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Abstract 

This study evaluated the effect of petroleum crude oil contaminated soil on the mineral 

nutrient elements. The word petroleum means “rocky oil” or “oil from the earth”. 

Although exactly how crude oil originated is not established, it is generally agreed that 

crude oil is derived from the remains of animals and plants that lived in marine water 

millions of years ago.  As more layers deposited on top of one another of these remains, 

pressure and heat acting on them chemically converted the organic material into what is 

called crude oil.  Physiological effects of crude oil on plants including the seed 

germination , seedling and plant growth. Generally, crude oil contamination causes 

reduction of plant growth as it interferes with the uptake of nutrients by plants.  It also 

causes competition for the little nutrient available in the polluted soils between plants 

and soil microbes and ultimately suppresses the growth of plants in such soil. 
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Introduction 

Petroleum oil spillage on soil generally retards plant 

growth and soil productivity (Ekpo and Nwaankpa 2005, 

Ladousse and Tramier 1991, Okpokwasili and Odokuna 

1990), reduces aeration by blocking air spaces between 

soil particles, hence creates a condition of an aerobiosis 

(Rowell 1977) and causes root stress in plants, which also 

reduces leaf growth (Smith et al. 1989).  Pollution of 

agricultural soil  by crude oil has in turn significantly 

affected the growth performance of plants. Agbogidi 

(2011) reported that contamination of soil with crude oil 
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significantly reduced biomass accumulation in  some 

plants Agbogidi (2010).  

In maize, Okonokhua et al. (2007) observed that plant 

height, root number, root length and grain yield were 

adversely affected by soil crude oil contamination. 

Kekere et al. (2011) reported that crude oil pollution 

negatively affected leaf number, total leaf area, plant 

height, stem girth, total biomass as well as crop yield in 

Vigna unguiculata. They further reported a reduced leaf 

chlorophyll content, nutritional composition and elevated 

level of heavy metal uptake in the fruits. Ojimba and 

Iyagba (2012) observed that the outputs of horticultural 

crops were significantly reduced in crude oil-polluted 

farms than in non-polluted farms. They concluded that 

crude oil pollution had detrimental and negative effect on 

horticultural crops output, farm income and area of 

farmland cropped.  It has been reported that crude oil in 

soil makes it unsatisfactory for plant growth (Baek et al. 

2005). This is due to insufficient aeration of the soil 

because of displacement of air from spaces between the 

soil particles by crude oil. Udo and Fayemi (1975) 

discovered that plants growing in an oil-polluted 

environment are generally retarded with chlorosis of 

leaves, coupled with dehydration of the plant. Generally, 

crude oil contamination causes reduction of plant growth 

as it interferes in the uptake of nutrients by plants. It also 

causes competition for the little nutrient available in the 

polluted soils between plants and soil microbes and 

ultimately suppresses the growth of plants in such soil. 

 

1.1. Effects on seeds germination: 

Germination of seeds in soil polluted with crude oil may 

significantly reduce the seed germination (Ekundayo et 

al., 2001; Achuba & Peretimo, 2007; Alzway etal.,2025).  

Apparently, the hydrocarbon film created on the seed 

surface prevents the imbibitions of water and oxygen to 

the developing embryo.  The inhibition of seed 

germination in oil contaminated soil also can be directly 

or indirectly related to the presence of oil in germination 

media, furthermore Anolifefo et al., (2010) and Edema 

(2012) poor germination of seed is attributed to the 

penetrating power of the volatile fractions of oil.  In 

contact with a seed, oil would enter the seed coat and 

readily kill the embryo (Bhat et al., 2008 & Njoku et al., 

2009). The seed germination also can be indirectly 

prevented by unfavorable soil conditions such as surface 

crusts and drought conditions related to soil being 

contaminated with crude oil residues (Adam & Duncan, 

2002; Achuba, 2006).   Sharifi et al. (2007) have reported 

that the crude oil soaked cotyledons or embryo lead to 

poor germination of seeds. Many studies of the effects of 

crude oil in maize (corn) have examined the effects of 

crude on physiological parameters such as percentages of 

seed germination (Ekundayo et al., 2001; Mansour, and 

Alzway, 2021).  Seed germination of okra (Adenipekun 

et al., 2009), soybeans (Agbogidi et al., 2006) and 

Amaranths hybridus under the effect of oil (Odjegba & 

Sadiq, 2002; Agbogidi & Edema, 2011; Alzway and 

Mansour.,2024) plant species were delayed in due to the 

soil polluted with crude oil.  Generally, petroleum 

hydrocarbon contamination causes retardation of seed 

germination (Pezeshki et al., 2000; Omosun et al., 2008) 

and resulted in adverse biological effects (Edema, 2012).  

Some researchers consider naphthalene as a more 

important source of crude oil toxicity than low molecular 

weight aromatics. It is believed that the low boiling point 

unsaturated hydrocarbons such as benzene, toluene, 

xylene and naphthalene, can reduce the level of nutrient 

availability plant nutrient in contaminated soils (Sverdrup 

et al., 2003) and can also increase the levels of other 

elements such as iron and zinc (Kekere et al., 2011) are 

the most toxic components in crude oil (Eriyamremu et 

al., 2007).  Generally, the entrance of crude oil into the 

environment through either the natural seepage or 

spillages has caused a lot of problems to the polluted 

sites.  Gasoline on the other hand is a complex mixture of 

organic compounds and it also has been shown to be 

toxic to plants and delayed the seed germination (Trapp et 

al., 2001; Anon, 2003).  Germination and root elongation 

are two critical stages in plant development that are 

sensitive to environmental contaminants.  Plants  that  are  

able  to  germinate  successfully and  tolerate  the  

contaminant  are considered tolerant plants (Ogbo, 2009., 

Mansour., etal .,2021).
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2.1. Effects on Seedling:  

Petroleum hydrocarbon contamination may affect plants 

by retarding seedling growth and development (Pezeshki 

et al., 2000). The percentages of seedling emergence of 

the maize under the effect of water soluble fraction of 

crude oil were decreased as the level of contamination 

increased.   Seedling growing on contaminated soil with 

water soluble fractions exhibited the lowest rate of 

seedling emergence (Njoku et al., 2012; Alzway 

etal.,2025).  Bioassays such as measurements of early 

seedling growth have been used to monitor the bio effects 

of oil contaminated sites (Dorn & Salanitro, 2000; 

Agbogidi, 2011, Alzway etal.,2025).  The effects of crude 

oil contaminated soil at several sublethal biochemical 

processes such as chlorophyll contents in the leaves of 

cowpea were decreased under oil contaminated sites 

(Anon, 2003).   With respect to grass species, the work by 

Merkl et al., (2004) and Alzway & Mansour.,2024  

suggests that grasses such as rye grass and Amaranthus 

hybridus are fairly tolerant (Jyoti & Chaudhry, 2012).  

 

3.1. Plant growth:  

Oils vary in their toxicity according to the content of 

unsaturated compounds, aromatics, and acids.  The higher 

the concentration of these constituents, the more toxic the 

oil (Kekere et al., 2011).  The effects of oil pollution vary 

according to the type, time and age of the plant species 

(Edema, 2012).  Oil polluted soils are not well ventilated 

which in turn decrease plant growth and development 

(Victor & Sadiq, 2002).   Oil pollutions reduce some 

plant growth parameters such as plant height, leaf 

number, leaf surface, plant fresh and dry weight and 

biomass (Omosun et al., 2008), photosynthetic pigments 

and also nutrient absorption (Rosso et al., 2005).  Plant 

responses to oil pollution are different and depend on 

plant species, type of oil, amount and concentration, 

exposure times and environmental conditions (Pezeshki 

et al., 2000; Spiares et al., 2001; Zangh et al., 2007; 

Besalatpoor et al., 2008).   Although the effects of the 

individual petroleum products on plants have been 

evaluated by many reports (Victor & Sadiq, 2002; 

Omosun et al., 2008), limited information's are available 

on the combined effects of different petroleum products 

on plant species.  There is the need to study the combined 

effects of petroleum products on plants because most of 

them are present in an environment at the same time 

(Pezeshki et al., 2000; Akaninwor et al., 2007).  Crude oil 

is phytotoxic because it creates unsatisfactory conditions 

for plant growth ranging from heavy metal toxicity to 

inhibited aeration of the soil.  In general petroleum 

derivatives such as diesel  fuels,  are  phytotoxic  to  

plants  at  relatively  low concentrations.  At  levels  

below  this  phytotoxic  level,  the  development  of  

plants  grown  in  diesel  fuel contaminated  soil  differs  

greatly  from  plants  grown  in  normal  soil  conditions  

(Njoku et al., 2009; Mut et al., 2010).  On the other hand, 

salicornia and black nightshade  plants can be relatively 

resistant to oil pollution (Meudes et al., 2005, 

Hamaden,.2021).  Environmental pollution of crude oil 

has been shown to have adverse effects on plant growth 

(Opeolu, 2000).  Toxicity symptoms observed in plants 

exposed to oil pollution include chlorosis, necrosis, 

stunted growth, suppression of leaves, and reduction in 

biomass, and large stomatal abnormalities. When oil 

coats plant leaves, it can block stomata and reducing the 

photosynthesis of plants (Adenipekun et al., 2008).   The 

presence  of  petroleum  hydrocarbons  in  soils  has  a 

negative  impact  on plant  growth  and  development 

(Das & Mukherjee, 2007).  Their  harmful  effects  

include  inhibition  of plant growth,  reduction  of  

photosynthetic  pigments;  slowdown  of  nutrient  

assimilation  and reduction  in the growth of  roots  and  

aerial  organs.   It  is  also  postulated  that  some  

fractions  of  petroleum  can  dissolve biological 

membranes and as a consequence, disrupt the plant root 

structure (Peng et al., 2009).  It is known that roots under 

stress reduce leaf growth via stomatal conductance 

(Ekundayo et al., 2001).  The anatomy of plants have 

been  used to monitor the environmental pollution for 

example Victor & Sadiq (2002) have reported 

morphological and stomatal abnormalities as an effect of 

environmental pollution on plants.  Also (Zhang et al., 

2007) reported that stomata in Chromolaena odorata 

were greatly affected by crude oil which showed a 

reduced number of stomata per unit area of the leaf 

(Anoliefo et al., 2003). Oils reduce transpiration rate, 
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probably by blocking stomata and intercellular spaces. 

This may also be the reason for the reduction of 

photosynthesis through the disruption of chloroplast 

membranes (Joner et al., 2004).  Oils may inhibit 

translocation probably by physical interference with 

mineral up take.  The severity of the above effects 

depends on the composition and amount of oil, 

environmental conditions and plant species . According 

to Ekundayo et al. (2001) and Njoku et al. (2008a) 

growth of plants growing in oil polluted soil was 

seriously retarded and chlorosis of leaves coupled with 

dehydration of the plants indicating water shortage.   

High amounts of heavy metals in spent crude oil may be 

one cause of the retarded growth and chlorosis of leaves 

of plants growing in oil polluted sites (Kekere et al., 

2011). Leaf chlorophyll contents and growth of okra were 

adversely and severely affected by oil concentration 

above 2 % (Eriyamremu et al., 2007).  Crude oil spills 

into the soil affects have reduced the germination, plant 

physiology and ultimately the growth and anatomical 

development of plants, and also nutrient uptake as well as 

water availability to plants (Agbogidi & Nweke, 2005).   

Generally, crude oil contamination causes reduction of 

plant growth as it interferes with the uptake of nutrients 

by plants. It also causes competition for the little nutrient 

available in the polluted soils between plants and soil 

microbes and ultimately suppresses the growth of plants 

in such soil (Johnson et al., 2005). Cell membranes are 

damaged by penetration of hydrocarbon molecules, 

leading to leakage of cell contents (Agbogidi & 

Eshegbeyi, 2006).  At the cellular level, plants exposed to 

diesel oil show signs of oxidative stress, as well as 

degradation of chlorophyll.   Moreover, an increase in the 

production of stress-related phytohormones, 

accumulation of toxic substances in plant tissues and, in 

consequence, a decrease in their total size and biomass 

production are also observed (Njoku et al., 2008 a; 

(Njoku et al., 2008b).  Grasses  are  sometimes  used  to  

remediate  chemically  contaminated  soils, because  their  

root  systems  are  extensive  and  fibrous (Ogbo, 2009, 

Hamaden,.2021).   The fibrous root system forms a 

continuous, dense rhizosphere, which provides ideal 

conditions for phytoremediation (Adam & Duncan, 

2002).  Found that rhizomatous plants had a high ability 

to recover after oil spills.   Other workers also have found 

rhizomatous plants to have an advantage over non 

rhizomatous species in ability to recover following an oil 

spill (Teng et al., 2010). The literature also suggests that 

perennial plants generally are fairly resistant than 

annuals, also found the effect of crude oil to be more 

severe on herbaceous species and attributed this to their 

high degree of succulence coupled with their non-

rhizomatous habit (Parrish et al., 2005; Kathi & Khan, 

2011). Additionally, Parrish et al. (2005) have postulated 

that halophytes are able to absorb significant amounts of 

aromatic hydrocarbons (Pezeshki et al., 2000; Spiares et 

al., 2001;  Shanid 2007;  Besalatpoor et al., 2008 and  

revealed higher levels of total soluble sugars, proteins and 

free amino acids when grown in hydrocarbon polluted 

soil, than those grown in control soil.  However, the 

chlorophyll contents were significantly lower in plants 

grown in petroleum contaminated soil compared to 

control plants (Peretiemo & Achuba, 2007).   It has been 

also reported  that  crude  oil  pollution negatively  

affected  leaf  number,  total  leaf  area,  plant  height,  

stem girth  as  well  as  total  biomass  yield  in cowpea 

(Ojimba & Iyagba,  2012).   The decrease in the growth 

rate of cowpea also showed in stem height, leaf number 

and percentages protein of contents with increasing crude 

oil applications (Kaure et al., 2012). They concluded that 

crude  oil  pollution  had  detrimental  and  negative  

effects  on  plant species production (Njoku et al., 2009) 

reported that addition of natural fertilizer generally 

improved plant growth, leaf  area,  dry weight, 

chlorophyll  contents,  and  pod  production  in Glycine 

max  grown  in  soil  contaminated  with  various 

concentrations of crude oil. Crude oil pollution had a 

significant profound effects on the growth of soybeans 

plant at various treatments of (Mubeen et al., 2012). 

Researchers recorded a reduction in growth rate and leaf 

chlorophyll contents of beans and wheat by as much as of 

80 % caused by the effect of petroleum hydrocarbons 

(Sodaeizadeh & Hosseini, 2012). It is believed that 

Allophylus edulis is a tolerant species and therefore 

important for restoring the vegetation of areas 

contaminated by petroleum hydrocarbons. Has good 
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natural regeneration ability and fast regrowth, with longer 

root length than in non-contaminated soil (Adenipekun et 

al., 2008). Tolerant plant species are more likely to 

survive, which can change the makeup of a plant 

community. For example, observation of various species 

Spartina (cordgrass) in a brackish marsh after a crude oil 

spill in South Louisiana showed that some species 

recovered from exposure to oil more readily than others.   

Spartina alterniflora displayed the best regrowth and also 

the greatest increase in growth after the spill, suggesting 

that this species was more tolerant to oil than other cord 

grass species in the same area (Merkl et al., 2004).  Also 

fruit plants such as strawberry also have a high ability to 

recover following an oil spill.  Vegetable plants such as 

tomatoes and lettuce are considered to be fairly sensitive 

(Ojimba & Iyagba, 2012) but parsnip was fairly tolerant 

to light oil sprays. Grasses found to be fairly tolerant 

(Victor & sadiq, 2002, Alzway & Mansour.,2024  ). With 

respect to cultivated plant species such as barley , oats 

and wheat, the work by Grażyna et al. (2005, Mansour. 

etal .,2021 ) indicated that oats and wheat are fairly 

tolerant  and barley, was the most sensitive (Dorn & 

Salanitro, 2000: Eze et al., 2012).   Based on the 

literature, the tolerance of plant species such as corn is 

not well known.  

 

2.  Mechanism of action of crude oil: 

Plant responses to oil pollution are different and depend 

on plant species, oil kind, amount and concentration, 

exposure times and environmental condition (Pezeshki et 

al., 2000; Spiares et al., 2001; Zangh et al., 2007; 

Besalatpoor et al., 2008).  Soil polluted by crude oil have 

been found to inhibit plant growth (Agbogidi, 2011) 

resulting in hypoxic state of the soil the displacement of 

air from the soil pore spaces by the crude oil.   Soil 

polluted with petroleum (Adedokun & Ataga, 2007; 

Besaltpour et al., 2008).  Changes  in  soil  properties  

due  to  contamination  with petroleum derived  

substances  can lead  to  water and  oxygen  deficits  as  

well  as  to  shortage  of  available  forms  of  nitrogen  

and  phosphorus (Njoku, 2008).  The seed germination 

also can be indirectly inhibited by unfavorable soil 

conditions such as surface crusts and droughty soil 

conditions related to soil being contaminated with oil 

(Adam & Duncan, 2002). After penetrating into a plant, 

the oil may travel in the intercellular spaces and possibly 

also in the vascular system. Cell membranes are damaged 

by penetration of hydrocarbon molecules, leading to 

leakage of cell contents.  Oils reduce transpiration rate, 

probably by blocking stomata and intercellular spaces.  

This may also be the reason for the reduction of 

photosynthesis.   The effects of oils on respiration rates 

are variable, but an increase of respiration rate often 

occurs.   Oils inhibit translocation probably by physical 

interference with ion up take.  The severity of the above 

effects depends on the constituents and amount of the oil, 

on the environmental conditions, and on the species of 

plant involved (Spiares et al., 2001).  Whether or not a 

plant survives upon exposure to oil depends on what parts 

of it are damaged.   It  is  also  expected  that  some  

fractions  of  petroleum  can  dissolve biological 

membranes (Peng et al.,  2009).  At the cellular level, 

plants exposed to diesel oil show signs of oxidative 

stress, as well as degradation of chlorophyll. Moreover, 

there is an increase in the production of stress-related 

phytohormones, accumulation of toxic substances in plant 

tissues and a decrease in their total size and biomass 

production (Lin & Mendelsshohn, 2009). The oil with 

low viscosity will distribute in the soil and penetrate the 

roots more than the high viscous oil (Treutter, 2006).  

Many researches showed that the presence of the oil 

resides in the soil has negative effects on the plant 

metabolism and protein synthesis (Richard et al., 2007; 

Teng et al., 2010).  Oil pollution has damaging effect on 

the entire ecosystem and makes the soil condition 

unfavorable for plant growth due to reduction in the level 

of plant nutrient availability or rise in the toxic levels of 

certain elements (Ekpo & Nwaankpa, 2005; Okpokwasili 

& Odokuma, 2007; Besaltpour et al., 2008; Bamidele & 

Igiri, 2011).  Oil polluted soils are not well ventilated and 

lead to a decrease in plant growth and development 

(Victor & Sadiq, 2002).  Oil pollutions reduce some plant 

growth parameters such as: plant height, leaf number, leaf 

surface, plant fresh and dry weight, biomass (Omosun et 

al., 2008), photosynthetic pigments and also nutrient 

absorption (Rosso et al.,  2005).   
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Plants are highly susceptible to oil exposure and this may 

kill them within a few weeks to several months.  There 

are several plant species that are capable of growing in 

soils polluted with hydrocarbons and they participate in 

their degradation through the rhizosphere, part of the 

root, which favours the growth of several microorganisms 

and increases biomass and microbial activity, accelerating 

degradation processes of crude oil (Quinones-Aquilar et 

al., 2003; Baek et al., 2005. Mansour etal,2021. Alzway. 

& Mansour .,2024).   Presence of crude oil in soil as a 

factor of stress has negative effects on catalase, invertase 

and amylase activities in plant seedlings.   Addition of 10 

% crude oil may inhibit invertase and amylase activities 

(Inoni et al., 2006). Crude oil induced environmental 

stress up on the plant seedlings. This is indicated by the 

increase in free sugar, total protein and amino acids and a 

decrease in chlorophyll contents of the leaves seedlings.  

The activities of total amylase and starch phosphorylase 

from the cotyledon and mitotic activity of the meristems 

of the root seedling were inhibited by the various 

concentrations of crude oil (Bamidele & Agbogidi, 2000).  

Increased level of catalase activity is an indication of 

increased production of free radicals by exposing plants 

to crude oil. While decrease in activities of detoxification 

mechanisms of hydrogen peroxide can generate severe 

cell damage due to increase production of toxic oxygen 

radicals (Edema, 2010). Pollution caused by petroleum is 

one of the most serious problems worldwide. Urease, 

protease, invertase, lipase and dehydrogenase activities 

were significantly reduced in plants exposed to oil 

contaminated soils (Palese et al., 2003).  Information 

concerning enzymes activity studies in oil contaminated 

soils are still not engh to this direction. 

 

4.  Conclusion: 

In this study, the effect of petroleum crude oil 

contaminated soil on the growth  and The changes in soil 

properties and the rhizosphere bacterial biomass .Oil 

pollution in whatever form is toxic to some plant species 

and their environment has been observed by many 

researcher workers that crude oil affects soil properties  

and this in turn affects the physiological, anatomical and 

development of plants grown on such soils. The 

germination process is a very extremely sensitive phase 

in plant growth and development, being indicative to any 

type of environmental contaminants.
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