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ABSTRACT: Phytoremediation potential of Velvet bemmd Maize was carried out at the University oftRtarcourt, Botanic
Garden. The seeds where grown in different soikhafg20kg and polluted with 1000ml each of différereatment of AGO,
PMS and DPK. The values of Heavy metal concentradticthe soil was assessed and analyzed for ZanHeCu. Velvet bean
and maize in AGO contaminated soil (Fe: 355g/mi:, Z40g/ml and Cu: 100g/ml., PMS soil (Fe: 75.0g/Anl: 3.0g/ml, and Cu:
155.5g/ml), DPK soil (Fe: 150g/ml, Zn: 30.0g/ml, @&Og/ml). After 12 weeks of planting velvet beheavy metal in AGO
contaminated soil (Fe 170.5g/ml, Zn 100.5g/ml and8D.4g/ml), PMS soil (Fe 60.5g/ml, Zn 2.0g/ml &d 101g/ml), DPK
soil, (Fe 103g/ml, Zn 24.8g/ml and Cu 55.0g/ml)r Maize soil, the heavy metals in AGO soil (Fe 3B@igZn 220g/ml and Cu
105g/ml)., PMS soil (Fe 70.0g/ml, Zn 2.3g/ml and Ti0g/ml)., DPK soil, (Fe 105.5g/ml, Zn 27.2g/mida@u 75.5g/ml. At
harvest, the result of plant height showed a grathmease in PMS concentration of velvet bean th&0O and DPK.
Differences were not recorded for number of lezared Leaf Area. Also the different treatment of plemm product on maize
showed reduction in yield after harvest. Howeveaalluted (control) soil gave the highest total plheight and highest biomass
value. Velvet bean had a better phytoremediatiderg@l to maize as AGO, PMS and DKP showed moteteléous effect on
maize plant by interfering with the physiology andtabolic activity of the plant.
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Introduction

Velvet beanNucuna pruriens L. DC) is an annual climbing legume that grows8wlin height, the genus
mucuna, belonging to the family Fabaceae, the glamivs well in tropical areas of India and Afridangelking,
2005).When velvet bean plant are young they arereavwith hair which disappears as the plant geltstioe leaves
are of various sizes and shapes, and when velegt flant are young you can find hairs on both stdeke leaves.
Mucuna varieties are herbaceous with an annuatyitée which ranges from 100 to 290 days accorttnBuckles
(1995) and Keatinget al (1996).
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The plant also produces clusters of pods wbdattain seeds known as mucuna beans, the podswaeed with
reddish-orange hairs that are readily dislodgedcamdcause intense irritation to the skin, the iggetame pruriens
(from the Latin word “ltching sensation”) refersttte result to be had from contact with the seadihmirs. The itch
caused by the pods is due to the presence of psosairotonin and mucunain. There are many regiomsrica
where the quality of the soil is degraded becadsetensified agricultureMucuna pruriens grows well in these
areas to weed out infestation and restore soiliferiviucuna is a short-day annual (Duke 1981}lsat it flowers in
October/November in the northern hemisphere.

The toxicity of unprocessed velvet bean mgyan why the plant has few problems with inseg&st, velvet
bean is well known for its nematocidic effects whesed in rotation with a number of commercial crdpslso
seems to possess a notable allelopathic activibjclwsuppresses competing plants, it can howevdsohasoil
borne pathogens such 8#&acrophomina phaseolina, which is detrimental to velvet bean and other faodp.
(Manyam, 2004). The United states produced theekrgmount of maize throughout the world, but treeeother
countries that also produce high qualities of maizeh as China, Brazil and South Africa, Maizeuscgptible to
water logging (Kay 1979).

In 2003 there was an estimated six hundretiertens of maize produced in areas that do neéelextreme cold
temperature as it is a cold-intolerant crop, méasza cereal plant that produces grains that cacob&ed, roasted,
fried, ground, pounded or crouched to prepare uaritood items like pap, and various food industrigsil
pollution is a buildup in the soil of toxic chemicgompounds salts, pathogens or radio-active nasethat can
affect plant and animals life (Engelking, 2005)il$®a mixture of mineral, plant, and animals tifiatm during a
long process that may take thousands of yearss hecessary for most plant growth and is essefarahll
agricultural production when soil is polluted tténtlayer of the fertile soil that covers much bétearths land and
is vital for the growth of vegetation is damagedié&n and Duncan, 2003).

Soil pollution weakens the plants they sudoumnatural stresses such as insects, diseadenate extremes
that they otherwise might have withstood (ahsl 1997). Kerosene, Petrol and Diesel are refined ymtsdof
petroleum. They are alkane hydrocarbon, crudesod complex mixture of hydrocarbon and compoundgado
oxygen, sulphur nitrogen and trace amounts of metdined crude oil yields such relevant componkke
kerosene, petrol, diesels, fuel oil, alkane andmatec pesticides. Kerosene, Petrol and Diesel amgoitant
petroleum products obtained through fractionaliltAion process. In this process petroleum is ée@ah steel or
bubble tower in order to vaporize the different togérbons it contains, the separate fractions whale different
boiling point, condense to liquids as they are eddh the condenser. Kerosene has been recovered dther
substances, notably coal, oil shale and woodused in lamps canner in insecticide sprays ananib& aggressive
of all the product.

Diesel is used for power generator and trarismotors, kerosene, petrol and diesel are useddustries as
primary raw materials and this in turn has resultedn increased in its production and transpantathereby
resulting in pollution of the environment. When gbeproducts are released into the environment, leepme
dangerous pollutants with tremendous adverse sffattthe abiotic and biotic compounds of the affédtabitats.
(Kinako,1981). This work is aimed at knowing theyfaremediation potential of velvet bean and maiae t
decontaminate soil polluted with different petroteproducts such as DPK, AGO and PMS. Also, the abivjes
aim at determining the effect of these petroleuodpcts on the plant and the ability of these plemtemediate the
soil through different growth parameters.

Materials and M ethods

The Parameters measured is used to deteth@retages of development in velvet bean and npdére growing
under contaminated soil, from the second week wvsvweek of planting. Growth can be measured azase in
length, leaf area, stem, number of leaves and gidiease; increase in mass is often determineabyesting the
entire plant or the part of interest and weighihgrimediately before too much water evaporates fibrlso
increase in dry mass of a plant or plant partssiesduo measure growth. The dry mass is commonlgiredd by
drying fresh plant for 24-48hours at 70-80C. Weighing balance, Petroleum products: Premiuotol Spirit
(PMS): Dual Purpose Kerosene (DPK) and Automobitsdline Oil (AGO). Materials used include, Petshdis,
Loamy Soil (20kg) each for 40 bags, Conical flaskinders, pH, meter (Jenway 301% Foil paper, methyl orange
indicator (HSQO,), Seed (velvet bean and maize).

The experiment was carried out in the Uniwgraf Port Harcourt, Plant Science and Biotechnglbgboratory
and Botanical garden. Collection of Materials (®®@uof Petroleum product used for this experimens Waught
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from NNPC mega filling station, on East West Roadlihg station at east west road Port Harcourtl Sonple
were collected during each sampling for physicodoahmanalysis, soil sampling started two weeksradtal has
been polluted, the following physicochemical prdigsr were taken after soil have been polluted wifferent
petroleum products; the parameter calculated fercanductivity, soil pH, Alkalinity, Total heteraiphic bacteria
count, Total heterotrophic fungi count, Total baietecount, Total fungi count and heavy metals. @aéa collected
were statically analyzed using SAS (2007, versidl) Statically Package for treatments tested. Tlearmmwere
separated using least Significant Difference (L8D5% level of probability.

Results

At two weeks after Planting of maize plantedtment 4 was significantly €00.05) higher than treatment 1, 2
and 3 for Plant Height and Leaf Area. For numbeleafes, significant (g0.05) differences did not occur among
the treatments (Table 1At four weeks after Planting of the maize plantedtment 4 is significantly §8.05)
higher than treatment 1, 2, and 3, for leaf arah@ant height. For number of leaves, significgrt0(05) different
does not exist among the treatments (Table 2).igkiteveeks after Planting of the maize plant, afiment 4 is
significantly (P< 0.05) higher than 1, 2 and 3 for plant height bead area, for number of leaves significant{P
0.05) differences does not exist among the treatifleable 3). At twelve weeks after Planting of thaize plant,
Treatment 4 is significantly (g 0.05) higher than treatment 1,2 and 3 for plamglteand leaf area, for number of
leaves significant (g 0.05) differences does not exist among the treatisn@able 4). At two weeks of planting of
velvet bean, Treatment 4 is significantly €70.05) higher than treatment 1,2, and 3 for plaiglt, number of
leaves and leaf area (Table 5). At four weeks ahfihg of velvet bean, Treatment 4 is significar(fyy< 0.05)
higher than treatment 1,2, and 3 for plant heighimber of leaves and leaf area (Table 6). At eigbéks of
planting of velvet bean, Treatment 4 is signifitarfP < 0.05) higher than treatment 1,2, and 3 for plaigtt,
number of leaves and leaf area (Table 7). Atwev@leeks of planting of velvet bean, Treatment digsificantly
(P < 0.05) higher than treatment 1,2, and 3 for plangit, number of leaves and leaf area (Table 8).

Table 1: MAIZE Mean of growth parameters measutetiaeeks after planting

Treatment Mean PH Mean NL Mean LA
1 3.926° 3 4.8
2 11.728 3.2 4.7
3 5.160 2.4 3
4 20.066 3.4 16
L.S.D. 6.0104 1.5252 7.6331

The values represent the means of 5 replicatespsriaathe same column with the same letters aresigaificantly different
from each other.

Key-
Treatment 1 - AGO Treatment 2 - PMS
Treatment 3 - DPK Treatment 4 - control

49



NISEB Journal Volume 12, No. 2 (2012)

Table 2: Mean of growth parameters at 4 weeks pftsiting

Treatment Mean PH Mean NL Mean LA
1 1.260 9.0¢% 10.20
2 21.808 9.6¢ 13.60
3 11.408 7.20° 8.60
4 37.208 9.6¢ 29.80
L.S.D. 11.173 3.0295 14.077

The values represent the means of 5 replicatesnsriaathe same column with the same letters aresigofficantly different

from each other.

Table 3: Mean of growth parameters at 8 weeks pftsiting

Treatment Mean PH Mean NL Mean LA
1 22.800 10.2000 18.60
2 30.600 11.0006 20.00
3 22.800 9.6000 16.60
4 55.160 10.8000 48.6¢
LSD 16.891 2.1606 22.646

The values represent the means of 5 replicatespsriaathe same column with the same letters aresigaificantly different

from each other.

Table 4: Mean of growth parameter at 12 weeks afterting

Treatment Mean PH Mean NL Mean LA Fresh Weight Dry weight
1 25.00 10.2006 18.60 5.274 1.758
2 30.60 11.006 20.00 5.928 1.976
3 22.20 9.6000 16.60 5.31 1.770
4 55.360 10.808 48.6¢ 21.456 7.152
LSD 16.918 2.1606 22.646 17.2455 5.7485

The values represent the means of 5 replicatespsriaathe same column with the same letters aresigaificantly different

from each other.
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Table 5: Velvet bean - Mean of growth parameté ateks after planting

Treatment Mean PH Mean NL Mean LA
1 6.52 5.20° 6.60
2 20.80 6.604 11.20
3 9.56 3.20 6.80
4 49.44 19.66 71.26
LSD 15.479 13.816 7.6028

The values represent the means of 5 replicatespsriaathe same column with the same letters aresigaificantly different
from each other.

Table 6: Mean of growth parameters at 4 weeks pftating

Treatment Mean PH Mean NL Mean LA
1 13.08 10.20 12.60
2 45.38 9.6¢° 21.86
3 21.6%° 6.00° 13.80
4 93.16 19.06 41.6¢
LSD 30.479 5.2216 12.24

The values represent the means of 5 replicatespsriaathe same column with the same letters aresigaificantly different

from each other.

Table 7: Mean of growth parametersat 8 weeks after planting

Treatment Mean PH Mean NL Mean LA
1 43.56 35.60 33.40
2 121.6 82.40 71.80
3 71.46° 38.00 50.60°
4 186.00 132.66 100.48
LSD 58.876 51.017 22.408

The values represent the means of 5 replicatespsniaathe same column with the same letters aresigaificantly different

from each other.
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Table 8: Mean of growth parameters at 12 weeles afanting

Treatment Mean PH Mean NL Mean LA fresh weight Dry weight
1 44.16 36.00 34.20 8.055 2.685
2 118.98 78.80 72.40 25.8 8.60
3 71.60° 53.40 51.20° 14.316 4.772
4 187.08 132.68 100.8¢ 38.37 12.824
LSD 65.2 60.256 27.544 31.6569 10.5523

The values represent the means of 5 replicatespsriaathe same column with the same letters aresigaificantly different
from each other.

Table 9: Values of Conductivity, Alkalinity and pH

CONDUCTIVITY ALKALINITY pH
AGO 3.6 4.8 3.2
PMS 3.2 45 3.7
DPK 3.4 4.7 3.8
CONTROL 3.0 4.0 5.0
Table 10: Soil Test
THB (ml/g) HUB (CFU) THF(CFU) HUF (CFU)
PMS 67+27 9.9x10 2.51x16 17x1d
94/2 = 4.7x1d
DPK 86+38 5.6x1d 1.73x16 1.5x1¢
124/2 = 6.2X10
AGO 3.6+26 1.23x10 1.05x16 1.5x1¢
62/2 = 3.1x1d
Control 47+29 1.0670 1.7x1d 1.2x1d¢
76/2 = 3.8x10

Where ml/g =mill per gram; CFU = Coliform Forminglt
HUB =Hydrocarbon utilizing bacteria

HUF =Hydrocarbon utilizing fungi

THBC =Total heterotrophic bacteria count

THFC =Total heterotrophic fungal count
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Table 11: Heavy metal accumulation in soil

Metal content (g/ml)

Before planting

12 weeks after plantingin

12 weeks after plantingin

soil of maize soil of velvet bean

AGO 355 350 170.5
Iron (Fe)

Zinc (Zn) 240 220 100.5
Copper (Cu) 100 105 60.4
PMS 75.0 70.0 60.5
Iron (Fe)

Zinc (Zn) 3.0 2.3 2.0
Copper (Cu) 155.5 110 101
DPK 150 105.5 103
Iron (Fe)

Zinc (Zn) 30.0 27.2 24.8
Copper (Cu) 150 75.5 55.0

Table 12 Heavy metal accummulation in plant

Metal content (g/ml)

Before planting in soll

12 Weafter planting of 12 weeks after planting Velvet

Maize bean
AGO 355 20.0 69.9
Copper (Cu)
Zinc (Zn) 240 16.7 100
Iron (Fe) 100 30.5 51.2
PMS 75.0 20.6 34.3
Copper (Cu)
Zinc (Zn) 3.0 1.5 2.1
iron (Fe) 155.5 3.6 10.7
DKP 150 16.0 39.3
Copper (Cu)
Zinc (Zn) 30.0 20.6 24.1
Iron (Fe) 150 35.4 55.7
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Fig 1: General treatment (Maize)
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Fig 2: General treatment (Velvet bean)

KEY: 2PH: Plant height at 2weeks after planting.2Mumber of leaves; LA: Leaf Area at 2Weeks afiemting; 4PH: Plant
height at 4weeks after planting; 4NL: number ovE=saat 4weeks after planting; 4LA:Leaf area at 4weadter planting; 8PH:
Plant height at 8weeks after planting, 8NL: numifdleaves at 8weeks after planting; 8LA: Leaf zaie& weeks after planting,
12PH: Plant height at 12 weeks after planting; 12Number of leaves at 12 weeks after planting; 12Lé&af area at 12 weeks

after planting.
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Discussion

The concentration of heavy metals varied mgneelvet bean and maize plant. The data indicdtasheavy
metal accumulation was higher in Velvet bean plast.seen from the heavy metal analyzed for Zn, et @u.
Velvet bean and maize in AGO contaminated soil @=5g/ml., Zn: 240g/ml and Cu: 100g/ml., PMS séik:(
75.0g/ml, Zn: 3.0g/ml, and Cu: 155.5g/ml), DPK dg@&ik: 150g/ml, Zn: 30.0g/ml, Cu 150g/ml). After i2eks of
planting velvet bean, heavy metal in AGO contangdatoil (Fe 170.5g/ml, Zn 100.5g/ml and Cu 60.4y/RMS
soil (Fe 60.5g/ml, Zn 2.0g/ml and Cu 101g/ml), DB#l, (Fe 103g/ml, Zn 24.8g/ml and Cu 55.0g/ml)r Maize
soil, the heavy metals in AGO soil (Fe 350g/ml,Z20g/ml and Cu 105g/ml), PMS soil (Fe 70.0g/ml,Z8g/ml
and Cu 110g/ml)., DPK soil, (Fe 105.5g/ml, Zn 27rlgand Cu 75.5g/ml.

Velvet bean showed more phytoremediation p@enompared to maize which had inhibitory effeétthese
pollutants on the crop. This may be due to therfatence with the metabolic and enzyme activitiethe crop as
seen from the values above. There was higher iserigagrowth parameters measured for velvet beam tat of
maize plant. The yellowing of leaves observed mightdue to deficiency of nitrogen fixing bactemathe plant,
these pollutants in soil caused decrease in decsab® micro organism’s composition in soil (Atkisal., 1976)
and is also known to inhibit non-symbiotic nitrogedtion by rhizobuim.

For maize plant the pollutants reduced the<rproductivity by affecting the photosyntheticiwtes and
mineral absorption by roots thereby interferinghwitanufacturing and distribution of food. This nisydue to the
ability of oil to penetrate the cells of tissuesiieh resulted to their death and also its interfeeswith the enzymic
and phytochromonal systems of the plants (Minsdradl Helson 1991). However velvet bean plant shoavieidher
phytoremediation potential than maize plant.

The study has demonstrated that soil pollwéth petroleum product of AGO, DPK and PMS can l¢ead
gradual degradation and heavy metal build up ivetebean and maize plant. The heavy metals presethie
contaminated soils when absorbed by plants arebtapd making the plant leaves potentially toxiadrarmful to
man and livestock. Petroleum hydrocarbon contancinabf top soil renders the soil in the surroundimga
unsuitable for plant growth reducing the availapibf nutrient which may result to reduction in prgield and the
plant and also intoxicate the soil which may adelraffect the microorganisms in the soil, oil é¢zseadverse
affects on soil conditions, on micro organism amdptants. Oil pollution has damaging effect on daspecies
(Kinako, 1981) plant usually go extinct mostly aftél spill. The plants studied showed that Vellken remediate
pollutants more in the soil compared to maize glant
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