as the dispersing agent. The soil organic carbon content
was determined by dichromate wet oxidation methods of Walkley and Black as modified by [14]. Total nitrogen
was determined by Kjeldah digestion methods of [15]. Soil pH was determined in water using a PyeUnicam pH
meter [16]. The hydrocarbon content in soils was analyzed by gas chromatography (HP5890) after extracting the
soil samples with dichloromethane [17].

2.3.2. Plant and Microbial Biomass

Using a destructive approach, the legumes were harvested after every three weeks to examine the shoots and
roots of the cultivated plants. On each sampling day, the shoots were carefully pooled out of the soil and the
roots were manually separated from the soil and washed. The plant shoots and roots were dried at 70°C for 24
hours and then weighed and ground for determination of N. The N concentration in plant shoots and roots was
determined by digesting the ground plant samples using a micro-Kjeldahl procedure [18] and analyzed on a
Technicon Autoanalyzer (Technicon Instruments Corporation, New York). The shoot N (total N accumulated in
shoots) and root N (total N accumulated in roots) were calculated by multiplying the N concentration with the
corresponding biomass of the shoots or roots, respectively. Mineral N (NH4-N, NO,-N and NO;-N) was deter-
mined by extracting soil samples with 2MKCI solution (soil:solution = 1:5) and analyzed on the Technicon
Autoanalyzer. Soil microbial N was measured on 20 g soil samples using the fumigation-extraction technique
[19] [20] and calculated by multiplying the flush of mineral N between the fumigated and unfumigated soil
samples with a K, factor of 2.22 [21]. Soil microbial C was measured on 25 g oven-dry equivalent soil samples
by the fumigation-incubation technique [22] and calculated by dividing the flush of CO, C by a K. factor of
0.411[23].

2.3.3. Urease Assay
Urease activity was measured following the procedure of [24]. A 20 g soil sample obtained from each box was
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dispensed into a polyethylene bottle and treated with 4 ml of urea solution (0.5 mmol-g* soil). Soil samples
were incubated at 37°C for 6 h with soil moisture contents at 60% of soil water-holding capacity. Therefore, hy-
drolysis of urea was inactivated by adding 100 ml 1 M KCI-phenyl mercuric acetate (a urease inhibitor) solution.
The suspension was shaken for 1 h and filtered through Whatman (No.1) filter paper. A suitable aliquot (5 ml)
from the filtrate was analysed for urea. The amount of the hydrolyzed urea was calculated by the difference be-
tween the urea added initially and that left in the solution after incubation.

2.4. Statistical Analysis of Data

The variance of the data was analyzed using the GLM procedure of the SAS package [25]. Multiple compari-
sons were conducted using the Student-Newman-Keuls (SNK) procedure. The linear correlation and regression
were conducted using the REG procedure.

3. Results and Discussion

The physicochemical properties of the test soil prior to contamination, after contamination and the remedied
soils are presented in Table 1. The un-contaminated soil, an acidic sandy loamy soil (ultisol) was characterized
by pH 6.9 and considerably high amount of available phosphorous, nitrogen and its related compounds (nitrate
and ammonium). These attributes were slightly affected by simulation with crude oil. Conversely, there was in-
crease in the amount of soil organic matter in the contaminated and remediedsoils than the uncontaminated soil.
The 50 g-kg* of total petroleum hydrocarbon (TPH) obtained when crude oil was introduced into the soil was
effectively reduced to 20.5 gkg * in soil treated with NPK and 10.8 g-kg * in soil remedied with poultry manure.
This implies that hydrocarbon can affect soil physical, chemical and biological properties including nitrogen cy-
cling.

The amount of nitrogen (N) in the test plants shoot and root were higher in cover crops grown in the uncon-
taminated soil than soils with different hydrocarbon content (Figure 1) suggesting that crude oil contamination
reduced N uptake by plants. It has also been reported to influence water and nutrient uptake by plants, which is
essential for plant growth [26]. The reduction in shoot and root N of the legumes grown on the crude oil con-
taminated soils observed in this study may be due to competition for available nutrients between the plants and
microorganisms in soils [27]. However, the severity of the effect of oil contamination on N uptake and plant
growth varies with the plant species and the original soil properties [28]. Our findings have revealed that the
three plant species exhibited different responses to the hydrocarbon contents of the soil. For Pueraria phaseol-
oides, the shoot and root N of plants grown on uncontaminated soil, and those on contaminated soil remedied
with poultry manure and NPK increased rapidly within the first 6 weeks. However, there was no significant dif-
ference in root N between poultry and NPK treated soils and the oil-contaminated soil (Figure 1). This indicates
that N uptake by Pueraria phaseoloides was not affected by hydrocarbons within the range of 0.35 - 20.5 g-kg %,
although slight impact was noticed after 6 weeks of exposure. On the other hand, the shoot and root N contents

Table 1. Some properties of the treated and untreated soil samples.

Treated Soils

Properties Uncontaminated Soil Oil-Contaminated Soil

Poultry Manure NPK

TPH (gkg™?) 0.35 50 10.8 205
SMC (%) 13 0.4 0.8 10

SOM (g'kg™?) 46 50 60 56

Total N (gkg™?) 5.3 5.0 45 48
NH; (mgkg™) 6.8 3.6 1.8 2.4
NO, (mgkg™) 16.5 2.8 12.4 108

Av. Phosphorous (g-kg ™) 6.4 5.8 4.6 52
pH 6.9 6.7 6.8 6.8

TPH represents total petroleum hydrocarbon. SMC represents soil moisture content. SOM represents soil organic matter.
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Figure 1. Shoot N and Root N during the growing period for Centrosema pubuscens, Calopogonium mucunoides and Puer-
aria phaseoloides grow in four soils with different hydrocarbon contents.

of Centrosema pubuscens and Calopogonium mucunoides were remarkably high in plants cultured on soils con-
taminated with crude oil levels higher than 20.5 g-kg™'. No significant difference was also recorded for shoot
and root N levels of Centrosema pubuscens cultured on poultry manure and NPK remedied soils. Similarly,
there was no remarkable difference in the shoot and root N levels of Calopogonium mucunoides grown on un-
contaminated and poultry manure-treated soils. This indicates that the shoot and root N of Centrosema pubus-
cens and Calopogonium mucunoides were not severely impacted by hydrocarbons content within 0.35 - 50
g'kg ! (Figure 1). The implication is that the shoot and root N of the legumes were more stable in Centrosema
pubuscens followed by Calopogonium mucunoides than in Pueraria phaseoloide grown on soils with relatively
higher levels hydrocarbon contamination. However, the root N of Pueraria phaseoloides also exhibited some
level of stability among the cover crops cultured in soil with highlevel hydrocarbon contamination probably due
to its bigger root mass. These findings indicate the potentials of these plants in reclamation of hydrocarbon con-
taminated soils. This potency may be ascribed to their capability to fix atmospheric N and establish a vegetative
cover at a faster rate for crop plants.

The results have also shown that the microbial N increased while the mineral N decreased with increase in the
level of hydrocarbons contamination (Table 2). This is suggestive that hydrocarbon contamination may cause
available N to be immobilized into microbial biomass, thus reducing the availability of N for plant uptake. This



R. C.John et al.

Table 2. Mineral N, microbial C to microbial N ratio and mineral N in the four soils planted with centrosema, calopo and pueraria.

Microbial N Microbial C/Microbial N Mineral N
Sampling Centro  Calopo  Pueraria Centro Calopo  Pueraria  Centro Calopo  Pueraria
Periods Soil Materials (mg N kg™ soil) (mg N kg™ soil)

3 Weeks Uncontaminated soil 16.6+22* 158+25 136+07 72+04 145+12 164+15 186+75 174+3.4 134+6.4
Oil-contaminated soil 398+32 39.1+24 383+02 208+08 16.6+18 127+22 6%+24 38+18 42+16
Poultry manure-treated soil 29.7+2.8 282+35 182+0.6 864+26 752+16 427+21 168+28 156+3.5 131+7.6
NPK-treated soil 18.2+25 16.4+0.7 125+04 388+12 306+15 36.7+23 134+28 122+24 118+3.6
6 Weeks Uncontaminated soil 72+06 74+08 78+06 65+23 245+16 284%09 156+6.4 142+54 24+21
Oil-contaminated soil 382+08 327+02 262+04 185+05 153+0.7 105+04 42+05 32+06 22+1.2
Poultry manure-treated soil 16.2+1.4 146+08 11.2+08 864+25 802+22 684+29 178+85 156+28 79+34
NPK-treated soil 125+04 10405 89+12 84617 783+28 321+11 158+45 137+35 48%15
9 Weeks Uncontaminated soil 98+0.7 66+08 36+04 46+08 156+21 194%+12 82%+18 66+28 50+0.7
Oil-contaminated soil 286+28 28.0+21 285+34 147+06 122+09 83+07 62+02 54+18 41+04
Poultry manure-treated soil 16.5+2.6 109+0.7 9814 682+42 765+26 927+14 182+56 174+6.8 13+14
NPK-treated soil 154+15 122+12 48+15 285+28 223+12 29.6+08 162+26 156+34 75%26
12 Weeks Uncontaminated soil 52+04 64+08 76+15 149+21 106+03 124+06 165+06 145+0811.1+04
Oil-contaminated soil 306+21 292+02 286+24 342+28 306+13 328+16 2%038 2204 2£06
Poultry manure-treated soil 14.8+1.2 143+0.7 122+26 986+7.7 748+28 56.4+24 122+34 110+56 2403

NPK-treated soil 122+14 108+04 102%07 504%26 348+16 267+13 10409 101+02 22+05
Summary of ANOVA
Source of variance Mineral N
DF Microbial N Microbial C/Microbial N

Plant (P) 2 b NS
Soil (S) 3
Date (D) 3 ’ ’
PxS 6 NS NS )
PxD 6 NS . -
SxD 9 ) NS .
PxSxD 18 ) NS -

*The numbers in the table are represented by mean + standard deviation (SD). *The difference between means is significant at: P < 0.05; P < 0.01; *"P < 0.001;
NS, not significant.

is because once immobilized, N is re-mineralized slowly [29]. The microbial N of microorganisms in soil reme-
died with the test plants species was low in uncontaminated and treated soils over the growing period but very
high in the oil-contaminated soil. This may be as a result of the sequestration of a large amount of N in the mi-
crobial biomass which may prevent losses of mineral N to the atmosphere and groundwater. This sequestered N
can also be released slowly for recycling by microorganisms during the process of hydrocarbon degradation, or
may be used for plant uptake. However, it was higher in soils remedied with Centrosema than Calopogonium
which also had an edge over Pueraria (Table 2).

The ratio of microbial C: microbial N was highinpoultry manure-treated soil followed by the NPK-treated soil
and then the oil-contaminated soil. Variation in the said ratio is due to the variable impact of hydrocarbons con-
tamination levels and treatment approaches which influences the composition of microbial community since
some microorganisms in soils are substrate-specific. The variation in levels of microbial N was similar to that of



R. C.John et al.

the microbial C and correlation between the microbial N and the total C (organic matter C+ hydrocarbon C) in
soil was highly significant (r = 0.98, n = 12, P < 0.01). However, the microbial N in soils covered with Cen-
trosema was greater than in soils remedied with Calopogonium and Pueraria. Mineralization studies however
showed a progressive decrease in ammonium-N levels and increase in nitrate levels in the uncontaminated soil
overtime. This is indicative of nitrification process in soils that are free from contamination. This is confirmed
by the strong negative correlation (r = —0.88, P < 0.05) observed between the levels of nitrate-N and ammo-
nium-N in the uncontaminated soil as against the strong positive correlation (r = 0.96) between both parameters
in treated (remedied) soils. Higher ammonium-N levels could indicate enhanced ammonification, reduced am-
monium immobilization and reduced nitrification since these processes are intricately linked in soil and could
influence the level of ammonium in soil [30].

Our results revealed that the plant species also had a significant effect on the mineral N content in soil. During
the growing period, the mineral N in soil covered with Centrosema was greater than that of soils remedied with
Calopogonium and Pueraria. It implies that more mineral N was taken up by Centrosema than Pueraria since
the shoot N and root N of Centrosema were greater than those of Pueraria. In soils covered with Centrosema
and treated with poultry manure and NPK the mineral N was greater than the values recorded for the uncon-
taminated soil and only decreased after 9 weeks of exposure (Table 2). Values recorded for the oil-contaminated
soil was the least during the growing period. The differences in mineral N in the four soils at different sampling
dates under the three plant species indicated that the interaction among the hydrocarbon content, plant growth
stages and plant species was significant.

Biochemical reactions in soil, including transformation and cycling of plant nutrients, depend on the activities
of different enzymes [31]. Urease activity deserves special attention since it plays a key role in transforming
urea into ammonia for plant uptake [32]. The activity of soil urease correlated positively with the densities of
microorganisms, organic matter content, total nitrogen and available phosphorous [33] [34]. In a similar study,
soil urease activity showed a significantly negative correlation (P = 0.001) with which could be used as the most
sensitive indicator of petroleum contamination [35]. In this study, the urease activity was higher in soil remedied
with Pueraria than Centrosema (Figure 2). This may be due to bigger root mass of Pueraria, since plant roots,
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NPK-treated Soil
= Contaminated Soil
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Figure 2. Urease activity in the four soils with different hydrocarbon content during the growing period under centrosema,

calopogonium and pueraria.
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as well as microorganisms produce urease [36]. However, the urease activity in the oil-contaminated soil was
higher than those in the control (uncontaminated) and nutrient supplemented soils, especially at the first two
growth stages. This may be due to large microbial biomass (represented by microbial N) in the oil-contaminated
soil. The influence of plant roots was also relatively less at the early growth stages. Similarly, the urease activi-
ties in the NPK and poultry manure-treated soils were lower than the rates obtained from the oil-contaminated
soil. This indicates that both remediation methods reduce urea hydrolysis rate to enhance microbial degradation
of hydrocarbons.

4. Conclusion

The study has demonstrated that hydrocarbon contamination widens the C:N ratios in soil. This leads to more
available N to be immobilized by soil microorganisms and reduces N uptake by plants. The differences in the
ratio of microbial C:microbial N among the four soil treatments are indicative of variation in microbial induced
mineralization of hydrocarbons contaminants during the remediation processes. Both remediation methods re-
duced hydrocarbon content in the soil and had significant effects on N dynamics and cycling. Urease activity
was very high in the oil-contaminated soil due to the elevated microbial biomass. Moreso, the higher urease ac-
tivity recorded for Pueraria, may be associated with its bigger root mass. The findings show that N dynamics,
transformation and cycling in soil are influenced by hydrocarbons and that the interactions between hydrocarbon
content and plant species in contaminated soil are remarkable. The use of plant Centrosema pubescens with
poultry manure or NPK fertilizer for bioremediation, is more effective than that of Calopogonium mucunoides
and Pueraria phaseoloides. However, the selective attributes of the various treatment approaches adopted here
may be exploited for enhanced remediation of contaminated wetlands in the Niger Delta region of Nigeria.
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