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Abstract: Three seed samples each of Glycine maxstrain TGX 1985-10E was planted in soil contaminated with
crude oil (Well Head Medium – Oml – 75mls in a triplicate study which lasted for 105 days). This was as a result
of an effort to evaluate the efficacy of Glycine MaxStrain TGX1985-10E as a phytoremediator of crude oil
contaminated soil environments. The following parameters were considered and observation noted-Pod
production, biomass (dry weight content), leaf area, height, chloroplyll content, which showed a much later
improvements. The soil pH and bacteriological analysis were conducted and together with the afore-mentioned
parameters 21 days periodically throughout the research period. The pH of the standard (oml contaminated soil)
remained basic whereas that of the contaminated areas remained acidic but reduced during and throughout the
period of study. The genera of Bacterial isolates include – Pseudomonas, Bacillus, Serratia, Arthrobacter,
Flarobacterium, Micrococcus and Klebsiella. The findings of this study showed that Glycine MaxStrain
TGX1985-10E is a good Phytoremediator especially in crude oil contaminated soil environments and is therefore
recommended.
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INTRODUCTION Njoku et al. [8], disclosed that the effects of crude oil

Petroleum exploration, exploitation, processing, observed to occur due to the interference of the plant
storage and transportation lead to the pollution of soil uptake of nutrients by crude oil and the unfavourable soil
with crude oil, refined and waste products of petroleum conditions due to pollution by same. Plants and soil
[1]. These various processing and distribution of microbes often compete for the little nutrients available in
petroleum products or hydrocarbons as well as the use of these contaminated soils, although the nitrogen-fixers
petroleum products lead to the contamination of soil [2, 3]. (e.gRhizobiumspp./Bradyrhizobium spp.)may form a
Changes in soil properties due to contamination with symbiotic relationship with mostly legumes thereby
crude oil substances can lead to water and oxygen deficits supplying nutrients to plants. Certain bacteria are known
as well as to shortage of available forms of nitrogen and to be good utilizers of hydrocarbons as substrates
phosphorus [4]. Contamination of the soil environment especially in contaminated  soil  areas  but  this  could
can also limit its protective function, upset metabolic lead to low rates of achieve and a long time expectation.
activities, reduce fertility, negatively influence plant Traditional techniques for remediating crude oil
production and unfavorably affect its chemical contaminated soil environments are costly and may cause
characteristics [5, 6]. The latter observation threatens secondary pollution. Series of approaches are being
human health and that of the organisms the soil sustains practiced in order to reclaim land contaminated with
[7]. hydrocarbons.  Phytoremediation  is  newly  evolving field

on the growth and performance of plants have been



number of seeds that germinated Percentage germination = x 100
Number of seeds sown [8]

NTVC  = 
VXD
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of science & technology to clean up polluted soil, water Planting of seeds and germination studies was done
or air [9]. It may be defined as the use of green plants to following the modified version of the method described
remove, destroy, or sequester hazardous substances from by Njoku et al. and Vavrek and Compbell [8, 13]. Seven
the  environment.  Phytoremediation can provide a cost seeds of the G. max strain was sown in soil treated with
effective, long lasting aesthetic solution for remediation the different concentrations of crude oil (25ml, 75ml,
of contaminated sites [10]. Phytoremediation offers the 100ml) and the control treatment. The number of seeds
most environmental friendly approach for its remediation that germinated from each container was summed up after
[10]. 10 days. The percentage germination in each treatment

Phytoremediation is, therefore, being adopted to was calculated using the formula:
restore polluted soil. Phytoremediation is more
economically viable and less disruptive to the
environment and does not involve waiting for new plant
communities to recolonize the site among others [11]. RESULTS

In this study, viable seeds of Glycine max strain TGX
1985-10E were planted on different soil contaminated Growth and performance studies was done by
areas of measured quantities of crude oil in order to carefully uprooting a crop from each container to avoid
evaluate the remediation-qualities of the former being a losing the root tips, each time analysis is conducted. Crop
legume and therefore would attract mutualistic samples were properly labeled to show the treatments.
relationship with nitrogen fixing bacteria. The plant height, Biomass, leaf area, chlorophyll content

MATERIALS AND METHODS done using modified methods as described by [8, 14-16],

Sample Collection: The seeds of the leguminous plant The soil pH was determined in a soil to water ratio of
Glycine max (TGX 1985-10E) used in this study were 1:1, with the aid of a glass electrode pH meter which was
obtained from the Gene Bank Section (GBS) of calibrated with pH 7.0 and pH 4.0 buffer standards before
International Institute of Tropical Agriculture (IITA), use. This was achieved by weighing five grams of air
Ibadan, Nigeria. The Crude oil used for the studies was dried soil (passed through 2mm sieve) into a 20ml beaker
the well Head Medium (WHM), obtained from the shell and adding 5ml of distilled water; allowed to stand for
Petroleum Development Company’s (SPDC’s) Health 30mins and stirred occasionally with a glass rod; the
Safety and Environment Laboratory, Port Harcourt, electrodes of the pH meter inserted into the partly settled
Nigeria. The soil sample was collected from different suspension and the pH measured.
locations at Agu-Awka, Awka South Local Government The total bacterial counts were determined after serial
Area, AnambraState, Nigeria. The soil samples were mixed dilution and the isolates were characterized and identified
to get a homogenous mixture and then transported with using the TGXonomy scheme. Further identification
Polythene bags to the laboratory, the soil sample was methods and Biochemical tests done include Gram’s
sieved and measured (400g each) into containers. Staining reaction, Spore stain, motility test, congulase

Pollution of Soil Sample: The soil samples were polluted Methl Red-Vogues Proskauer tests and sugar
by added 0ml, 25ml, 50ml and 75ml of crude oil in the fermentation tests.
plastic containers containing 4000g of soil samples. Each The total bacterial counts were calculated using the
quantity of crude oil was added to three containers formula = 
(triplicate study) and was thoroughly mixed with the soil
using hand travel. Each quantity of crude oil served as a where,
treatment with the Oml treatment serving as the control. TVC = Total viable counts

The viability tests on the seed was done following N = Mean numbers of colony
the modified version of the method described by Jeanroy V = Volume plated
[12]. Ten seeds of Gylcine max strain TGX 1985-10E was D = Dilution factor
planted on a moistened cotton wool placed on clean
disposable petri dish. This was daily moistened and The mean values of the performance of Glycine max
placed on laboratory table. Nine seeds germinated on the strain TGX 1985 – 10E grown in crude oil contaminated
3  day indicating 90% viability. soil is shown in Table 2 below.rd

and the number of pods determination in each case was

respectively.

test, catalase test, oxidase test, citrate test, indole test,
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Table 1: Percentage germination of Glycine max(TGX 19850-10E)

Containers No. of seed sown Seed germination Percentage germination

A1 7 7 100
A2 7 7 100
A3 7 7 100
B1 7 6 86
B2 7 6 86
B3 7 7 100
C1 7 7 100
C2 7 7 100
C3 7 7 100
D1 7 6 86
D2 7 5 71
D3 7 6 86

Key:  A  – A ---> Soil samples without pollution1 3

B  – B  --->Soil samples + 25mls crude oil1 3

C  – C  ---> Soil samples + 50ml crude oil1 3

D  – D  ---> Soil samples + 75ml crude oil1 3

Table 2: Mean values of performance of Glycine max strain TGX 1985 – 10E grown in crude oil contaminated soil

Average no of pods Average % biomass Average leaf area Average plant height Average chlorophyll content
Aver age -------------------------------- ------------------------------- ------------------------------------ --------------------------- -----------------------------------------
sample Amount of crude oil 21 42 63 84 105 25 42 63 84 105 21 42 63 84 105 21 42 63 84 105 21 42 63 84 105

A - 19 21 17 12 6 6 7 11 13 15 0.77 0.83 0.90 0.96 0.97 62 63 71 73 70 43.9 46.0 42.5 40.0 36.4
B 25mls 20 21 18 14 10 25 19 22 24 26 0.68 0.68 0.68 0.73 0.74 44 49 51 54 55 25.2 24.0 20.3 24.1 29.3
C 50mls 27 30 27 18 12 17 19 20 22 23 0.71 0.72 0.66 0.65 0.74 42 44 45 47 50 35.4 31.7 29.2 30.4 32.9
D 75ml 19 16 12 10 6 10 16 17 18 20 0.75 0.75 0.62 0.74 0.78 36 37 40 43 48 22.3 16.8 14.4 15.2 19.5

Key = A – D: Average values of the triplicate study

Table 3: Mean values of soil pH from day 21-105

Chemical Analysis Days A (0ml) C.O B(25mls) C.O C (50mls) C.O D (75mls) C.O

pH 21 7.30 4.35 3.93 3.84
pH 42 7.22 4.35 3.99 3.88
pH 63 7.77 4.93 4.03 3.94
pH 84 7.92 5.00 4.36 4.29
pH 105 8.07 5.53 5.00 4.67

Key: A-D = Average mean values of the triplicate study.
C.O = Crude oil

Table 4: Mean values of total bacterial count of the contaminated soil grown with G. max day 21-105

Days A (0ml) C.O B(25mls) C.O C (50mls) C.O D (75mls) C.O

21 3.6 2.3 1.2 1.1
42 3.2 2.3 1.3 1.2
63 3.1 2.5 1.6 1.2
84 2.1 2.8 1.7 1.5
105 1.7 2.9 2.2 1.6

All Bacterial count = x10 cfu/g8

Key: A-D = Average mean values of the triplicate study.
C.O = Crude oil

The pH of the Crude oil contaminated soil grown with The Bacteriological Analysis of the crude oil
Glycine max(TGX 1985-10E) from day21-105 isshown in contaminated soil grown withGlycine max (TGX 1985-10E)
Table 3 below. from day 21-105 is shown in Table 4 below.
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Table 5: The Morphological and Biochemical characteristics of Bacteria isolates from Polluted soil grown withG max (TGX 1985-10E)

Sugar fermentation
Cell ----------------------------------------------------
morphology Grain reaction Spore formation Motility Catalase Oxidase Citrate Indole MR VP Coagulase Mannitol Lactose Glucose Maltose Sucrose Probable organisms

Rods - - + + + - - + + ND - AG AG AG A Pseudomonas Spp
Straight rods - - + + - + - - + - - A AG ND ND Serratia Spp
Rods - ND - + - - - - - - - - ND + + Flavobacterium Spp
Rods + ND - + - + + + + - + - ND - + Micrococcus Spp
Short rods + + + + - + + - + - AG A A - - Bacillus Spp
Rods - ND - + - - + + + - + + ND + + Klebsiella Spp
Spherical + - - + + ND - - - - ND G ND ND G Arthrobacter Spp

Key: + = Positive reaction AG = Acid and Gas production
- = Negative reaction G  = Gas production
A = Acid production ND = Not none

The Biochemical characteristics of Bacterial Isolates of the study lasted for the crude oil contaminated soil
is shown in Table 5 below. (Table 2). Also the chlorophyll content increased though

DISCUSSION 50mls of crude oil but the statistical analysis showed no

The joint activities of the isolated Bacteria and biomass, height, leaf areas and chlorophyll contents in
Glycine maxstrain TGX 1985-10E in the study helped in soil contaminated with 25mls of crude oil than the 50mls
decontamination of the polluted soil. and 75mls counterparts may be due to the ability of the

The  findings  of the study showed that the pH of plant’s root to penetrate faster due to the reduced
non-contaminated soil was above neutral and remained concentrations and also the microbial activities of the
basic throughout the study whereas the pH of the bacterial isolates in recycling of nutrients in these soil
contaminated soil counterparts were acidic and near environments. This observation is in line with findings of
neutral  as  the period of the study lasted (Table 3). This Njoku, Akinola and Oboh [17], who stated that soil
decrease simultaneously could be as a result of the contaminated with 50mls and 75mls, crude oil led to the
degradative ability of the bacterial isolates while the reduction of chlorophyll contents in 42 days of research
research lasted. This is similar to the findings of but the soil was enhanced afterwards and crude oil
Ayotamuno, Kogbara and Taleat and Njoku, Akinola and pollution causes among things low permeability and low
Oboh [3, 17], who observed that there was initial increase infiltration of water into the soil, respectively. Both agreed
in the pH of soil polluted with crude oil but that the pH that these conditions can lead to accumulation of water in
decreased while the research lasted. These researches did the soil surface and an artificial draught in the sub surface
report that the soil bacteria thrive better in neutral pH than layer of soil depending on the concentrations of the
acidic soil. The latter proved the conditions were contamination; this thus can lead to difficulty of roots to
favourable for the degradation of the crude oil polluted absorb water and nutrients. The conduction of
soil by the bacterial isolates. morphological and biochemical characteristics of the

The population of the bacterial isolates in crude oil bacterial isolates as shown in table 5 helped prove that
contaminated soil increased while the period of the study the following genera of bacteria were isolated during the
lasted (Table 4). It can also be seen that the bacterial period of the study: Pseudomonasspp., Serratiaspp.,
count of non-contaminated soil increased drastically on Flavobacterium spp., Micrococcus spp., Bacillus spp.
day 21 and reduced concurrently 42-105 days. The and Arthrobacter spp.
gradual increase in contaminated soil may be due to initial
harsh environments which the bacteria was able to CONCLUSION
degrade  as  the  period  of  the  study  lasted;  that of
non-contaminated soil may be due to the organisms fast From the results and discussion on the research, it is
usage  of the nutrients as the conditions were favourable. therefore necessary to conclude that Glycine max
The former is similar with the findings of Njoku, Akinola strainTGX 1985-10E is a good phytoremediator of crude
and Oboh [17], who stated that as the pH approached oil contaminated soil and that it can work as a bio
neutral, the degradative abilities of bacteria in the stimulator of certain bacterial organisms which by
contaminated soil is witnessed. There was general synergy can decontaminate to a large extent these
increase in the plants biomass and height while the period polluted soil environments.

there were some changes in that of soil contaminated with

significant difference. The general increase in the
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