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Abstract 

Vigna unguiculata (bean) seeds were treated with 0%, 2%, 5% 10% crude oil fractions [whole crude (WC), water soluble 

fraction (WSF) and water insoluble fraction (WIF)] for 21 days. Crude oil stress in some plant species leads to the formation of 

reactive oxygen species (ROS). However, evidence are lacking and very limited studies explore the measurement of 

mitochondrial respiration in developing plants during environmental stress. This study investigated the growth and 

mitochondrial respiration rate in bean seeds exposed to crude oil. Experiments carried out in equal amounts of developing roots 

after 7, 14, and 21 days post germination (DPG) were performed to determine plant height, radicle/root length and 

mitochondrial respiration rate. After 21 DPG, seedling height of bean in 10% WC, WSF, and WIF decreased significantly. 

Radicle/root lengths of bean seedlings in 10% WC, WSF and WIF at 7 DPG, also decreased. Decreased respiration rate was 

observed in the roots of bean in different crude oil fractions when compared with control but this was not found to be 

significant (P<0.05) with increase in crude oil contamination or increase in DPG. In conclusion, the germinating seedlings 

revealed reduced growth and development with display of morphological and biochemical variations in the radicle/roots in 

crude oil stress. We suggest that reduction of root length and mitochondrial respiration rate of the bean seedlings may be 

responsible for the observed decrease in growth and development in crude oil stress. There is a need for public enlightenment 

on the deleterious effects of crude oil spills in the environment and law for proper clean-up. 
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1. Introduction 

Seed germination is a systemic response that involves two-

directional interactions between the embryo and endosperm. 

It involves a series of physiological, biochemical and 

morphological changes. It is highly related to seedling 

survival rate and subsequent vegetative growth and therefore 

directly affects growth, development and quality. 

Germination involves many events, such as proteolysis, 

synthesis of macromolecules, respiration, changes in 

subcellular structures and cell elongation [1]. 

Germination and metabolic activities in a seed is initiated 

when the seeds imbibe water which mobilises storage 

reserves. This results in increase in respiration rate with the 

generation of adenosine triphosphate (ATP) [2 - 7]. Attucci et 

al, suggested that the metabolic source of ATP in 

germinating embryos in some plant species fully functional 

mitochondria are present in the dry seed [8] whereas 

Raymond et al, suggested that some other plant species, 

synthesise ATP as a product of fermentative pathways during 
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the earliest stages of water uptake (imbibition) [9]. 

Adenosine triphosphate (ATP) synthesis is proposed to be a 

prerequisite for de novo synthesis and assembly of functional 

mitochondria. However, the number of functional 

mitochondria in storage tissues increases in parallel with 

increases in the rate of respiration and this has been 

suggested to result from the activation of preformed 

mitochondria through import of existing polypeptides in the 

cytoplasm or de novo synthesis of mitochondrial proteins [7]. 

The primary function of the mitochondria (singular: 

mitochondrion) is the production of adenosine triphosphate 

(ATP), a primary cellular energy substrate. They are also 

involved in calcium regulation, generation of reactive oxygen 

species (ROS), uncoupling, and play an important role in 

apoptosis mediated by cytochrome c [2 - 4]. Since the 

mitochondria is the centre of cellular function and energy 

production in living systems, it is involved in a wide range of 

diseases, ranging from acute illnesses such as sepsis and 

poisoning which may result in bio-energetic dysfunction [2 - 6]. 

Mitochondrial respiration is a process which involves oxygen 

consumption. It converts the chemical energy stored in 

carbon substrates into a chemical energy (ATP) that the cell 

can use [4, 5]. Mitochondria has been shown to be a major 

source of reactive oxygen species (ROS) formation and have 

been proposed to integrate cellular responses to stress which 

may participate in the oxidative burst in plants [4]. During 

respiration, molecular oxygen may undergo a univalent 

reduction at the sites of ROS generation in complexes I and 

III of the respiratory chain, forming superoxide, which 

subsequently dismutates to hydrogen peroxide [4, 7]. 

Environmental stressor such as heavy metals, pesticides, 

crude oil, etc, have been shown to reduce percentage seed 

germination and growth of some plant species [10, 11]. 

Crude oil has also been shown to produce oxidative stress in 

the radicle of germinating maize, as a result of alterations in 

enzymatic antioxidant defences, leading to an increase in 

ROS [3 - 7], accumulation and peroxidation of lipids, 

proteins and nucleic acids [10, 11]. Despite extensive 

research on the effects of biotic and abiotic stressors in plant, 

there are very limited studies that explore the measurement 

of mitochondrial respiration in crude oil stress. This study 

investigated the growth and mitochondrial respiration rate in 

bean seeds exposed to crude oil. 

2. Materials and Methods 

2.1. Study Location 

The study was carried out in the University of Benin, Benin 

City, Nigeria. The soil from an uncultivated land with no 

known crude oil contamination as well as soil where there 

was crude oil contamination was collected from Ubeji, Delta 

State, Nigeria. 

2.2. Crude oil and Fractionation 

The crude oil known as Bonny Light (
o
API (American 

Petroleum Institute) gravity =37) was obtained from Warri 

Refinery and Petrochemical Company, Delta State, Nigeria. 

A portion of the Bonny Light crude oil (WC) was 

fractionated by the method of Anderson et al, into water 

soluble fraction (WSF) and water insoluble fraction (WIF) 

[12]. For the fractionation, a 1:2 dilution of 200ml of crude 

oil was put in a 1 litre conical flask and constantly stirred 

with a magnetic stirrer (HJ3D Constant Temp., B. Bran 

Scientific and Instrument Company, England) for 48h. The 

WSF then separated from the WIF in a separating funnel. 

2.3. Soil Sampling and Treatment 

Plastic spade was used to dig holes at five different points 

(depth of 0 – 15cm) in an uncultivated land which does not 

have a history of crude oil contamination in Delta State. The 

soil samples was collected and a composite made by mixing 

thoroughly equal amounts of soil from each point and 

weighed into polythene bags such that each bag contained 

500g soil. The composite soils were treated with either 

distilled water (Control); WC, WSF or WIF of the crude oil. 

Each 500g soil was treated with either 10ml, 25ml or 50ml of 

crude oil to obtain 2%, 5% and 10% v/w crude oil 

contamination. Soils were also collected from Ubeji 

Community, Delta State, where there was crude oil spillage. 

This spillage soil referred to as Ubeji, served as test control 

2.4. Seed Viability. Planting and 

Germination 

Bean (V. unguiculata) seeds identified as ITA 189 - 288 

cultivar were collected from the Department of Corp Science, 

University of Benin, Benin City, Nigeria. Seed viability was 

measured by the floatation method. The seeds were placed in 

a beaker containing tap water and stirred. The seeds that did 

not float were regarded as viable seeds. Three viable bean 

seeds were planted in each bag according to the method of 

Vavrek and Campbell [13]. The time and number of seeds 

that germinated from each bag was noted and the percentage 

germination (% germination) in each treatment was 

calculated using the formula: 

% germination =
number of seeds that germinated x 100

number of seeds sown
 

Equal amounts of seeds that germinated were harvested at 

day 7, 14 and 21 and their roots recovered for analyses. 

2.5. Biochemical Analyses 

A modification of Douce et al, was used for the isolation of 
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mitochondria from the roots of germinating bean seedling 

[14]. The radicle was homogenized in ice-cold extraction 

medium (Sucrose 0.25M, EDTA 5mM, EGTA 1mM, 

dithioerythritol 1mM, BSA 0.1%, polyclar-AT 0.6%, in 

HEPES-TRIS 10mM pH.7.4). The homogenate was filtered 

with a clean white cloth and the mitochondria immediately 

separated from the cytoplasmic fraction by centrifugation at 

15,000g for 10mins. The resulting crude mitochondrial pellet 

was resuspended in a solution (Sucrose 0.25M, EDTA 5mM, 

EGTA 1mM, BSA 0.1% in HEPES-TRIS 10mM pH.7.4) and 

centrifuged at 600g for 5 minutes to remove nuclei and heavy 

cell debris. This washing procedure was repeated twice. The 

washed crude mitochondria was resuspended in another 

solution (Sucrose 0.25M, EGTA 30mM, in HEPES-TRIS 

10mM pH.7.4) and stored in ice. The sample obtained was 

used for determination of respiration rate. 

Respiration rate was determined using spectrophotometric 

analysis [15]. 

A quantity (0.5g) of root in 100 µl
 
of 100 mM Tris, pH 7.4, 

was homogenized with 2% Triton X-100 in the
 
presence of a 

protease inhibitor mixture. Optical spectra from
 
400 to 700 

nm of the oxidized (by 10 µM ferricyanide)
 
and reduced (by 

a few grains of dithionite) samples were recorded
 
in a micro 

volume (50 µl) cuvette. The baseline drifts
 
because of the 

residual turbidity of the suspension was largely
 
removed by 

differential analysis (reduced minus oxidized) and
 
further 

corrected for a polynomial baseline passing throughout
 
the 

cytochromic isosbestic points. 

2.6. Quality Control 

Accuracy and reliability was maintained by using analytical 

grade (BDH or Sigma) reagents for preparation of standard 

solutions and analyses. All glasses and plastics were acid-

washed. Buck scientific standard solutions were used to 

calibrate equipment. Procedural blank samples were 

subjected to similar extraction method using the same 

amounts of reagents. 

2.7. Data Analyses 

The result of three replicates was expressed as mean plus or 

minus (±) standard error of mean (SEM). Analysis of 

variance was used to test for differences in the groups while 

Duncan’s multiple comparisons test was used to determine 

significant differences between means. The Instat-Graphpad 

software, San Diego, California, USA, was used for this 

analysis. A P < 0.05 was considered statistically significant. 

3. Results and Discussion 

The constituents of petroleum oil are generally hydrophobic 

in nature and their presence hinders water from spreading 

homogeneously in soil. Crude oil therefore exposes plants to 

water stress, nutrient and oxygen deficiency, toxicity and 

mechanical impedance causing delayed seed emergence [10, 

16, 17]. 

The study observed that seeds in WC, WSF, WIF (which had 

10% soil contamination and Ubeji) germinated two days after 

the ones in 2% and 5% contaminant levels. The seedlings in 

the uncontaminated soil (i.e., controls) grew better than those 

in the different fractions of contaminated soil samples. The 

mean values obtained were higher for control (0%) and 

progressively decreased from 2-10% (Table 1). Treatments 

with fractions derived from crude oil contaminated soils 

resulted in growth inhibition. Similar inhibition of 

germination and growth were recorded by other researchers 

[10, 11, 17, 18]. 

The effects of different concentrations of crude oil and its 

fractions on the rate of germination and growth of V. 

unguiculata after 21 days post germination (DPG), reveals 

percentage decrease of between 30% to 50% in the seedling 

height of V. unguiculatain 10% WC, WSF, and WIF 

respectively when compared with control (Table 1, Figure 1 

(a - h). 

Table 1. The effects of different concentrations of crude oil and its fractions on the rate of germination and growth of bean (Vigna unguiculata) seedlings. 

 
Control WC WSF WIF Ubeji 

21 Days Post Germination  

No of seeds planted 100 100 100 100 100 

2% Contamination  

% germination 100 60 72 56 37 

PH (cm) 39.2±2.4a 27.6±1.2b 23.3±0.4c 26.8±0.4c 13.7±0.3d 

RL (cm) 1.8±0.9a 1.2±0.1b 1.6±0.1c 1.0±0.2d 1.6±0.1e 

RaL (cm) 3.0±0.3a 2.3±0.2b 1.7±1.3c 0.8±0.1d 0.6±0.7d 

5% Contamination  

% germination 100 47 59 40 37 

PH (cm) 39.2±2.4a 24.3±1.5b 21.5±0.3b 19.9±0.1bc 13.7±0.3c 

RL (cm) 1.8±0.9a 1.1±0.01b 1.6±0.01c 0.8±0.1d 1.6±0.1e 

RaL (cm) 3.0±0.3a 2.2±0.3b 1.3±0.4c 0.5±0.5d 0.6±0.1d 

10% Contamination  

% germination 100 37 42 27 37 

PH (cm) 39.2±2.4a 13.7±0.4b 18.2±2.4c 13.6±0.2b 13.7±0.3b 
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Control WC WSF WIF Ubeji 

RL (cm) 1.8±0.9a 2.4±0.1b 1.3±0.1c 0.2±0.2d 1.6±0.1b 

RaL (cm) 3.0±0.3a 0.6±0.1b 1.3±0.1c 0.4±0.1bc 0.6±0.1b 

Values are mean of three (n=3) replicates ± standard error of mean, PH = Plant height; RL= length of root; RaL= length of radicle. Means of the same row 

carrying different notations are statistically different at P<0.05 using Instat graphpad 

 

Figure 1. Root of bean seedlings 2 weeks post germination in control (a), 5% whole crude oil [WC (b)], 5% water soluble fraction [WSF (c)] and 5% water 

insoluble fraction [WIF (d)], 10% whole crude oil [WC (e)], 10% water soluble fraction [WSF (f)], 10% water insoluble fraction [WIF (g)] and Ubeji (h) crude 

oil contaminated soil. 
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The possible delay in seed germination may be related with 

the hydrophobic property of crude oil that may cut the light 

and affect absorption of oxygen. Omosun et al, reported that 

the inhibition of seed germination may be due to poor 

wettability and aeration of the soil and loss of seed viability 

[18]. There is no adequate information regarding the precise 

mechanisms affecting reduction in germination rate and 

shoot height, however, several mechanisms suggested by 

some researchers include less than 3 rings of volatile 

fractions found in crude oil [19] and polycyclic aromatic 

compound (PAHs) [20]. The reduction in germination rate 

could have resulted from coating of oil on seed surface, 

thereby affecting physiological functions within the seed [10, 

21]. 

Mitochondrial respiration is important in determining the 

growth and survival of plants. Most of the energy and carbon 

skeletons necessary for biosynthesis and cellular maintenance 

are produced by plant respiration. Under some conditions 

(e.g. excess irradiance) respiration may also help to minimize 

the formation of the potentially damaging ROS through the 

oxidation of excess cellular equivalents. Respiration is also 

crucial for (1) the production of ascorbate (vitamin c), a 

necessary component of the protective xanthophyll and 

gluthatione cycles, (2) the maintenance of photosynthetic 

activity, largely because of energy demand of carbohydrate 

synthesis, and (3) regulating pathogen defence processes [4, 

22]. 

The results showed decreased respiration rate in the root of 

bean in the crude oil contaminated soil and Ubeji when 

compared with control but this was not found to be 

significant (P<0.05) with increase in crude oil contamination 

or increase in days post germination (Table 2). 

Table 2. Effects of different concentrations of crude oil and its fractions on crude mitochondrial respiration rate in bean seedlings. 

Days /Sample Control WC WSF WIF UBEJI 

2% Contamination      

7 0.021±0.01a 0.013±0.01b 0.017±0.01c 0.010±0.01bd 0.003±0.01e 

14 0.024±0.01a 0.021±0.01a 0.023±0.01a 0.015±0.02b 0.006±0.01c 

21 0.029±0.01a 0.027±0.01ab 0.032±0.01ac 0.019±0.02d 0.007±0.01e 

5% Contamination  

7 0.021±0.01a 0.009±0.01b 0.011±0.01bc 0.007±0.01bd 0.003±0.01e 

14 0.024±0.01a 0.014±0.01b 0.014±0.01b 0.008±0.02c 0.006±0.01d 

21 0.029±0.01a 0.019±0.01b 0.021±0.01b 0.009±0.02c 0.007±0.01d 

10% Contamination  

7 0.021±0.01a 0.005±0.01b 0.009±0.01c 0.003±0.01d 0.003±0.01d 

14 0.024±0.01a 0.006±0.01b 0.012±0.01c 0.006±0.02b 0.006±0.01b 

21 0.029±0.01a 0.009±0.01b 0.014±0.01c 0.008±0.02b 0.007±0.01b 

Values are mean of three (n=3) replicates ± standard error of mean, WC = Whole Crude. WSF = Water Soluble Fraction of crude oil, WIF = Water Insoluble 

Fraction of crude oil, Crude mitochondrial respiration rate = µmole of O2 consumed/min/mg protein. Means of the same row carrying different notations are 

statistically different at P<0.05 using Instat graphpad. 

Since the fraction of carbohydrate that is lost through 

respiration determines the overall metabolic efficiency of the 

plant, it is likely that the reduction in crude mitochondrial 

respiration rate may have resulted from the reduction in 

energy production in the switch to anaerobic respiration [5, 

23] and reduced utilization of carbohydrate, starch and 

glucose. The root is a major consumer of carbon fixed in 

photosynthesis and uses it for growth and maintenance, and 

matter production. Plant growth and developmental processes 

as well as environmental conditions affect the rate of 

respiration [4, 24]. 

4. Conclusion 

The different crude oil fractions provoke morphological and 

biochemical changes in the radicle/roots of V. unguiculata 

and induced a general decrease in seedling height, 

radicle/root length and reduction in respiration rate. We 

suggest that reduction of root length and respiration rate of V. 

unguiculata seeds in crude oil stress is responsible for the 

decrease in growth and development. However, further 

studies are needed to help define the mechanisms of the 

morphological and biochemical variations in the roots. We 

also recommend the need for public enlightenment on the 

deleterious effects of crude oil spills in the environment and 

law for proper clean-up. 
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