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Abstract: The toxicity of crude oil on ten accessions of Sorghum bicolor Moench was evaluated in this study.
The study used germination, shoot length, root length, chromosomal abnormalities, mitotic indices and EC50

as bioassay parameters in the evaluation with 0% to 8% of crude oil as treatments. The percentage germination
of seeds of the different accessions in the different treatments were significantly different (p<0.05; p<0.01 and
p<0.001). Significant  differences  also  existed in the rates at which the different accessions grew in the different
treatment  (p<0.05;  p<0.01  and p<0.001). Chromosomal aberrations ranging from vagrant, bridged anaphase,
c-metaphase  amongst  others were noticed in the cells of the seedlings exposed to the different treatments. The
EC  of the different accession ranged from 5.5% to 19% for germination, 4.4% to 13.8% for root length and 6.3%50

to 16.7% for shoot length. The mitotic indices of the plants were also affected by the different treatments. The
results of the study shows that although the different assay parameters show that crude oil can affect different
plants in the different ways, 07/125 is more sensitive to crude oil pollution. Further studies can be carried out
on the more resistant accessions to determine their suitability for remediation of crude oil contaminated sites.
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INTRODUCTION There are many toxicity tests that can be used to

The impacts of crude oil and other petroleum the monitoring and assessing the risk of new chemicals
products on the ecosystem and organisms have been and xenobiotics or for the evaluation of the toxicity of
reported by several authors [1-5]. Oil pollution in environmental pollutants [14]. Such toxicity testing
whatever form is toxic to plants and soil micro-organisms techniques include genotoxicity, phytotoxicity, while
[6, 7]. According to [8] due to the toxicity, widespread toxicity  parameters  include germination, root length,
presence and complex nature of petroleum, pollution due mean lethal dose (LD ), median effective concentration
to petroleum has become a serious problem. Petroleum (EC ), etc.
hydrocarbons in soils adversely affect the germination Phytotoxicity   assays    involve     the     use   of
and growth of plants in soils [9]. Oil spills affect plants plants to determine toxicity of chemicals. It helps in
adversely by creating conditions which make essential selecting   plant   species   that   are   able   to  withstand
nutrients like nitrogen and oxygen needed for plant high  levels  of  contaminants  and  screening  out  those
growth unavailable to them. that are not able to establish themselves in such

The impacts of chemicals on the environment can be conditions as present in contaminated sites [15].
detected through toxicity testing. Toxicity tests have been According  to  Omosun  et  al. [16], the responses of
suggested as useful tools in assessing the risk of plants to pollutants provide a simple and cost effective
contaminated soil [10- 13]. Furthermore, toxicity tests have method   of    monitoring   environmental   pollutants.
been suggested as useful tools in assessing the risk of Plant bioassays such as measurements of seed
contaminated soil or to evaluate the efficacy of a germination and early seedling growth have been used to
remediation process. monitor  treatment  effects  of oil-contaminated sites [17].

determine acute and chronic effects of chemicals and for
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This  is  because  germination  and  root elongation are The number of seeds that germinated from each
two critical stages in plant development that are sensitive treatment was recorded after three days and the
to environmental contaminants [18]. Plant height and percentage germination was calculated as was described
shoot biomass are also good indicators of plant health by Njoku et al. [3]. The early seedling growth of the
and the sustenance of plant growth by the treated accessions in the different treatments were determined
substrates or soil is an indication of enhanced using the shoot length and the root length 10 days after
bioremediation [19]. the germination of the seeds as was described by Akinola

Environmental  pollutants  and  toxic  substances  are and Njoku [3]. The mitotic indices and chromosomal
assessed  with  various  organisms  [20-23].  Because of aberrations were  evaluated  using the methods of
their  stationary  nature,  plants  are  most  times preferred Odiegah et al. [25] and Inceer et al. [26] while the EC50
in  toxicity  as  their  nature  eliminates  the  fear  of was determined as was described by Akinola and Njoku
improve  identification  of  source  and  points  of [3]. Data obtained were statistically analysed with
pollution  mostly  experienced  with   use   of  animals. Graphpad prism 5.0 software using two way ANOVA
Plant bioassays such as measurements of seed followed by bonferroni posttests analysis.
germination  and  early  seedling   growth   have  been
used  to  monitor  treatment  effects  and  restoration  of RESULTS
oil-contaminated sites [24, 17].

For plant effect monitoring, pollution induced Generally more seeds germinated from the 0%
changes  in  individual  parameters  of  plants  are treatment than in the other treatments except the seeds of
quantified  and  correlated  with  the  level  of  pollutants 07/005, 08/030 and 07/151 accessions. The germination of
[16]. In this study, different accessions of Sorghum the seeds of 07/005 accession was generally more affected
bicolor  were   used   assess   the   toxicity   of   crude   oil. by all the treatments than the other accessions. The
It involved using different parameters like germination, percentage germination of the seeds in the different
root   and   shoot   lengths,   chromosomal  aberrations treatments were significantly different from each other
and  mitotic  indices.  The  study  is  also  important (p<0.001, p<0.01 and p<0.05). The percentage germination
because  the result obtained can help in the biological of seeds of 07/012, 07/125, 07/094 and 07/018 were
monitoring  of  soils  to  estimate the level of significantly lower in the 4% treatment than in the control
contamination.   It  is   hoped   that   data   obtained   will (p<0.05; p<0.01). In the 6% treatment, the percentage
help to guide both the agriculturalists on the accession germination of the seeds of 07/012 and 07/143 were
that  can  be planted in soil with different levels of crude significantly lower than in the control treatment (p<0.01;
oil contamination and the environmentalists on the p<0.001). the percentage germination of seeds of 07/012,
accession that can be tried for remediation of crude oil 07/143 and 07/094 in the 8% treatment were significantly
contaminated soils. lower than those in the control treatment at 99.9% level of

MATERIALS AND EMTHODS seeds of 07/125 and 08/001 accessions were significantly

The seeds of the accession of Sorghum bicolor used significance level.
in this study were obtained from the gene bank of The shoot lengths of the seedlings of the accessions
National Centre for Genetic Resources and Biotechnology of S. bicolor are shown in Figure 2. The shoot lengths of
(NACGRAB), Ibadan Nigeria. The accessions are 07/005, the plants did not totally follow a particular pattern
07/012, 08/001, 07/143, 07/094, 07/018, 08/030, 07/151, although the shoot length. However, the 0% treatment led
07/125 and 07/182. Viability tests were carried out on the highest shoot length in most plants while with the
seeds and ten seeds of each accession were planted in exception of 07/012, 07/125 and 07/151 accessions, all the
Petri-dishes lined with filter paper and wetted with the plants were shortest in the 8% treatment. The shoot
different concentrations of crude oil. The concentrations lengths of the seedlings of the accessions in the different
are 0.0, 2, 4, 6 and 8% obtained by mixing appropriate seedlings were significantly different from each other
volumes of crude oil with distilled water (v/v). Each (p<0.05; p<0.01 and p<0.001). The shoots of the seedlings
concentration served as a treatment and was replicated of 07/125 and 07/151 accessions were significantly shorter
thrice. in  the  4% treatment than in the control treatment (p<0.05)

significance while the percentage germination of the

lower than those in the control treatment at 99%
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Fig. 1: The percentage germination of the different accessions of Sorghum bicolor treated with different concentrations
of crude oil. Values are means ± standard error of three replicates treatments

Fig. 2: The shoot length of the different accessions of Sorghum bicolor treated with different concentrations of crude
oil. Values are means ± standard error of three replicates treatments

and (p<0.01) respectively. Also the seedlings of 07/012 treated  with  8%  crude oil was longer than the roots of
and 07/125 had shorter shoot length in the 6% treatment the seedling of the accessions of 08/030, 07/143, 07/182
than in the control treatment at p<0.001 and p<0.05 and  07/005  treated  with  the  same  concentration  of
respectively. At p<0.001, the shoot lengths of 07/012, crude  oil.  Significant  differences   exist   between  the
07/143 and 08/030 were significantly shorter in the 8% root  lengths  of the accessions treated with different
treatment than in the control treatment. The shoot length levels  of  crude  oil  (p<0.05; p<0.01; p<0.001). The roots
of the seedling of 07/018 was significantly shorter in the of the 07/143 accession in the 2, 4, 6 and 8% treatments
8% treatment than in the control treatment (p<0.01). were  significantly  shorter  than  the  roots  of  the

The roots of the seedlings of 07/012 were generally accession in the control treatment (p<0.05; p<0.01 and
shorter than the roots of other seedlings (Figure 3). p<0.001). The roots of the 07/151 in the 4 and 6%
However  the  root  of  the  seedling  of  the  accession treatments  were  also  significantly shorter than the  roots
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Fig. 3: The root length of the different accessions of Sorghum bicolor treated with different concentrations of crude
oil. Values are means ± standard error of three replicates treatments.

Table 1: The EC  crude oil on the different accession of Sorghum bicolor50

using % germination, root length and shoot length as the bioassay

parameters

Accession EC EC EC50 50 50

Germination, % Root length, % Shoot length, %

07/151 11.2 10.9 12.10

07/018 8.1 11.1 16.70

08/001 9.2 12.3 10.80

08/030 12.2 5.0 9.90

07/094 7.2 6.2 9.10

07/182 19.0 8.0 10.03

07/143 7.1 4.4 8.00

07/125 10.2 8.6 7.80

07/012 5.5 13.8 6.30

07/005 12.3 17.2 10.30

of the plant in the control treatment (p<0.001). The roots the 07/005 accession while in the other accessions, the
of the seedlings of 07/094 in the 6% treatment were also highest mitotic index was produced by the control (0%)
significantly shorter than those of the accession in the treatment.
control treatment. The   exposure    of   the   crops   to   crude   oil  led

The    effective     concentrations     that   produced the   chromosomal    aberrations.    The   8%   treatment
50%  effect   (EC )  on  the  different  accession  are led  to  more  aberrations  than  the  other  treatments.50

shown  in  Table  1.  The  07/012  accession  had  the There were vagrant chromosomes, laggard, bridged
highest   EC    of   13.8%   while   07/143   accession  had anaphase  and  c-metaphase  as  a   result   of  8%50

the  lowest  EC   of  4.4%  on   the   root   length.   The treatment  while  the  6%  treatment   led   to  the50

EC    for   the   percentage   germination   ranged   5.5% production  bridged  anaphase  and vagrant50

in the 07/012 accession to 19% in the 07/182 accession. chromosomes.  The  4%  treatment  led  to  the  production
The EC  for the shoot length was lowest (6.3%) in the of  multipolar  cells  and  cells  with  bridged  anaphase.50

07/012 accession and highest (16.7%) in the 07/018 Only vagrant chromosomes were produced by 2%
accession. treatment. Some of the aberrations due to the exposure of

The effect of crude oil on the mitotic stages of the the plants to different concentrations of crude oil are
different plants is shown on Table 2. Apart from the shown in Plate 1.

prophase stage in the 07/151, 07/182 and 08/030
accessions,  the  control  treatment  allowed  the  cells of
the plants to into the different stages of mitosis.
Treatment of the plants with the different concentrations
of crude oil led absence of one or more stages of mitosis
with the 8% treatment leading to loss of more stages of
mitosis.

The   mitotic   indices   of   the   different  accessions
of  S.  bicolor  exposed  to  different  levels  of  crude  oil
are  shown  in  Table  3.  Although with slight deviations,
the  mitotic  indices  for  the  different  accession
decreased  with  the  increase  in the concentration of
crude oil. Generally the 07/182 accession had the lowest
mitotic indices in the different treatments with crude oil
while the 08/001 accession had the highest mitotic indices.
The 2% treatment produced the highest mitotic index in
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Table 2: The mitotic stages of the different accessions of S. bicolor treated with different concentrations of crude oil

S/N Accession Mitotic Stage Control 2% 4% 6% 8%
1 07/005 Prophase % % % - %

Metaphase % % % % %
Anaphase % % % % -
Telophase % % % % -

2 07/012 Prophase % % - % %
Metaphase % % % % %
Anaphase % % % - %
Telophase % - % % -

3 07/125 Prophase % % % % %
Metaphase % % % % %
Anaphase % - - % %
Telophase % % % - %

4 07/143 Prophase % % % - %
Metaphase % % % % %
Anaphase % % % % %
Telophase % % % - -

5 07/182 Prophase - - - % %
Metaphase % % % % %
Anaphase % % % % %
Telophase % % - -

6 07/094 Prophase % % % - -
Metaphase % % % % %
Anaphase % % % % %
Telophase % % % % -

7 08/030 Prophase - - % % -
Metaphase % % % % %
Anaphase % % % - %
Telophase % % - % %

8 08/001 Prophase % % % - %
Metaphase % % % % %
Anaphase % % % % -
Telophase % % - % %

9 07/018 Prophase % % - % %
Metaphase % % % % %
Anaphase % % % % -
Telophase % % % - %

10 07/151 Prophase - - - - -
Metaphase % % % % %
Anaphase % % % - %
Telophase % % % % -

Table 3: The mitotic indices of the accessions of Sorghum bicolor exposed to different concentrations of crude oil
Accession Control 2% 4% 6% 8%

1 07/005 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 32.0 38.0 15.0 8.0 12.0
Mitotic index 3.2 3.8 1.5 0.8 1.2

2 07/012 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 25.0 14.0 12.0 18.0 10.0
Mitotic index 2.5 1.4 1.2 1.8 1.0

3 07/125 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 21.0 16.0 12.0 13.0 18.0
Mitotic index 2.1 1.6 1.2 1.3 1.8

4 07/143 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 23.0 14.0 13.0 10.0 9.0
Mitotic index 2.3 1.4 1.3 1.0 0.9

5 07/182 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 20.0 11.0 8.0 6.0 4.0
Mitotic index 2.0 1.1 0.8 0.6 0.4



a)Laggard (8%  07/125) b) C-Metaphase (8% 07/005) 

c) Vagrant (8% 07/125)  d) multipolar (4% 07/005) 

e) Bridged Anaphase (6% 07/043) f) Bridged Anaphase (4%  07/005) 
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Table 3: Continued

Accession Control 2% 4% 6% 8%
6 07/094 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0

No. of dividing cells 20.0 11.0 11.0 9.0 5.0
Mitotic index 2.0 1.1 1.1 0.9 0.5

7 08/030 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 21.0 13.0 10.0 8.0 6.0
Mitotic index 2.1 1.3 1.0 0.8 0.6

8 08/001 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 18.0 16.0 10.0 7.0 5.0
Mitotic index 1.6 1.6 1.0 0.7 0.5

9 07/018 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 27.0 19.0 15.0 13.0 10.0
Mitotic index 2.7 1.9 1.5 1.3 1.0

10 07/151 No. of counted cells 1000.0 1000.0 1000.0 1000.0 1000.0
No. of dividing cells 17.0 12.0 9.0 6.0 3.0
Mitotic index 1.7 1.2 0.9 0.6 0.3

Plate 1: Some chromosomal aberrations as a result of exposing different accessions of S. bicolor to different
concentrations of crude oil 
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DISCUSSION 07/143 accession is more sensitive to crude oil pollution

The importance of using plants to study toxicity of The inference from the EC  studies is that the root length
chemicals has been stated by several authors. In this development of the 07/143 accession will be more
study the germination, growth and the chromosomes of inhibited by crude oil pollution than the root of the other
the accessions of S. bicolor were inhibited by the accessions.
different concentrations of crude oil. This is similar to Since the growth of organisms more or less is a
what earlier studies have shown. For instance, Akinola product of mitotic division, the results of the mitotic
and Njoku [3] reported decreased germination and growth  studies  are  significant in  this  study.   The   more   or
of accessions of G. max in crude oil polluted media. less  low  mitotic indices of the accessions show that
According to Akinola and Njoku [3] the reduction of crude  oil  pollution  inhibit  cell  division  in  the
germination of the seeds of the accessions by the crude accession  and  can  also  inhibit  growth and
oil could be due to damaging of the germinating seeds by development  of  the  accessions. This means that crude
the oil or due to reduction of water imbibitions and oil is phytotoxic to S. color. From this it can be inferred
gaseous exchange by the oil which can lead to death of that the growth of 07/182 accession will be inhibited more
the seeds. than the other accessions while the 08/001 accession will

From the studies, the different accessions of S. have the least impact on its growth when exposed to
bicolor showed different sensitivity and resistance to crude oil pollution.
crude oil pollution. This can be seen on the impact of The chromosomal aberrations noticed in this study
crude oil on the germination, root length and shoot length indicate that exposure of plants to crude oil can lead to
developments  of  the plants. For instance it was noticed mutation or that crude oil apart from inhibiting plant
in this study that the seeds of 07/182 accession generally growth can act as a clastogene. The altered chromosomes
had better germination than the seeds of other accessions may possible have altered DNA and gene sequences
while the seeds of 07/012 were mostly affected by the which  will affect the survival and continual existence of
crude  oil  than  the  seeds of   the   other  accessions. S. bicolor in crude oil polluted soil. The altered
Baek et al. [27] reported similar difference in sensitivity of chromosomal structure especially vagrant and bridged
corn and red bean exposed to crude oil. Also Akinola and chromosome due to crude oil which we observed in this
Njoku [3] reported intraspecific differences in the study can also lead to improper arrangement of the
sensitivity of different accessions of G. max to crude oil chromosome strands during meiosis with subsequent
pollution. Using animals, O’Brein [28] also reported effects like aneuploidy and cell death. The results of the
difference in the sensitivity of zooplankton chromosomal analyses show that higher concentrations
(Branchionecta paladosa, D. middendofiana and of crude oil affect the chromosome and mitotic division of
Heterocope septentrionalis) to crude oil pollution. These the accessions of S. bicolor more than the lower
could be due to the difference in the genetic make up of concentrations of crude oil. This similar to what earlier
the plants [3] or due to differences in systemic uptake of researchers have reported [25, 3]. According to Akinola
oil compounds, nutrient availability and cell wall structural and Njoku [3], reduction of mitosis by crude oil can be the
differences [29]. cause of the reduced growth of the plants in the crude oil

The median effective concentration (EC ) shows the polluted medium.50

concentration of a chemical that inhibits performance in Generally, using the highest concentration (8%) as a
50% of an organism. According to Akinola and Njoku basis, the 07/012 accession showed to be the most
(2007), the different EC  values for the different sensitive accession of S. bicolor to crude oil pollution50

accessions suggest that the different accessions of S. while the 07/125 accession showed to be the most
bicolor have different abilities to withstand crude oil resistant accession of S. bicolor to crude oil pollution.
pollution. Generally, the lower the EC value the higher This means that while 07/012 accession will be good in50 

the sensitivity of an organism to environmental condition. biomonitoring of the environment for crude oil pollution,
The evaluation of EC  in this study shows that the 07/125 can be tried for its phytoremediation ability in50

germination and the shoot length development of 07/012 cleaning up crude oil polluted soils. It is our suggestion
were more sensitive to crude oil than the germination and that more studies to be carried out to evaluate the impact
shoot length of the other accessions. The results of EC of crude on the DNA of the plants. These will help to give50

studies also show that the root length development of a  clearer  insight  on the impact of crude oil on S. bicolor.

than the root length development of the other accession.
50
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There can also breeding studies on the accessions that 11. Gong,  P.,  B.M.  Wilke  and  S. Fleischmann, 1999.
had less damage on their chromosomes to produces that
can adapt better to crude oil polluted media than the ones
used in this work.
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