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ABSTRACT

Crudeoil polluted soil in most casesdo not yield good harvest for farmers. However,
considering thegrowing need for food and other agricultural products, itisimperative
to explore ways of utilizing the available farm land at our disposal. Hence, this
experiment isset to eval uate the effects of compostsand NPK fertilizer onthe performance
of maize plant in crude oil polluted soils. The sitefor thisexperiment was polluted with
crude oil fromthe area. The polluted soilswere later treated after two weeks with
different composts composition (PW+ SD + CR), (MW+ D + CR), (CD + SD + CR)
andfertilizer and | ft for two weeks before mai zewer e planted on the soils. Germination
started very fast fromthe soil supplemented with fertilizer but growth related parameters
plant height, stemgirth, leaf area and number of |eaves wer e noticed morein maize
plants from soil treated with (PW + SD + CR). The order of performance and
improvement by thetreatmentswas asfollows: (PW+ SD + CR) > (CD + SD + CR)
> (MW+ CR+ D) > (Fertilizer) except in number of leaves. The performance of
maize 5 WAP reflected that thetoxicity of the crude oil had reduced and that the crude
oil hasbeing degraded with the residual crude oil added more organic matter to the
soil and growth of the plants. The growth parameter s of the mai ze wererecorded and
later harvested ten weeks after planting and their tissues analyzed for heavy metals
possibly assimilated through devel opmental stages. Analysisof the plant tissues does
not reflect any uptake of heavy metals in the soil by the maize plants. This study
conclusively reveal ed that the adver se effect of crude oil can be cured using organic
compost than theinorganic fertilizer that may havetoxic and adver se effectson crops.
Keywords: Crudeoil, Soil pollution, Remediation, Composts, Heavy metals.

INTRODUCTION

Exploration and production of crudeoil, in Nigeriawas envisaged to generate strong
economic foundation for the country and better dwelling placefor human and other
living organisms. Onthe contrary, crude oil exploration hasbrought untold hardshipto
peoplelivingintheail producing arearegarding their hedth and living satus. Therefore
the achievement of sustainable and habitabl e environment cum environmental ly sound
agricultureinthefragile, inherently infertilesoil withlow productivity remainsoneof the
greatest challengesfacing people, most especialy inoil producing areaof Nigeria. Soil
actsassink for unpleasant materialsand function asafiltering, buffering, storageand
transformation system, thusit protect against the effects of elementspollution (Blum,
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Warkentin, and Frossard (2006). Soil issignificantly effectiveinthesefunctionsonly
aslong asthephysical, chemical anditsbiological activitiesare preserved. Chemical
properties of soilsareimportant soil characteristicsthat regul ate the availability of
elements such as calcium (Ca), cobalt (Co), manganese (Mn), magnesium (Mg),
potassium (K) which may be essentia for plantsnutrition. They areasoimportantin
regul ating the undesirable side effectsfrom plant protection chemicalssuch assdective
herbicidesand fungicides. Theregulatory mechanismsinvolvealot of interactionswithin
thesoil system, whichthen control thechemica compaosition of theplant root environment
and hencenutrientsavailability to plants. Intheail polluted areas, soil and theenvironment
suffer unabated pollutionfrom oil spills. Theproblem of pollutionfrom oil exploration
isextensive, Various harmful and toxic organic compoundswhen introduced into the
environment during ail extraction, oil spill, gasflaresand severd other formsof pollution,
changes the geo-chemical composition of the soil, and other components of the
environment. Thisin turn affectsagriculture and lead to adrastic declinein output in
both fishing and farming activities. Pollution from oil extraction canlead to oil erosion,
ground weter, marinewater, air pollution and severe hedlth problemsfor thecommunities
inoil producing aress.

Unhealthy soil management methods have degraded soil quality, caused soil
pollution, and enhanced erosion. Treating the soil with chemical fertilizer, pesticides,
andfungicidesinterfereswiththenatura processesoccurring withinthesoil and destroys
useful organismssuch as bacteria, fungi, and other microorganisms. This process
indiscriminately killsthe beneficial microorganismsand leavesthe soil sterileand
dependent upon fertilizer to support plantsgrowth. Thisresultsin heavy fertilizer use
andincreases polluted runoff into lakes and streams (Engel king, 2003). Also, becauise
of the absorptive and buffering properties of soil, some pollutants such, as Cu, Pb,
PCB, petroleum hydrocarbon (PHCs) havelong half-livesin the soil and food crops
grown on these polluted soils may be affected by some pollutants. The absorptive
nature of crops can reduce; hinder germination or growth and slow significant
performance of the crops. Food cropsare essential and important to man and animals
but contaminated or polluted food crops can pose heal th risk and economi ¢ drawback.
Bringing back the pol luted soil to pre-contaminated leve isimportantinview of Sgnificant
severeeffect of crudeoil on both plantsand animals, and physica uglinesseffectinthe
oil polluted area, hencethe need for thisstudy.

MATERIALSAND METHOD

Prior to the beginning and after the experiment, twenty random soil sampleswere
collected at 0-10, 10-20, 20-30 cm depthswith the aid of soil auger. The samples
were bulked, mixed and representative samplestaken for routineanalysis. Crudeoil
wasfirst added. Compost manure and fertilizer were added after addition of crudeoil
tothesoil. Inorder to achievetherequired nitrogen rate aswell assupply of required
phosphorus and potassium nutrients. The compost quantity added to the soil was5.0
thatwhilethefertilizer was 0.2t ha of NPK. The compost mixtures used were:
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1) Cow dung (CD), Saw dust (SD), Cropresidue (CR), (CD + SD + CR);

2) Poultry waste (PW), Saw dust (SD), Crop residue (CR), (PW + SD + CR)

3) Market waste (MW), Crop residue (CR), Saw dust (SD), (MW + CR + SD).
They wereadded using top dressing method, while NPK fertilizer applied was by
band method. Preliminary investigationswere carried out on the soil before and after
addition of crudeail to confirmthephysica gppearanceand minera contentsby (APHA,
1995; DPR, 2002). Themetals, Potassium (K), was determined by flame photometry
while Calcium (Ca), Magnesum (Mg), Colbat (Co), Nickel (Ni), Copper (Cu), Zinc
(Zn), Manganese (Mn). Chromium (Cr). Cadbium (Cd), Lead (Pb) and Iron (Fe)
were determined by Atomic Absorption Spectrophotometer (AAS) (AOAC, 1990).
The plants parameterswere measured using descriptive statistics.

RESULTSAND DISCUSSION

Qil pollution had del eterious effect on maize performance by altering soil physical,
chemical and biologica components, thus, affecting rate of synthesisand trand ocation
of vita minera e ementsin maizeplants. Whilenutrient supplementation aleviatesthis
adverseeffect by increasing the nutrientsreserve availablefor trand ocationin the soil.
Initialy maizedid not sorout onthe polluted soils. Thosethat showed Sgnsof germination
wereentirely brown and withered off dueto thetoxic effect of the crude oil whichwas
later suppressed by themicrobia activitiesfrom compost. Proper germination of maize
plantedin the soilsstarted after the soil shad been amended with compostsand fertilizer.
Similar observation had earlier been reported (Treblay, Lee, and Levy 1993, Amadi,
Dickson and Maate, 2004; Onibon and Fagbola, 2008).

Themeta concentration beforeand after plantingispresentedontable 1. The
presence of heavy metalsin crudeoil may inhibit the activitiesof mineralspresentin
soilsand hencelow fertility of the soil and poor agricultura yield. Themost abundant
heavy metal s present in crude oil are Vanadium (V) and Nickel (Ni) and the other
metalsidentified in crudeoil are Calcium (Ca), Magnesum (Mg), Zinc (Zn), Iron (Fe),
Nickel (Ni), Sodium (Na), and Potassium (K) with sodium as the most abundant
element in crude oil. The concentrations of some heavy metals measured in soil and
plantsvary significantly from each other with Fe 44.82 ug g* asthe most abundant
eementinthesoil.

Themeta contentsinthe plant tissuesfrom soilstreated with fertilizer arelow
invaluescompared to soilswithout fertilizer application. Manganese, Cu, Pb, Ni, Cd
and Znwerenot detected with only low valuesin Cr. 0.02 ug g*, Co—0.15ug g*, Fe
0.27 yggt, Ca—0.38 pg gtand Mg 9.33 ug g*. Intheremaining treatments (PW +
SD + CR), (MW + SD + CR), and (CD + SD+ CR), the content of metals were
significantly low inthemarket waste compost treated plantswith heavy metals Cu, Pb,
Ni and Zn not detected while Mn, Cr, and Cd wereequal vaues, 0.05 ug g, Fe, Co,
Caand Mg wererespectively 0.42, 0.45, 0.96 and 9.53 pg g*. Only Cd and Znwere
bel ow detection limit in cowdung compost treated soil but had the highest record of
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Mg 17.95 pg g* value. Thelowest value of metal wasrecorded for the poultry waste
treated soil. The plant tissueanaysisdoes not show any significant presence of heavy
andtracemetals. Theresult showsthemetal to berelatively low in plant tissuesthan
themetasinthesoil. Zinc wasnot detected in any of the plantswhile Cuwith 0.02 g
g-'wasdetected in (CD + SD + CR) treated soilsand not detected in the tissues of
plantsfrom other compost treated soils. The concentration of free copper ionsin soil
solutionsisusualy low copper and zinc availability decreaseswithincreasinglevel of
phosphates. Thereforethelow level of zinc and copper inthetissueof plantsisinline
with variousresults. Despiteits|ow concentration, maize did not absorb heavy and
trace metal swhich were present inthe soil. Theselow level sof metalswere perhaps
held onto by soil microbia activitiesfor further degradation and remediation of oil
polluted soils. The number of leaves, plant height, and stems girth and | eaf area of
maizeareshown ontables2- 5.

The number of leavesin (MW + S.D + CR) and (PW + SD + CR) ranged
between 13.75 and 15.25, 12 WAP. The mean vauesfor the number of leavesfrom 2
to 12WAPare5.38, 7.12, 8.25, 10.50, 12.45 and 14.37 respectively. Comparative
resultsof the effect of different compostson plant height of mai ze had themean value
resultsfrom2to 12WAPas(CD + SD + CR) 24.29t0 72.94 cm, (PW + SD + CR),
25.91t072.78 cm, (MW + SD + CR) 23.94 to 71.13 cm, NPK fertilizer 21.74 to
65.35 cm. Theaverageresultsof 65.35cmto 72.94 cminfertilizer and cow dung
compost treated soilsare significantly different at (p < 0.05). Themean stem girth
valuesranged from4.75cmin NPK fertilizer to 5.25cmin (PW + SD CR) at 2WAP
and from 12.88 cm (MW + SD + CR) to 14.50 cmin (PW + SD +CR) compost
treated soil. Themean valuesranged from 5.03 cmat 2WAPto 13.72cmat 12 WAP.
Intheresults, lesf areaval uesranged from 23.98 cm?to 26.33 cn? in maizefrom soils
amended with compost market waste and NPK fertilizer. At 12 WAP, the values
ranged from 74.38 cm? to 85.73 cm? in cow dung and poultry waste compoststreated
soils. Theleaf areamean va uesranged from 25 .00 cm? to 80.27 cm? between 2 and
12 WAP.

Ingenera, thegrowth parametersrecorded for maize cropsfrom soil trested
with poultry waste compost performed significantly better (p <0.05) thantheresults
obtained for maizefrom other compostsand NPK fertilizer treated soils. Thesevaues
werein agreement with (Amadi, Dickson, and Maate, 2004, Onibon and Fagbola
2013) resultswhere maizetreated with only sawdust had avery low results compared
with the plant treated with only poultry manure. The trend of growth revealed
quantitatively higher plant height, slem girth, number of leavesand |eaf areaasnumber
of week’sincreases. Similar observation had earlier been reported (Treblay, Leeand
Levy, 1993). All treatments enhanced growth of maize plant with highest growth
parametersrecorded in soilstreated mostly with poultry and cow dung compostsall
through the study. Higher performance could be aresult from further break down of
hydrocarbon and moremicrobial activity leading to therelease of nutrients, better soil
condition enhancing growth.

International Journal of Natural and Practical Sciences, Volume 2, Numbers 1 - 3, December 2014 31
ISSN: 2350-2169



Norma growth of maizeincluding colour wasobservedinthefirst few weeks
of theexperiment. After thefifthweek, maize plantsinthetrested soil swereexperiencing
colour change and necrosisof theleaves. Thisobservationissimilar to (Onibon and
Fagbola2014). Butinal thetreatments, poultry compost supplemented soil performed
sgnificantly better than al the other compostsused inthisstudy. The high growthrate
inthe poultry waste compost supplemented soil may be asaresult of the enhanced
nutrient statusand their dow rate of releasein the soil. The observed increaseinmaize
growth 3WAPmay bedueto theamount of organic matter and combined nitrogenin
the soil after biodegradation of theoil. Also, it was observed that poultry wasteishigh
innitrogen compared to other animal manures. Nitrogen and phosphorus elements
majorly limit thebiodegradation of oil and plant growthin addition tothewideratio of
CandN (C/N). With thisdevel opment, plantswill competefor thelimited nutrients
with outward effects on soil and adecreasein crop yield. But supplementation of soil
with compost which ultimately rel easesthese e ementsaugmentsthissevere condition
and makesnutrients availableto plants (Ajao, Okoye and Adekanbi, 1996; Duran,
Ruban, Amblesand Oudot, 2004).

Theimprovementin plant growth after addition of poultry manureiséttributable
totheincreased N, Pand K supplied by the manure. Asidefrom ameliorating the soil
fertility Status, soil structure, permeability and soil moisture are conserved by nutrient
supplementation. Thelow performance of the remaining composts may be dueto
much longer timerequired for effective decompaosition and mineralization. Thoughthe
chemicd fertilizer hasthetendency to mineraizebetter than thecompogt, but itschemica
toxicity tothemicrobesmay have contributed Sgnificantly tolow performanceof maize.

CONCLUDING REMARKS

Thisstudy isan experimentation of the Effectsof Compostsand NPK Fertilizer onthe
Performance of Maize Plant in Crude Oil Polluted Sails. It was observed that inthe
mai ze plant tissues, application of compostsdid not resultsin uptake of metalsfrom
the polluted soil sinto the mai ze plants. Thevariability and low va ues obtained from
the plant tissueswere significantly lower than the metal concentrationin soil. The
presence of trace crude oil does not have negative effect on growth and performance
of plants due to remediation procedure from the contributions of nutrients
supplementation and microbia degradation of oil inthesoil. Theresultsobtainedinthis
study, therefore, reveal that crude oil polluted soil can be remediated using composts
and for better cropping performance. Perhaps, increasing the rate of application of
compost would lead to more nutrient composition and thismay enhance maize/crops
performanceinoil polluted soils.
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Tablel: Combined metal concentration ((g gt) in maize plant tissue and soilsin crude oil polluted soil

Co Ni Cu Zn Mn Mg Fe Cr Pb Cd Ca
(CD+SD+CR) 0.46 0.18 0.02 ND 0.06 17.95 0.20 0.12 0,09 ND 0.54
(PM+SD+CR) 0.18 0.07 ND ND 0.01 10.44 0.07 ND 0.16 0.04 0.73
(MW+CR+SD) 0.45 ND ND ND 0.05 9.53 0.42 0.05 ND 0.05 0.96
Fertilizer 0.15 ND ND ND ND 9.33 0.27 0.02 ND ND 0.38
Unpolluted Soil 0.51 1.16 1.10 0.04 0.89 9.58 0.67 0.29 0.07 ND 0.56
Soil Without C.O 0.45 0.68 125 ND 0.78 9.96 0.72 0.13 0.03 0.02 2.55
Soil+C.O+Treatment 0.03 ND ND ND 0.09 15.13 0.57 ND 0.05 0.03 0.21
Sail + C.O 0.63 0.54 0.77 0.05 1.46 16.70 1.50 0.38 ND ND 0.88
C.O = Crude oil;

N.D = Not Detected
Source: Field experiment, 2014

Table2: Effect of different treatmentson number of leaves of maizein the second fiel d experiment.
Weeksafter planting

Fertilizer treatment 2 4 6 8 10 12
Cowdung 525a 6.75a 875 10.25a 12.00ab 13.75ab
Poultry Waste 55a 750a 7.00a 1150a 1325a 1525a
Market Waste b75a 725&b 875a 1025a 1200a 13.75a
NPK 500a 6750 850a 1000a 1225a 14.00a
Mean 5.38 712 825 1050 1245 1437
SD 0.32 0.38 084 077 065 071

Values within the same column with similar letters are not significantly different according to
Duncan Multiple Range Test (DMRT) at p < 0.05. Source: Field experiment, 2014

Table 3: Effect of different treatments on the plant height of maize in the combined first and
second field experiments

Weeks after planting

Fertilizer treatment 2 4 6 8 10 12

Cowdung 24.20a 281la 32.70a 4396a 56050 72%a
Poultry Waste 259la 3206a 37.05a 49.85a 658la 72.78a
Market Waste 23.%Hab 2920a 3553a 49.36a 6203 71.13a
NPK 21.74b 27.3%a 3315a 4305a 5516b 65.35a
Mean 2397 2021 3461 4656 5976 7055
SD 172 205 206 35 5.06 356

Means with similar alphabets in each column are not significantly different at p < 0.05
according to Duncan Multiple Range Test (DMRT). Source: Field experiment, 2014

Table 4: Effect of different treatments on stem girth of maize inthe combined field experiments
Weeks after planting

Fertilizer treatment 2 4 6 8 10 12
Cowdung 500a 638a 825a 9.88ab 1188 1363
Poultry Waste 5.25a 7.25a 1275a 1088a 12.75a 1450a
Market Waste bl13a 663a 788 925b 11.00b 1288b
NPK 475a 638a 800a 988 12.00ab 13.88ab
Mean 503 6.66 922 997 1191 1372
SD 0.21 041 236 067 0.72 067

Meanswith similar letter(s) in each column are not significantly different at p < 0.05 according
to Duncan Multiple Range Test (DMRT). Source: Field experiment, 2014
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Table5: Effect of different treatmentson leaf area of maizein the combined field experiments
Weeks after planting

Fertilizer treatment 2 4 6 8 10 12
Cowdung 24240 3269 4269 5454b 6598b 74.38a
Poultry Waste 25.14ab 3348a 4291a 581l1a 6846ab 85.73a
Market Waste 2398 3269 4160b 5461b 6944a 7874a
NPK 26.33a 3446a 4201ab 5481b 6534b 8224a
Mean 2500 3B33 4230 5552 6730 80.27
SD 110 04 061 173 196 4.86

Meanswith similar al phabetsin each column are not significantly different at p < 0.05 according
to Duncan Multiple Range Test (DMRT). Source: Field experiment, 2014
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